1 | NORGANI C COMPCSI TI ON ARTI CLE This application is
based on and clains the benefit of priority from
Japanese Patent Application No. 2007-101180, filed on
6 April 2007, the content of which is incorporated
herein by reference. BACKGROUND OF THE | NVENTI ON
Field of the TN 6h CAHEGRldslént ARTVeRti 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
a conpr esgiMessticesd sl dpeedopnt hedact réine tharpacelitnot
particular, with regard to substrates for a magnetic
prioFeeQr diag nesh s el sk ért \Fgrd lousa ti infrotirat 28 Tmagnétilc
recordi ng devices, and anong them especially to a
fileBeppendigul arz mmpneths d@oosrdi ngf mediaimist Hedorpentitea
relates to a substrate for a disk-shaped informtion
herei8COY AL 8g=pREE4M having surface super-snoot hness,
meshablllty and high strength. Herein, in the present
invention, "information recording nedla refer to
i nf or mat i on magneti c recording media wusable in a
fixed mount typechagstneh She used asygtiand 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

Flelglgg £Qé ggg%ﬁelégellular) phones or hard di sks for

ous el'ecfroni¢c devices. z Related Art In recent
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compos%@lon article having superior mechanical strength and
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 smong them, especially to &
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 fized mount type hard disk used as a hard disk in
perscnal computers, removable type hard disks or card type
hard disks, hard disks for digital video cameras, digital
cameras or audioc equipment, a hard disk for mcbile {cellular)

phones or hard disks for various electronic devices.



handl i ng | arge anobunts of data, such as in aninmation
and speech in digital video caneras and digital
caneras, information magnetic recording devices of
hi gh capacity have becone necessary. As a result, in
order to increase surface recording density,
i nformati on magnetic recording nedia tend to increase
the density of bits and tracks while reducing bit
Relatefll Astze. Therefore, a nmagnetic head is required to
operate nore closely to the disk surface. ‘
Furlmherersre; wweers t Her mecemditny deéesivtiyhexbeedsridoation
Go/in2, the recording becomes thermally unstable in
of ps8ughnal sompl:temgnetimaliionedin tand e tdvatthicha nandltanards
recording systemreaches a physical limtation wth
handlegar Uatget BRodemands f@stdj ghucecor dimgrdersiiton and
exceeding 100 Gb/in2. In order to cope with this
speebhf fhehl by 2t hei pes peadt cud aind maghetd © deeorading
- system has been enployed. Since this perpendicul ar
infoRERebhCrkeaet diNge 8y 8 £y hasv afe €asy hipgneidZattiomave
axis in thé perpendicular direction, bit size can be

pecofXt heRBLY sl I and- &l 8 Since Ahi:S By Shemehas durface
esired mediumfilmthickness (5 to 10 tines the
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can be reduced and a shape magnetic ani sotropic
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sol've pro ms such as reduction in recording
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so.as to realjze.tr ndous_i nprovenent in recording
moredgﬁgﬁﬁyycgﬁpgrdeﬁfgﬂngeg?ﬁipIane magneti ¢ recording
Sys

Ik imoeTihis ‘Gl s an g e dopo
Gb/i%gfoégéngeggpgié égcé%gs thermally unstable in such a
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 recerding system has an easy
magnetization axis in the perpendicular direction, bit size
can be extremely small, and also 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
a2 shape magnetic anisotropic effect can be anticipated.

Therefore, this system is able to sclve problems such as

reduction in recording energy and thermal instability



| ess than 100 Gb/in2 on a practical |level in nmass
production, and research on recording densities
exceeding 300 Gb/in2 is alyeady being carried out. In
recent information magnetic recordi ng devices, the
magnetic head perfornms CSS (contact-start-stop) notion,
occuy epeat ¥ high nbVEER™S Y contEEY e Witdk 18upsErgt §S6PT41ng
the information magnetic recordi ng nedi um before ‘
systenartngas heo oeadicee dnthiaroiusup MRremeiRe tdiigk recording
substrate when starting a device. In this case, when
densthe conpactd surflacehdetwasirichamdretls wecosifnSyREE™ -
surface of a nore than necessary |level, problens
Thus pctur tseche gsead unsTwotie grottaEtd ore etratingos védussge itto has
an information magnetic recordi ng nmedi um surface
alregaysiedcbye aposs NeYease dohidwee fa itdonlicgeffenciient odueo
to adsorption. Thus, there are conflicting demands
lessreganding theigh sl substratieadf 1=anli hhommati pnoduction,
magnetic recordi ng nmedi um for keeping the nmagnetic
and headsflpabh ngea@srd oV asepossidd ewidduirhe Jotceade’i ns
the recording capacity, and preventing the nagnetic
a1reB8adsEi e csticking:40 the information magnetic
recordi ng nmedi um di sk substrate. To cope with these
confd i.cding dermmnds:t ilhe madevelieprerbrefing bardkbpg, the
regi on technique to produce a starting and stopping

magn@ﬂié oL gt her FRgRetd gs headhd ¢ he o 8peaiddc rrgicpn of

the di sk substrate of information nagnetic 4

repeé@gﬂédhggeﬂgg%yn%Qaé?@ﬁﬁgtp%ﬁ%“&fgk I didhe o her thand,
conpeting with the aforenmentioned |anding region
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deviéé?rti.nngth%nsd csafsoeqpiwrfq%n()fthtehecontact surface between tThem is
a mirror-finished surface of a more than necessary level,
problems occur such as a unsmcoth 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 reccrding medium disk
substrate. To cope with these conflicting demands, the
development of a landing region technigue to produce a

starting and stopping unit for the magnetic head in the

specific region of the disk substrate of informetion magnetic



magnetic head fromthe informati on magnetic recording
medi um  so that unevenness of the substrate surface
to prevent the magnetic head fromsticking to the
di sk substrate has becone unnecessary. Therefore, by
maki ng the substrate surface super- snooth, it has
recobetopenpbbsh flas theoparzaottdte magneti ¢ head
extrenely close to the information recordi ng nedi um
surdracée ertdlelri hgniche doimpedéhl wiizb tbebalpegierfioned
thereby enabling the recording density to be raised.
landEogt heghor e;e@tsonia, tie perpendilau deamngserileoped & ramp
recordi ng medium the nagnetic head fl oating hei ght
loadiegdsetionide: ascdmoveas Abcoudiorg leeS s heasnadre tige ddiagg 1in
density inproves, so that the recording system
whichUthbeha §eaesc tige hecome: aigale t €pntiac tcarecartdiwig-rorthe
contact recording. On the other hand, in order to
subsebbiestiyely i itdzerd hendredi um suf face amidaf @f the
regi on, conventional systens to provide the |anding
magnk89k0Re s havesheele r opf @6Rok Dyn and@nx | ®adidig Syt emdium,
with a no landing region. Therefore, the data region

so t0h+I B dLske syriace, orsihe: r o0l i 18 SRS tHALD Swrfacee
nmust be super-snooth so as to enable the nagnetic

magngﬁ‘?g fLoat fﬂ&&hﬂﬂé‘hz‘%& be feduced. and analle HNe vecome

contact recording to be perfornmed. Furthernore, with
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of. .t hese an | i near expansion coefficients as
recording éenggty tonbe ralged.

Furthermcre, alsc in the perpendicular magnetic
recording medium, the magnetic head flecating 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 reccrding or contact recording. On the other hand, in
order to effectively utilize the medium surface as a data
region, conventional systems to previde 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,



smal | as possible. Mre strictly, the nean |inear
expansi on coefficient of the disk substrate is often
preferably very slightly lqarger than the nean |inear
expansi on coefficients of these conponents.
Component s having a nean | i near expansion .
highcpe¢tielentss i meedrd rimgee oft 1000-ng 4160 EIrG:ticchepd and
are often wused in small nagnetic informtion
recorétog diadliwedi 2o i thapdrideuliasndmnalt Srasisaen 1s
considered that the thermal expansion coefficient in
requi hes fangeadils abspomecessarshd ofigheuditgle tsulssrd aegnetic
so that there has been a di sadvantage such as the
infoosetl cencecofdinar déel e r oS inken thie cttfiecal céxpaasi on
coefficient deviates slightly. Since in this
- diffpeepends € uh@sn nBgned i cexenor g sySiiements on these
magneti zation is performed perpendicularly to the
compBBELUE hsbEhases 1 gnedbam hawi ngs thereasyry to make the
magnetization axis in the perpendicular directionis
difrusedcthat isedifhesent idsom apH0mentd et dedidimas
havi ng the easy nmagnetization axis in the in-plane
smal@l E€CELOB:ip Mat enidls whiich 1Rave nheenr -5t udihed rasdpRHEion
to practical use as a recording |layer of the
coefEFFEsﬂgl ol ffe HRGRELISSELLOL di NG, SYSE QRS- L0 pagrsy
alloys such as CoCrPt, CoCrPt-Si and CrPt-Si 02, and
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tenperature for the mniaturization of
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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 cccurrence of a write error when the thermal expansion
coefficient deviates siightly.

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-5i and CoCrPt-S5i0;, and an Fe base alloy such as FePt.



resi sting such high tenperatures and shoul d not
generate substrate defornmation, alteration of the
surface roughness, etc. Fythernore, these magnetic
recordi ng nmedi um substrates nust have no crysta
ani sotropy, foreign substances, inpurities and so on,
whiltdwatigght tafe détlm e maltirhotRItR§ T 2FBdruAPEr YEEal
and their conposition nust be dense, honobgeneous and
nminifineizahtioal b mustehayes g urdsliine reapdn es
of enduring washing and etching with various .
and phediicaisn Fortherperesndicwraerdizedtianstt magnetlic
expediting of information recording and readi ng,
recot@thoi natiidevetopaentebasandesrher orotdd R adtedisg have
the informati on magnetic recording nediumdisk of the
to bBRgRAELEC rroorithng tevieceatdinghospessdnt Hewewech,t he
hi gh speed rotati on causes deflection and deformation
anne@f ihBensybskr gkesoshed hat ddige sesés ate mfrertialpedsture
required to have hi gh nechanical strength. In
(in addi thaRe bR 300NtEashoto) the DHsrend hdgwest Munfodemey .
i nformati on magnetic recording device, informtion
TherBBGREL | crEecordipgrdexk€e8i MSiAgsY ba semyaiie &isk
system and card systemare in the stage of
resi%ﬂ&ﬁgtbgéh'ﬁﬁgﬁngeﬁﬁ§§£t§§ésa£§ﬁ|§E6ﬁ£@,n@€“béﬂéﬁhte
sincé the application devel opment for digital video
subs%%g%%agefgkgbkﬁbn,C§ﬂ§£§§ti@ﬂdo§ot@@ bascstart@thnness,
these demands have 1 ncreased nore and nore. Al though
fe alumnumalloy is nostly used in conventiona
‘magneti c di sk substrate naterial, a substrate nade of

aluminum _al loy i, t Ir.odug equl ari: i e
shag?ér e%@%%?bs#%%%§5¥§ 6%F§gd$%#é§% §$¥%¥§1§hrfacgtes

musts%a%% %% %%ystal anisotropy, foreign substances,

impurities and so on, which might affect the film forming
medium crystal and their composition must be dense,
homogenecus and fine, and alsc 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 prometed 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 additicon, in
contrast to the current fixed mount type information magnetic

recording device, information magnetic recording devices using



difficult to obtain a substrate having sufficient
fl atness and snoothness. In addition, since alum num
alloy is a soft material and apt to be deforned, it
is difficult be adapted to the trend to nmake devices
thinner. Furthernore, alum numalloy has problens
a repuchbhs dhek orcsfsency cfalteaty dlegsirguet §he stage of
defl ection during high speed rotation |eading to
invedhimgeioh thed prediiegl swaliaation s aggt ad sparerical the
capabl e of sufficiently adapting to high density
appltesoidhndeval fpreme. fdm Gidditdloryidesi neearits  aldigwaslle
tenperature limt of alum numalloy during the film
camef ot pashanso whi cha bectomes=dypsithd spatdrmmds maviee increased
magnetic recording system is |ess than 300C, the
moreSHhgthate. is thermally-defornmed if the filmformation
is perforned at higher than 300C, and annealing is
cargieth it Atuhighn slerperiat toes 1suckeds 1b086nventional
900C. Therefore, it is difficult to apply a substrate
magn%g§ af sal yabpumad |y d v dhe 2 stibsivate erdemgnetleni num
recordi ng medi umrequiring such a high tenperature
alloll €8t OBAt { o ASr8afiBd ek Al gl Os FEspl Me dhessayoliens of
alum num 8 alloy substrate, there are anorphous gl ass
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crystallized glass substrates and so on havi ng high
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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 sufficlently
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 %00°C. Therefore, it is
difficult to apply a substrate made of aluminum alloy to the
substrate for magnetic recording medium requiring such a high
temperature treatment.

As a material to resolve these problems of aluminum



formati on where fl atness degrades after the film of
magnetic recording nmediumis fornmed on these
substrates at the tenperatgire above 300C
Furt hernore, the above | ow heat resistance can becone
the source of problens such as the elution of
allogl kebFheatonpbhent s2¥¢ oG HE1G4s| T BT e fatRSr o
cause damage thereto. Wile the crystallized gl ass
chemggbsdt ratefpscedpelios 3w soidiess annficus giedsg1ass
substrates and chem cal reinforced glass substrates
subsina¥Yeanghs moduh ulsaahing Wal endsss drrfh covfe umiarg Arhdmpact
i npact strength and ring bendi ng strength,
streagthiciently fulfills characteristics required as an
i nformati on magnetic recording device for practica
Us€is i the sanafigrduy dlesan svamrepheusngl assmsobst rateforced
subjected to the chem cal reinforcenent treatnent.
glasAl shpeghatbe €nystabté zesogh asise i shamendIn mhiirdforced soda
crystals are precipitated inside by heating anorphous
1imedhasssof st be - specif N ,conpasi kiofiabgil scknownld Os besio,
superior to anmorphous 9 glass in its superior
_ nibechanjgal strenghd, nhidt hass beemcatd engted s suhjeect
t he crystafllzed glass to the chem cal reinforcenent

itset FEALMBRL, §QcasSstophuyt her L APFOVS:d te Sddangt hnat(ker
exanpl e, see Patent docunments Japanese Unexam ned

ther§g%g@t rABPLIcaLEO0Re £ Fi kst : BybLFcat 1100 No.q 29051374906,

neSe Unexam ned Patent Application, First

formggﬁbhcﬁk%gﬁi%g?tﬁgggldeé?ggéé'?f@@ﬁn@§§ dnexam nedinetic

ent ron, Fir Publ i cati on No. He

5 Ircafion Japanese
corp g QTS Rl SO APeLL e 3 PR
resiéeghkgaEggnbeggkgtthe source of problems such as the
elution of alkaline components from the inside of the film to
cause damage thereto.

While the crystallized glass substrate 1s 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 required as an information magnetic
recording device for practical use, it is inferior to an
amorphous glass substrate subjected te 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



Publ i cati on No. 2006-62929, Unexani ned Patent
Application, First Publication No. Hei 10-226532,
Unexam ned Patent Applicatgon, First Publication No.
Sho 50-38719 and Unexam ned Patent Application, First
Publ i cati on No. She 47-49299, etc.) However, no
glaser yst abki eyl en suermiabl e T Epl iidatiaen D6 t he
magneti ¢ recordi ng medi um substrate denmanded in recent
atteyphed hassbedect oumd. coY ttolgheathelassstta IShre¢hgrass
of Li20-Al 2C3-Si @2 base disclosed in Japanese
reinthexamened: Patemtnitppd i eationfufiret inpubiviec dttisos tNength.
2005- 37906 has (3-spodunene ((3-Li2A12Si4012) as a
(Forceyatal ki neephBsesanddotsnstrenfgdrrissd noreasad:agy Patent
undergoing the chem cal reinforcenent treatnent after
Applpeeeipht ari agt t hebl Ceystat |Nme PHEsE3 7906, Jaggtnese
preferable as an information recording nedi um
UnexSHbstRabereRECAMSEL 451 @h ecF ptdatmd Croestiads Naar €ho6l-
mat eri al having a negative thermal expansion

2862e0ef bhghBte UkbkiheraBreatéts Applicaticon s dduited
to the reflection 10 mrror. Furthernore, although

pub1Na201 AL2f8: SiiER baseoerystadbized @glassmdisatiosathd n

Japanese Unexami ned Patent Application, First

Applp%glthg L 9”:%‘9 PR 0Ok 2 286249 ansh d i 20- A 2B~ S hase
i

crystallized gl ass disclosed in Japanese Unexami ned

Unexpﬁﬁﬁeﬁ PQ@Qhﬁcﬂﬁﬁ%QcaEiéﬁt fmp$ﬁcﬁﬁﬂfgb$%hoﬂ*NdM5Sﬂﬁr@@—

quartz ~solid solution as a

1161%3’55 EEEQ A3€an 1,29- AL 268 SL, 0, base: o1 ysiald4 zed

gl ass |sc apanese Unexam ned Patent
Pumjacsgaégg %ﬂeagpn%ﬁégﬁzzi 59400, 10 SH0A% 89300 oo,
oo B SRR e SRR IO 2 R 2 (o3 O
Appllca%g%n?r %Egklbubl Qgﬁfbntﬁgy & E 50-38719 and Unexamined
Patent Application, First Publication No. Sho 47-45299, etc.)
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 Liz0-Alz03-51i0; base
disclosed in Japanese Unexamined Patent Application, First
Publication No. 2005-37906 has B-spodumene (RB-Li;A1;514012) as &
crystalline phase and its strength is increased by undergoing
the chemical reinforcement treatment after precipitating the
crystalline phase, 1t 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 to the reflection



not preferable as the information recordi ng medi um

substrate, because their precipitated crystals are

mat eri al s having a negatiyﬁ t hermal expansi on

coefficient. In addition, they have not been

di scussed for the crystalline particle dianeter,
mirr¥oung' s nodul us and specific gravity. Furthernore,

al t hough Japanese Unexam ned Patent Application, _

Fi ritriPubinicost,i il tReug2006-62829:di84 6k osese Sfgpstallized

Na20- B203- Al 203 base crystallized gl ass precipitating
glaseryssalsseofif orsparéte (2= MumilrSidDatand/ drrgdesittien,

(Zn0OA1203) as the «crystalline phase, its
rirs€r yshak oyl sHeNs at $100 ¢ 5- 256 Yheras e ALttad 7% ase

that it is difficult to polish the surface roughness
crys8bier -alr @shve QLintbHgd 1M Rdsliridon,Uridssamiapnl iReatenin

islimted to top plates for buildings and cooking
nppldtensbhs. rA-thopgh) Unexad nes. Rad erd-7Appl4 ¢atdeon, B-quartz

First 11 Publication No. Heil O 226532 discloses the
(p-s¢Re cal : 4 reinforgenents sulisi-ane -y phek eeXchangel af-51i0;

Si 02-Li 20- Al 2C3 base crystallized glass and

LL.20: > S e if Si g BSSandd L0 tating at
baselEgg?é%%ggﬁgﬁgg%ggﬁi?%?En?%?gi?icater%Lizsizcs)]énd/or
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rei nf or cenent crystallized glass is cited.

Japak@ gdgi%%g@anggfgggggFg%§%fig§§ié%(I%f¥§%“bublication No.

cr?sta sed in Unexam ned Pat ent

ShoS?PEéEE%b;Sgg?Fgr?nggygkig@%%ﬁﬂg?%%§§gﬁggh§ﬁz%% Eﬂa/oi -

al's”o qguart d sapphirine (
spol§fy2/SH028 0L 00, 5 QURCLL (B, PUCEOLLLESSEL Oy axo
S N M NUE AT TR TR G
becaﬂgg their precipitated crystals 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. 2006-4625829 discloses SiCz-
Na,0-B,03-Al,0; base crystallized glass precipitating crystals
of forsterite (2 Mg0/Si0C;) and/or gahnite (ZnO-Al,03) as the
crystalline phase, its crystal-volume ratico is as high as more
than 70%, so that it is difficult tec polish the sufface
roughness after abrasive grinding. In addition, its
application is limited to top plates for buildings and cooking

utensils.

Although Unexamined Patent Application, First



di scussed concerning the described bel ow Young's
nmodul us, specific gravity, crystalline particle
diameter and crystallizatihen ratio at all. Unexam ned
Pat ent Application, First Publication No. Sho
47-49299 di scloses the reinforcenent of crystallized
Publgtasson clont afal he-2 hed o1 ydist 16378 phgs ehsalisétled from
the group consisting of R-eucryptite
reinfbi 26208 216 CRY t e Re g podturisridhar(ds Z0A 2@ - 45 @) 1203 dase
nepheline ((Na, K)Al Si04), carnegieite
crystAh20AE2 08128k 02)d ahihk(p-Aduasrt ¥ :RbagSk02)nerbbbuanehgss
the precipitated crystals, those containing
precReeUstypti i€, 18 sspadenehed and R-ijuart ziarie ivgtter i al s
havi ng a negative thermal expansion coefficient, are
(Li,$0bosprefeyabl epasutdres | EoAIMMELON ;) f ecor dkagp edcuncerning
substrate. Furthernore, when the crystallized glass

the €0Bh2EAS Pephebinenand sarmegieilezéd loass niot cited.
include 12 Ilithiumas a conponent, which can be

ef fBetd ¥@ 4 1ot he Bhemigalgo-einbor cenenik sead chysthen i zed
requires a tenperature as high as 590 to 730C for the

glasghgﬂgﬁﬁbséﬁiﬂﬁoﬁﬁgﬂﬁﬂlmeéoPé{@ﬁtiipﬁﬁiéﬁﬂiodﬁ‘ﬁfﬂéﬁ”e
as a substrate for the information recording nedium

Publ#ﬁg@gght kan, shBSg%@??@%@é enNOLq di sgussed ConcenNing (-

el ow descri bed Young's nodul us,” specific gravity,

: ne; pard | . . al }i-zati qn-
sso,fystalling pard ol gl ool and chustabnaiop.
eucrg%ﬁ%pg. resant hﬂf!gaé on: is éﬁg}@%%ﬂ'&ﬁo* Hddorgan s as

ositiron artic berl or e mechani cal

155 BRI GGCOSTL ot [SLPLANEE, SSpSsially B surace
rougﬁ%??%Lg%gggg%rgﬁggégﬁfgﬁ&ﬂﬁ%%%égégggggﬂéiéyﬁgsn%x%lﬂ@@
discussed concerning the described below Young’s modulus,
specific gravity, crystalline particle diameter and
crystallization ratio 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 B-eucryptite (Lip0-Alz03-235i0;), B-spodumene
(Li,0-Al,05-4510,), nepheline ((Na, K)AlSiQOs), carnegieite
(Na,0-A1,03+2810;) and B-guartz (B- S5i0), but among the
precipitated crystals, those containing p-eucryptite, [~
spodumene and P-quartz are materials having a negative thermal
expansion coefficient, are nct preferable as the information
recording medium substrate. Furthermore, when the crystallized

glass contains nepheline and carnegieite, it does not include



productivity, capable of dealing with the design
i nprovenent (design upgrade) of nagnetic information
recordi ng devices as described above, and havi ng
superior surface characteristics capable of
sufficiently dealing wwth the ranp | oad system for
11 thhivgha slenstdypasreeor divig dn dzot pe kg feptpivand nmagrethemical
recordi ng system and perpendi cul ar magnetic recording
reinsystemnbavidgiuliigh mechaniezala stargrgriiucapalsl éigh as
enduring high speed rotation and dropping inpact, and
500 €8NPt Ngrdetihd hehdrhieraml re iexansinem ¢ harcacthert stti ¢s not
and heat resistance corresponding to each drive
pref&PEPLAEAS . 2 ASudstesl trof woansirdeablte dresearctl iagd
tests conducted by the inventors of the present

medihfYentd adin :Qf-dernto saghisewe 233 nbhecabevesebj ecticerning
the inventors have found that an inorganic

the GONRQShLLOP; CONAL NG aibdid 2Q comanenitc andAL08
conmponent 1n the percent by mass ratio of Li20to

crys@&ggif‘n% Lbc?rgﬂ:iz@al ot 418854 hank 013,216 aldHing at

crystals and provided wth a conpressive stress | ayer

411,00 the surface can yield a markedly advantageous
“inorganic conposition article as conpared wth the
conventional inorganic conposition article in view of
the aforenentioned object, thereby achieving the

present i nvent iy, Er Lieqar e, the-fventors have

found that the “iInorgani'C coriposition article of the

present. i nvention has _high chani_cal__st.rengt -

P! P T iy it ARG R s P8t af pRogice an
, informati on recordi ng, devices and_a. s eriorilinp%ﬁf
inorpagist GHEROPFopRTt T FoT- robiP e appl Teattons “Hnd -

furthernmore conbi nes a heat expansi o rqpergy capabl e
stregpthr gadi FyeRonpat T BF 5 WEHE ur TIRCTU ettt ST EF T hat

it can provide a far nore adyantqggous suQ?traIgEmheqf
compgéﬁﬁép@daﬁpgﬁle used in the disk substrate for informatiocon

recording media having a low melting point and a high
productivity, capable of dealing with the design imprcvement
(design upgrade) of magnetic information recording devices as
described above, and having superior surface characteristics
capable of sufficiently dealing with the ramp load system for
high density recording in both the in-plane magnetic reccrding
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
each drive component,

As a result of considerable research and tests conducted

by the inventors of the present invention in order to achieve



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 consisting of |ithiumnonosilicate,
l[ithiumdisilicate, a- quartz, a-quartz solid

the sbbuti onjeatcrifst abaténmmndare daustdobdlait @énsghiogganic
solution. These crystals are ones which are superior

compbBit hen extnienen snpaithres® cbmpbeeabr asdvalidnicompoegent in
surface by controlling the crystalline particle

the peeecepttiayimmss amoitd ahd.icOysbaklli@at(lodnOdegsee. of no
Especially, the disk substrate and so on for

lessi Bhermat BpncteeoHrshing gk e Usiang doorigani erith a
conpositions such as crystallized glasses in order 14

compt@sashbeverébe objectopfridespresentcamventlion aekedly
preferable for use in the ranp | oad system

f
advaﬁ%é%@@ﬁgniﬁ®r§£§¥caé@hﬁé%ftiéﬂ)@%ﬁﬂdﬂéﬁééﬂﬁﬁﬂﬁared with
preferabl e especially for obtaining the

the EBHP?H€EBhQEGQRQ§§£ﬁ§g FBANLd 4 Ned BN 0 view of the

coefficient. More  specifically, the present invention

aforBﬁ8¥k98§e&h8%%8é{PWEﬁQ§eb§rb@hféJﬁHgf%ﬂ%“ﬁbeé@ht
I'norgani c conposition article contains a Li20

. mone 3 it ' i.L.h
e RRRIE L AA0) SO QB! R, Sy das e
inor%Lbéggeé%gg%apféggaP@iéfésofr¥“5(¥ séﬂgﬂiﬁvé%kion has

?s a conpressive ‘'stress |ayer set up
, .on the surface. In i i '
mghpeﬁ}sﬂiwaé Tereet SERERtr RO TRt A B Gien

i nc tal]i h , I d .
specihGobRoaft cBhsT SEPRIP oY TRE TR R e e B o

, disilicate, a-quartz, a-quartz solid . sol.ution,
lm?a&icF?§€855FF?ep5ﬁEeﬁt¥rF%fdﬁ%?}f% %Rﬁ%%F%ﬁﬂ%ﬁgknﬁan1 a
third aspect ,of the inorganic co it ticl
furtaesdrdengoreirhe #ifFstto Xg%%mnnpa@%g&%ggf ﬁéaﬁa%lee ©

conpressed stress . .
readily compatible with drive components, so that 1t can

=
L

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 monosilicate, lithium disilicate, o-
quartz, o-guartz solid sclution, o-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 crystallization degree. Especially, the disk
substrate and so on for information recording media using

inorganic compesitions such as crystallized glasses in order



| ayer is fornmed by replacing ions contained in the
surface layer with cations having | arger ion radius
than the ions. In a fourth,;gspect of the inorganic
conposition article accoréing to any one of the first
to third aspects, the conpressive stress layer is
to atbimed byeheatéony abdiisubsegsrit IYnveardpicd wreoglitedgrable
the article. In a fifth aspect of the inorganic
for ceaposi thenranti tbed aecormi nguir-éhamypoore dheyherdi ksta
to fourth aspects, the conpressive stress layer is
crystermedebyht be poarénpbantadponzlly aai xtthtadspect tofe
the inorganic conposition article 15 according to any
aforeRenéf ohbe figstefonddd t himspedd:artdieon commicieht. More
particles showing the crystalline phase is no nore

spectiRaRaT0% | Ant epABsOht PEF €N 1 By gass 410 Y Edinamifds.
percent by mass). In a seventh aspect of the
I nof gani £; cAMEsiddon Af tirG:@andeCRkfiRg it@cany renel ef
the first to sixth aspects, the nean particle
i et ; ' o Vist ald e
Contggggggigl%%fﬁgﬁ% tIg%%%ﬁfin?g%kﬂgﬁkgﬁzﬁgﬁéggkéct éﬁ
ox1cbRe LAY 001 G- EQDPOSHY LI, ALl & o AcCOpkagAgo ANy
one Of the fir

st to seventh aspects, supposing that

(Lizbf‘ﬁlzﬁ%t %SEngg}e?cg”%\ﬁe?% %Aﬂfi" b Wtﬂéi&diﬁ‘egsysléﬂ%, and

arti rov € conpressive s ayer in
a water bath is A _.a he [ O

i e T
provi ded with npr.essi.ve _ str.ess

R e
acco% gk agéctgg gsi%ign articAg @ggording_tqﬂgg%jpne(gase

: i FSt gfith ARPeTt SICHHEE® cdpdsT i o oft the
any bggr%gﬂégtggnEgghtégg Sﬁéﬁ§'§6§§?é¥fﬁér§% lithium
monosilicate, lithium disilicate, a-quartz, o-guartz solid
solution, a-cristobalite and o-cristcobalite solid sclution.

In a third aspect of the inorganic compeosition article
according to 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 subseguently
rapidly cocling the article.

In a2 fifth aspect of the inorganic composition article
according to any one of the first to fourth aspects, the

compressive stress layer is formed by the ion implantation.

In a sixth aspect of the inorganic composition article



conpressive stress layer is set up includes the
following (respective) conponents in percent by mass
in ternms of oxides, SiQ2: 5’50%to 90% Li20 nore than
4% and no nore than 15% and A1203: 2%to 200. In a
tenth aspect of the inorganic conposition article
accoP&LRf dtMgiP dihe of nitfe aSpect to e fcbnpesetion ohet he
i norgani c conposition article before the conpressive
cont St €55 plAyRElésS Selwidpy e udesitie ihel pbwiseglis no more
(respective) 16 ingredients, MJO 0% to 3% ZnO 0%
thant ®040% +&alk O%io I%: Ba@a% e #%re ShOn 0% percent
7% P205: 0%to 3% Zr02: 0%to 10% Ti02: 0%to
py m2dk) . K200 0%to 3% Na20: 0%to 2% and/or at |east
one selected froma Sb203 conponent and As203
conponent., QX Q 2% | B rannel eweryinaspechpbithen article
i norgani c conposition article according to any one of
acco%gfn%I {?t?ltlf Leoth- aspects, s+ the 4iNar0ani &Pesiet keln
rs crystallized glass. In a twelfth aspect, a

crystallized gl as J I i -
pax: PLYEL B LhEEH AL A0S, OB AR e HOIR Ltsat i
phasggggoggtﬁggea{ééglf &gpordlng to any one of the first

In an eighth aspect of the inorganic composition article
according to any one of the first to seventh aspects,
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 previcusly provided with the compressive
stress layer in a water bath is B, A/B is <Il.

In a ninth aspect of the inorganic composition articie
according to any cne 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,

Si0,: 50% to 80%,

7.i,0: more than 4% and no more than 15%, and

Al;05: 2% to 20%.

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)



el eventh aspects. According to a thirteenth aspect, an
informati on recording nmediumuses the crystallized
gl ass substrate for infor rlrgti on recordi ng nmedi um
according to the twelfth aspect. In a fourteenth
aspect, an electronic circuit substrate consists of
ingréheehPOy gani c conposition article according to any
one of the first to eleventh aspects. In a fifteenth
aspegt; @n @l esfronic circuit uses the 17 electronic
circuit substrate according to the fourteenth aspect.
In & xieert h@gspect, a substrate for optical filter
consists of the inorganic conposition article
accossli ngs ta, any  one of the first to el eventh
aspects. In a seventeenth aspect, an optical filter
i nc udesya  digl ectric multilayer filmfornmed on the
substrate for optical filter according to the
Si xéle‘@ptém% aspect . In an eighteenth aspect, a nethod
for 'produci ng an inorganic conposition article
| nc}%lbdesogot ﬁBS %)f i mrersing an inorganic conposition
cont4arnin 20 tonponent and A1203 conponent in
ter%{g of qxi.de O\Qlith the percent by nass ratio of
Li 20510 Ar20% ?Li“ZO/AI 2Q8) being no less than 0.3, and
addtn%é (‘Orggitoal?js} into the heated reinforcenent
H}e% Pt s Iuti"dn fso as to replace ions contained in
e_surface er of the inorganic conposition with
Cﬁﬁ{%?gs Yavith Yrarger ion radi 83 thanmtjhe I ons,
there setting up a conpressive stress |layer on the
sur*%&% of® ttﬁe%iﬁnoﬁﬁﬁir{ioé conposition. In ayni net eent h
aspect, a nethod for i norgani c

duel
con%%sjr??%*ﬁ %?i%@@?%tﬁ%&ggaeﬁ%z% ggienent and AszOs

component: 0% tTo 2%.

In an eleventh aspect of the incrganic composition
article according to any one of the first to tenth aspects,
the inorganic composition is crystallized glass.

In 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 reccrding 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



conpressive stress |layer on the surface of the
i norganic conposition by rapidly cooling after
heati ng the inorganic conqgsltlon contai ning a Li20
conmponent and A1203 conponent in ternms of oxides with
the percent by mass ratio of Li20 to Al1203
electkbROEAL2EB) of snivst esise tdam:0i3g and taddifnpdepsital s.
In a twentieth aspect, a method for producing an
aspetBorgani ¢ conposition article includes setting up a 18
conpressive stress |layer on the surface by perform ng
i onTn i 44 aptaddon dpddie ineiganirateoipesivbitanal filter
cont ai ni ng aLi 20 conponent and Al1203 conponent in

consE%EgBOthQé|Q@@r@hﬁfat@@m percem Dy inEss gatdreiiefy to any
Li 20 to A1203 (L|20/A12CE§ of no less than 0.3, and

one a@dmg %£¥§£a£§ = ACGOR dh NYspo-ds t went y-first aspect,
the nethod for producing an inorgani c conposition

artiz‘;_ £ ﬁ&&&{ﬂéé}&ﬂ Q AW+ ,0ng Qfpraight eenthrt @nciudes a
twenti et aspects t he |norgan|c conp03|t|on cont ai ns

dlel%%tglgrxﬁﬁekhé grpfﬁﬁﬁ ﬁérﬁédlgﬁsﬁhes§ﬂ5§%fgkér‘HBtéﬁ%lcal

roup conS|st| i um nonosi || cate [ithium

fl1tgksghcé§%§Pg a8u9££25l§%8%§%$2 §§% d solution, a-

Cri st’o nd a-cri ite solid solutlon

AcooLdLng. 0, & Lientyzseaond. aanects Jo thediethad tor

pro C|ng |n0rgan| CO#pOS| ion articlhe accor
rorpgtf ngpaﬁﬁﬁé %gﬁﬁgt?%%ﬁ%%‘érey%tmﬁf%‘ﬁteé&f S5t i o
e R o gsﬂlz%ég%%'tr”e gl asspcan
comeP L Kon“RrOBeSS, Ko vy by (he- TR | reAribit 5-2° °F

. 620C to 800C to performthe crystal _gro ng process..
Li20 ¥ efl2Gshé bhefed et oPRat? oRC pt BEass!e? , Pasd daing

crystals into the heated reinforcement treatment sclution so
as to 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 composition.

In a nineteenth aspect, a method for producing an
inorganic composition article includes setting up a
compressive stress layer on the surface of the inorganic
compeosition by rapidly cooling after heating the inorganic
composition containing a LiO component and A1;0; component in
terms of oxides with the percent by mass ratic of Li;0 to AlL0j
(Li,0/A150:) of no less than 0.3, and adding crystals.

In a2 twentieth aspect, a method for preoducing an

inorganic composition article includes setting up a



According to a twenty-third aspect, in the nmethod for
produci ng an inorgani c conposition article according
to twenty-second aspect, the glass raw materi al
contains the follow ng (réspective) conponents in
percent by mass in terns of oxides: Si02: 50%to 90%
comp18ssiv20strmre Tdhanr 490 arde rumizree tthapelS%rmdmd ion
A1203: 2%to 20% According to a twenty-fourth aspect,
implhftEheomethochd ofnopsadicei agnaus fitmanrganirt adonpos izfliief
article according to twenty-third aspect containing

compbhent obhe@wi N ( Eespeathyeln tompenent sxideonhss ime
terms of oxides, MJO 0%to 3% 2ZnG 0%to 10% CaO

perc@%’;tﬁ%@(&ss Bafk1 0%t o, 1% +oSnO00%1007% 0205 R%lkes
3% ro2: 0%to 10% Ti02: 0%to 5% K20: 0%to 3%

hanNB20; 0%t 0312% g and)of, conbined content of at |east
one sel ected from Sb203 conponent and AS203

COE[{%ngc Lvel ihe 1.BQEEani ¢nCeRposkthen f
article ojfmio AP 2%y His.ribe 1RpEgani ¢nCcenp or

he present ~ invention can dramatically

prosyBL0LE IV FIREL 2Lt000L1 aniredop, g of ekl
one bBf QEORLLON: frRgneL &, { £C0K dl 0. fdi umby: formang
composition contains as a crystalline phase of at least
selected from the group consisting of lithium monosilicate,
lithium disilicate, o~—guartz, o—guartz sclid solution, o-
cristobalite and o-cristobalite solid soclution.

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
compositicon is crystallized glass obtained by melting and
rapidly cocling 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 800°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-secoend aspect, the glass raw material contains the
following (respective} components in percent by mass in terms
of oxides:

Si0z: 50% to 90%,



the conpressive stress |layer so as to have achi eved
hi gh nechani cal strength and inpact resistance
property capabl e of endurhgg a high speed rotation.
In addition, as the application of the inorganic
conposition article of the present invention, the

pr eset: moventthan danaprdoubdeoas20hasubst y ated whi ch
becones capabl e of suppressing the elution of alkal

i ommijieeebrosoweth. the formation of the conpressive
stress layer on the surface, and has superior surface
r oughness: af tes 4 hevahragiowe th pisphicng se adet actkddcéor
the distance between the head and recordi ng medi um

prod@spegi ahl YynargsHbst fateoprefer able: dios ddveddifrey reat i on
recording medium electronic circuit, optical filter

twen%&cthk@ﬁeﬁﬂpggtOﬁbnﬁaﬁﬁfﬁ%fﬁﬂéEﬁgﬁiﬂwﬁﬂﬁ edhtetive)

i horganic <conposition article of the present

compbB¥RALI 04 &Spexpl ahned s DETALLER DESCR PTI ON OF THE
I'NVENTI ON The 1 norganic conposition article of the

pr I od don is one containing a Li20 conponent
an§§§Q2d% ni%gz%o’nent in ternms of oxides, with the

per t gatio of Li20 to A1203 (Li20/Al 208)
bei%%thF%éggsﬁ%ah 0.3, including crystals, and

hav'gg_a0§qg?r?§sive stress |layer set up on the
surface. he conpressive stress layer is set up

on %%@a urface, and when the conpressive stress is
for ‘H€°t% theni cal reinforcenent in particular,

t he HB?C)go ent becones essential. Furthernore, in
or det%t o Td$§$?ﬁ@ i norgani ¢ conposition stably and

i mprove bpe ioch di ffusion coefficient, the A1203
con%%ﬁen %j §%egsential . Furthernmore, in order to

facilitate the conpressive stress formation and
Zr0,: 0% to 10%,

Ti0.: 0% to 5%,

K,0: 0% to 3%,

Na-0: 0% to 2%, and/ocr

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

Thus, the incrganic 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 incorganic composition article of the

present invention, the present invention can provide a



dramatically increase the inpact strength, the percent
by mass ratio of Li20to A1203 (Li20/AI233) is
required to be no | ess tha 0.3, nore preferably no
| ess than 0.4, and nost 217 preferably no less than
0.6. In addltlon if the ratiois less than 0.3,
subsRrapeduntae bwmbﬁéaumﬂpabkﬁﬂdij5uypnaamin@e¢@weeéa$ﬁon of
to precipitate, and when these crystals precipitate,
alkait ibeconesstiddiwiti 4o chimiat itdre afeameexpansiessive
coefficient (+50 x 10-7C-1 to +130 x 10-'C-1) of the
strekBOLgaBE Con COMPOSHE fore ardridiess Whiredy dics: sequiared in
the present invention. On the other hand, when the
roughfkk9 Beecoresnt adgessitdhatinSshidg the dd 20 gentent the
I ncreases extrenely and the A1203 conponent content

dlstgﬁgéeﬁ@'@ﬁeeﬁh@h@"‘t@éﬁ&%ntﬂ%éﬁ&ﬂdﬂ% ridefief OltRs1 280y a
that the upper limt of Li20/A1203 is preferably 5,

sub5995§ep§95f5§§$Ye4fof”¥¥én¥ﬁf&uﬁgf¥§ﬁﬂﬁéé%rd%ﬁ@imédﬂ%m,

conpressive stress layer is described Al t hough the

elec%?%@?l LG rGQIPOSLLL On, Ardd dﬂ& of.dhe present

i'nven on can obtain an ntage to further inprove

the,  mechani Ca ’ 5% sg;%%tﬂhc%%d%%ntne&geﬂgcmorgamc

COITpOSI I on ore setting up the con'pr essi v

comppg& lon g lch Sett H&sd% ﬁ%gggﬁﬁ§l%?ﬁ% ﬁ%ﬁ%ed.

F-on i rssur ace ant age'i's  fur
el evated by crystals that t he i norgani c comnposition
contains. As a nethod of form ng the conpressive

el nf or coNGHETHEY h%-tﬁé‘ﬁt'f’tﬁmﬂﬁ‘n?ﬁts S ned i n

the_surface | ayer of the.inor an| gpgiltlon ar |cIe
bef Bt %fé?t?tﬁ&%p?%?é’%m & 8§§F%

. cations having |arger |on|c_rad|us than th

invepfiiPhetAPBE EReF@lated theltHbSrHP P& SPge@gﬁ‘PB

nmet hod by
component in” terms of oxides, with the percent by mass ratio

of Li,0 to Al;0s; {Li,0/Al1,03) being no less than 0.3, including
crystals, and having a cqmpressive stress layer set up c¢n the
surface.

When the compressive stress layer is set up on the
surface, and when the compressive stress 1is formed by the
chemical reinforcement in particular, the 1Li,0 component
becomes essential. Furthermore, in order to form the inorganic
composition stably and improve the ionic diffusion
coefficient, the Al,0s; 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,0:z {Li,0/Al.0s) is required to be no less

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



heati ng and subsequently rapidly cooling the inorganic

conposition article, and the ion inplantation nethod

of 22 inplanting ions intg,the surface |ayer of the

i norganic conposition article. In the chem ca

rei nforcenent nethod, the inorganic conposition
prefartbtyentslssaketzn o the fuseddihdbten}fsahe pitiofpe less

exanpl e, salts containing potassiumor sodium for
thanexafpl prspofassneimmi t f-atue (NG ior ssddituiennicecatre easy

(NaNG3), or the conmplex salt thereof at 300 to 600C
to pkerifibate, l2ndouien tHws ebyystdies ipprecipdhange it

reaction with cations such as potassiumions (K+) or
becoS0di HAFEOR: 5§ Nad) ohiayi Mocan mheh readiars i drarogers ftikdent

the lithiumion (Li+) existing in the surface |ayer
(+500% t b€ .icpor gani.c wonpasiti armtar b clige (Whergdric

inorganic conposition is crystallized glass, the
compSU¥itace Layer1of femmini ng gl assd Gomonereaiher than

crystals) is pronoted to cause a volune increase of

invehP€ohnorganic. camasitin atldchee andigenerahest herge,
conpressive stress in the surface |ayer of the

that!Egrgfﬁi%hgoﬂPQ§iééﬁyéf?tﬂdgf%as%%s%&k&@%eEQ_Qﬂd the Al,0s
the 11 ng be

i ncfeaseI'n ndi ng strength, an’indictor of
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rernforcenen 'S not  partic rly I'rmted, for
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surface and i nside of gl ass can _.be for.ned. ved
PurYRE non e TSR T (T CREETal T SeRFSEBS ent
met hod with t he above- described ch 'gg% t.r eat nent
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nore efficiently. .
invention can obtain an advantage to further improve the

mechanical strength, which the inorganic composition has
pefore setting up the compressive stress layer by setting up
the compressive stress layer on its surface, the advantage is
further eslevated 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 inocrganic
composition article before setting up the compressive stress
layer with cations having larger ionic 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



The ion inplantation nmethod is not particularly
limted, 23 but, for exanple, the desired ion(s)
is(are) bonmbarded with acagleratlng energy and the
accel erating voltage at a I'ével not destroying the
surface of the objective inorganic conposition so as
impltatinpl ashst het deshe eduidnds)ldyrw datheheariricsigenic
surface wi thout destroying the circunference.
compoYbsegHenttyc1as the occasion denmands, the heat
treatnment is perfornmed so as to be able to formthe
CPWHE9§§éV@héﬁid§¥5rdﬁﬁ@ﬁidéﬁe&hem&mmkﬁcethayénorganlc
simlarly as in other nmethods. In the case of a
comp%E%heﬁl =kei pf or cenepsxe@t hodind oNssedoptditned imitthef,
surface | ayer of the inorganic conposition article

for Qﬁgﬁ§§egh§a§9§p5§§§éY§1§§rﬁ@@aééﬁﬁﬂ dorgmii.on afe
rep d wth cations having larger ion radius than

exam%ﬁ@ %BEEgEgéﬁ)nig SveSPxkbAt INe LONR eSSirie St NeRss), or
S denhérate in e surface | ayer by the replaced

the %%%b%n?egg!%nghg LAF9eE Bbgntéa@? ?%ifgg exanpl e, ifburs.

contal nt ng excess um as a

Ther %nstl %gg%gvexgﬁﬁagg'Peggﬁléﬁpw§“ﬁzé%fa flthlun) aced

Yk o er ‘1on radius
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lameaﬁlﬁ?gls. o atPes bR (L Mg R e gt e
excel | ent I
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by alkali ion galkall rati og% he i hor an
COMPESHEESTt H6n CAVPIEr e 1 6Pt HE2PF esknt Svﬁ %‘ﬁ .J;

supposi ng that the elution anpunt of al aI| i C
remign "6f SLRE SaFPTEPEeRAvPRGSE heheonpf ¥857 v/ s%?e%léo ted to

| ayer set up in a water bath is A  and the elutio
causgmguie lgfie increase of the inorganic composition artlcle

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 reinfcrcement method is not
particularly limited, for example, by heating the inorganic
composition article at 300°C to 600°C, and subsequently
rapidly cooling it with water and/or ailr, 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 methed is not particularly limited,



24 alkali nmetallic ion of the article before the
conpressive stress layer is set up in a water bath is
B, ABis <1, in the nnrezgreferable enbodi nent A/B
is <0.9, and in the nost preferable enbodinment, A/B
is <0.8. The elution anobunt of alkali ion was neasured

but, b¥ot oaxameht et g rdgdyr e Measuremel ( sowriditcrdes dade wagh
follows. Utrapure water (80 nl) (at room

accel eppet Al U d r @ndaed dilsk -2 steiped: i ingr ganiteaeomios:i tieos 1
(65 mMmin dianmeter x 0.635 mm thick) were packed in a

not fkkOrpacky teddsinfacdryeromarsekdtd veahoutrg3@@df or 3
hours, and subsequently the disk was collected and

compEBELh@ﬁ' §81 98B 0T AT freasdirefente Was ey f dmed thieo
obtain the total anount of alkali ion (ug/disk).

artibecebn-beLow, i the.f easonsowhyy the pantdusl e dirymt er,
surface characteristics, p yS|caI property and

SubsEOTRAsE loﬁ Oéhep@£$é§i@§ Showdg, the afaest alddat@ent is
phase o e I norganic conp03|t|on article of the
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escri First, regardi e crystalline phase, in
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(orlglpal) ions, so that the compressive stress is generated
in the surface layer by the replaced cations having a larger
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 potassium ions and sodium ions, so that, as a result,
the elution amount of alkali metallic ion 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 inorganic 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



for exanple, by the heat treatnment of raw gl ass, they
are precipitated at relatively a | ow heat treatnent
tenperature, so that fine,grystalline particles are
precipitated, and a crystgﬁline phase superior al so
in the surface property and physical characteristic

alkaCanmbeaeast| yoobdaitted. 2 Furd herpmiee dhe aorgratsisieky
| ow tenperature region of the crystallization

streb8Npeyatuie ££9i QP im ahiched enr yisd &, | i@ fdlasds dh the
the above-described lithium nonosilicate (Li2Si G3)

moredPde kit BbUM oMbshl et en (A1 251 203, coexiist tHdhewost
crystalline particle dianeter is extrenely fine, so

preLéggﬁl@ LenBLkably, superi or<g syrface roughness and ring
bendi ng strength can be obtained, and the crystalline

phage, '%ldjt;lad@ta{n%ﬂty SYURENIAN Rt e s h@gsquﬂdbﬁ}glon

strengt ter the reinforcenent treatnment. In order
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Sive Ing and the realization of
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th ly A2
shapsgr&gﬁgcgngﬁgggmpn%%elon g§ es I %{@P(y 63@'&%

Furt her rore
. eferably 5%, and_the up JS r r %
thic r@eﬁ?eP%Fﬁﬁ vy 69% hﬁmngs?k pre er%%ly égg%fﬂué%qéé £o
e di_ment , en the inorgani c conposi-tion nDIded
aboutngg gngaﬁsﬁmg?%rEUCﬁn%s %? ?q%%%gf¥eﬁQ? %h:§he
i nformation recoding nedium the reduction of surf 4
collpghgAnase FRE)1GE FRECRERTT At DY aFT o7 T K] v -1 orme
finishing and_the superior nechanlcal ﬁ racteristics
to opgatRet8AbEPFAL e2MEFE IOt Nl kot et $n id éﬁ npr essi ve

stress layer_are 26 realized. In this case, as a
quéﬁ@?@@ﬁlW%nﬂh%@%ﬁs%}%/é'{bsﬂ the particle diameter,

surface 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 one kind selected from the
group consisting of lithium monosilicate (Li,8i03), lithium
disilicate {Li,51,;0s), m-quartz {(o-510;}, o-gquartz splid
solution {x-8i0; solid solution), a-cristobalite (a-810;) or a-
cristobalite solid soluticn {(®-35i0; solid sclution) having a
relatively high precipitation ratic and fine globular particle
shape.

Although these crystalline phases can be precipitated,



anmount, the diffraction peak area was obtai ned from
the X-ray diffraction pattern obtained by an X-ray
diffraction device (Phillhps, trade nane: X pert-MPD)
and the content was evaluated based on the
calibration curve. Furthernore, generally anong the

for akampheptbpnete kenpourss;nalt udghv dess,s ey are
possibility of slight alteration depending upon the

prectenpetatiuse rabgeivelPS Bow hdd RS merg- Siegpergtures,
establ i shed as the relationship of heat expansion

so teBeef Fiekeptgst Sl hiee thertbaled | awearpexpansiagred, and a
coefficient of raw glass in this series is in the

crystangenef phbfe £@padd2Or (x1do Oin the Guriads mhgrrty and
a-Si 02, etc. having a large difference in the heat

phys€%¥RaNghaRa60et{ €l @ntadriee pEosi Py taitetd nal gr €artheahpre,
di stortion between crystal and raw glass is likely to

in abeconeilafgerapdrinblHencee t Rey séd engtdhdfctialliization
conposition occassionally. Therefore, Li2Si3 is a
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In order to facilitate the reduction of surface
roughness after abrasive finishing and the realization of
superior mechanical properties as described belcw, the lower
iimit of the existing ratioc 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%.

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

and the superior mechanical characteristics in the substrate

after the formation of a compressive stress layer are



surface roughness nore snooth, it is preferable that

the 1inorganic conposition (article) does not contain

petalites including a-trig mte and Zn-petalite;

wol | astonite, forsterite, éiopside, nephel i ne,

clinoenstatite, anorthite, celsian, gehlenite,
realfiekdsparn tild etddee, anild idventdesuddemhandankipnaift erystal

larnite and their solid solutions, and furthernore,
amouh®, OLHEr gt ©f ARE N @h NpSalPes 1 &f weec haricaled stocengtty X-tray

Is preferable also to not contain tungstates
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i ncluding nagnesiumtitanate, bariumtitanate and

phlﬁﬁaggne§§a&ét§£ﬁée x Pyt ifes) diparinem ddritsddd eate,
55102 and their solid solutlons Next, as to

evalhg%ea%éégs ghat & %t§£l§$f§‘§101§3clgﬁ?€c“be above, with

e inprovenent of the surface recording density of

f
'hgsﬁﬁ C%Bngo%egc é‘%ﬂ@ﬁﬂlagnon e thead fJl.qati-Agnhei ght

in recent years, and
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snoot hness of Eg conventional | evel
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ue to a large, di stance bet t he. head d
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at t enpt ed, grotru5|ons of the nmedium (di sk substrate
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medi um Therefore,
a great deal, distortion between crystal and raw glass 1is

likely to become large and influence the strength of the
composition occassionally. Therefore, LizSi0; 1s a more useful
crystal in that the difference in the heat expansion
coefficient between raw glass and Li,3i0:; is smaller than that
between raw glass and «-5i0;.

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

negative mean linear expansion ccefficient. Furthermore, in



in order to not cause damages of the head and di sk
substrate, as well as the adsorption between the head
and mediumeven wth this_extrenely |ow floating
hei ght or in the contact fate, the upper Iimt of
the surface roughness Ra (arithnetic nmean Ra) is

ordeE’r ef erabb Y- o mps&idhan DAy 10ref enally faermane the
than 5A, further nore preferably no nore than 4A, and

surfggétr@uﬁﬁﬁé@@lﬂbﬁ@ & han 3A JMueovwe e ithaer dee to
obtain “such a snooth pollshed surface, the upper
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of m nute, cracks racks forned duri
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reduced. Furthernore, it becones possible

inclyfanat FEaFFyoF hpr BveE et mechahi Tt/ sﬁﬂrfe%{baﬁssaﬂdmﬂdﬂg
especially the ring bending strength of the inaorganic
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crystals and formng the conpressive stress I ayer_ on
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particle dianeter of crystalline particles is

soluprefigrably in the aforenmenti oned range. Thus, for

exanpl e, when the inorganic conposition is ,
Next, as to the surface characteristics, as describe

above, with the improvement of the surface recording density
of information recording media, 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 is
advancing toward a near contact recording system or a complete
contact recording system, sc 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. Ffurthermore, if reducing this distance is



nol ded into a substrate such as a disk substrate for
the nmagnetic recording nedium the surface recording
density can be increased; geflection and defornmation
are not generated despite2 otating the substrate
itself at high speed to inprove the recording

attefensl! Ypréheuyidiatd orelenddy unhi @ikikgluspeedte) and head
rotation is reduced, resulting in the decrease in the

coll€EEIOF nAynbersof bt a4 eadine: (MR e raitihe Therefore,
vi bration and deflection. Furthernore, because of the

in oSHRErLQr bimactse reshstantspropetasd et idnexgani-etrate,
conposition exhibits superb stable behavior agai nst
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Furthermore, in order to improve the mechanical strength and

neat resistance, the lower limit of the mean particle diameter
of crystalline particles of the incrganic 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 sc on
can be significantly reduced. Furthermore, it becomes possible
to dramatically improve the mechanical strength and especially
the ring bending strength of the inorganic compesition by
precipitating evenly such fine crystals and forming the

compressive stress layer on the surface. From these view



substrate at high speed. In order to deal with this
trend, the substrate material nust have high
stiffness and | ow specific.,gravity so as to prevent
di sk vibration due to the déflection during the high
speed rotation. Furthernore, when the substrate
poinfBt ethal mksnUses: i @11 4obi dreet €€ oy dli gy seglildmentpastuchkles is
as the head contact device and the renovabl e recording
prefde¥he9, int BRe Subst&md e Tt ed i @dngaist have mechani ca
strength, high Young's nodulus and surface hardness

suffici entdy durable 6011 heapplirgahiencolbeition is
specifically, after the formation of the conpressive
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Furthernore, even with a high stiffness, the specific,

stabgeaviehy vaast 26a1nst nbeedt RansD. Fnd hpwRviera taufdes §Fugision,

less than 2.2, it beconmes practically inpossible to
espeghiadily @s the information recording médium 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 a
transmission electron micioscope (TEM) . Furthermcore, the ring
bending strength refers to the bending strength measured by
the concentric bending method of forming & 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.



substrate having the desired stiffness. Furthernore,
regardi ng the nean |inear expansion coefficient, wth

t he i nmprovenent of recordiﬁ@ density, high precision

is needed in positioning t magneti ¢ head and the
(recording) nmedium so that the high di nensiona

acow-acy dre fiequiveediihor seachoeanpaneppeol roedibavity are
substrate and disk. Since effects of the difference

desckipbher ml edanyen aeref f el ertisrbebweeprbhe the
substrate material and these conponents becone

recoShORLT HEART + , the, didf erences fdy t41ase) Meakrd iiR€Rresently
expansi on coefficients nust be as small as possible.
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sion"coefficient 1 nh this range. wever, s
drive makers nay _use nmaterial s .havi t I ;
gravégﬁaﬁgi oR Jé%o%?%(Y%ril%n?lsS]ae‘{/ﬁ%\ THy T :%lr% trkﬁolrsrﬁ’lrearﬁigeéﬂeCt10n
.(about #70 - about +125. (x10Q;7 . C' as a,co nent .
durl%ﬁoﬁﬁ?hél%?o?%ﬁ%#ﬁ %E%%l?rias%ﬁﬁ&t%eir#)oéf%deé“’hte%n]gg%adl y
deal with the_quality of materjals of ..conponents to
SubsEEAGge AT T 6L kEopT b a Al ANCE vi 190 1HE S S-angtn 3 7uch
‘the crystalline systemof the inorganic conposition_ . _
as the PREJIPFEBEAET| RTRRET ofPd t e | BRIV 1R iheg Fevice,
mean |inear expansion coefficient is preferably nq.
the PEBSLERAR MALOI {X10WFeL 152 %hd"S Hertigiser Siﬁl%ﬁ%ge% ?fblgh
more than +130 (x10 C 1) in the range of 25 to 100C
Younghe PREEGERI eNEoMPBERER OREBFET LT S0l 1 e Hr gk shitrable to
invention is preferably a crystallized glass, in that
the pppeéasytien- obtaic ettt s f &&e6n searptieg of the

gl ass after
compressive stress layer on the surface, the substrate

material has preferably nc 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 duﬁing the high rotation 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 toc cbtain the desired mechanical strength.
Therefore, the substrate material must keep a seemingly
conflicting {(contradictory) balance between high stiffness and

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



pol i shing, and al so easy to obtain a high nechanica
strength when the conpressive stress |ayer is forned
on the surface. Herein belqw, the conposition range of
t he i norganic conposition3ﬁﬁll be descri bed. Each
conmponent of the inorganic conposition is expressed

modul AsREESENL DY ABSSqliviey nBs Al 1d desharHeygi more
“percent by mass in terns of oxides" refers to the

iLion.i L Cha SUpPPOSI j AJH tirates
pIEf%%nggokgn?eaﬁi%ﬁégr%§bsed égg?%gﬁ$§§%%§§%¢ialg'of tﬁgn
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i nvention, are o change into oxides
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nor gani'c conpositron IS expressed relative

total pass_of the produce xi de §q$§ B85 409 percent
thanbg'gﬁsgg aﬁ%Omﬁ%r%g%?glé%n%gs% 1%%1%) ?he preséh .

inventjon.is roguced for. exanple, by nelting a
SubSEIrasE Lﬁﬁﬁﬂﬁt%ﬁ?a eﬁé@?%gStﬁfgéégﬁfic conposi tion, and

after performn th%ﬁgPldin%iand l,ow _coalin miomn

f ur t WerD PRt m P e e dt T M SR §FgETOO

conponent is a veaé usef ul cog?Qnent j ch produces,. .
coefhyCERBThelt Thr eBE meRPIOT IR unt motfosT 174t 19 1hi urm ™2

disilicate, a-quartz, a-quartz solid solutian, h
PrecaSapPst BbRFFEBUSA" BAALELERT B¢ b iTAIRTH W AU Eh, the

which are precipitated as a crystalline phase. ,
(recre@@er , maAEHT} t §0cbhrenthe shid It ams 5ol afeiracy 1s

obtai ned precipitated crystals of the inorganic
requésrpodipti BACAr EOTRSLARTF eC8 onEREE™ t Fieb VB en 31 193ty

to becone coarse, and when the content exceeds 90%
Sinceheffeltengt ahd Abfdengnot ihetheEPryhnt T TOWPTSI tion

before the heat treatnment (referred to as a raw
coefifigriganiscbebwpesi thenpubserate material and these
components become significant, the difference in these mean
linear expansion coefficients must be as small as possible.
Components having thermal expansion coefficients arcund +30 to
+100 {x1077-°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 also required 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
(x1077-°C™*)) as a component. From the aforementioned reasons,
in order to broadly deal with the guality of materials of
compenents 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



likely to becone difficult, so that the lower limt of
the Si02 conponent content is preferably 50% nore
preferably 55% and nost preferably 60% and its
upper limt is preferably 96% nore preferably 85%
and nost preferably 82% The Li20 conponent is a very

meaniﬁ@ﬁéb%ﬂ%x?@ﬁﬁ@ﬁﬁn&oM@fﬁ@ieﬁiOﬂQQﬁﬁeiéii@lﬂnno less than
nonosi licate (Li2Si03) and lithiumdisilicate

+50 (kh3S1.206), Wi chhangdu.eci:piit-atied ras r e yekal kige (x10°
phase by the heat treatnment of the raw inorganic

7.0 €QNMPASKELO weyery whemy¢ds content is no nore
t(r?}an 4%(’L tﬁgnglr@eci pita%i on of the above-described

cr I s i kel . if.fd-qul s d e
sa?/réﬂ?i j?r%éf ééﬂi:r%l(%/? r%o%#eé:lt%lﬁ agagvtdil;égr%far??lc% gg%’égg&ti on

. is. likel di.f.f i , d t :
vl gl S Lt 2=PRERTEp L ELGPL Lo rfen, e BN o cacy
.system i ike

he I Ly to__bec parse and. its-.
to O&%’Irré“rlﬁncgl swggi%gt gﬁggcyif:% 3‘S%I?$E%fy‘?%% b@" Sréed%%ee, o)
that its lower limt |s preferably.pno less th 9
1gth
PolisHrtE9pr éf’gr\éﬁlsg %%Syaha ﬁ%g?l%raef%%n%lIyr}e%x%%g%lnds%%pg
upper limt is preferabl 15%.m);6e Igr feragl%é/ 14%_ .
Wheng RGBSR BF SR ErABE§ S 15394 STRE A 2D3 CONpOent® | Sr-ace-
preferable to i nprove the chen cal resifst nce and o
mecR&AF Rl PRarinesiss of SRS 5 oty arft B B4 oSi TN
Al t hough the type of precipitated crystal va,I{ai,es L .
Conp@SEEA@Ng 1R PReCRESE LPREat Mt ﬁi%ﬁ%%,o VY tnorganic
though taking various heat treatnment conditions igto
cCompeGASii@Er 461 6FPTERSEHdeR PEECPRECPYI TAte It HFIMAT ©
~monosi licate (Li2SiG8) and lithium disilicate
oxid@si.2Si 206) wi t hout solid solubilizing A1203, the
upper limt of the A1203 conponent is Fref.erabrly set
at Be¥inppPeepreteriabljaasun drrrmhstt prefdasabl iR to
Furthernore, in order to nmake the chem cal resistance
the aforfrhe iitdiongami @hich supposing that oxides, nitrates and
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 of the produced coxides taken as 100 percent
by mass.

The inorganic composition of the present invention is
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 Si0, component is a very useful component which

produces, by the heat treatment, lithium monosilicate, lithium

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



conposition superior, the lower limt of the A1203
conponent is preferably set at 2% nore preferably
2.5% and nost preferably_ 3% MO CaO BaO SrO and
ZnO conponents are arbitraﬁg conmponents to inprove
the nelting property of the inorganic conposition and

and 8tckNEtSBAR: tk NBo DI @V L COSM Sefiinth frd RRecipitated as a
precipitated crystals, and furthernore, effective in

crysPheCi PEt BhLBY. eathcafarst allenng tRacbiheke tofi sl i kBsURhan 50%,
nonosilicate, lithiumdisilicate, a-quartz, a-quartz

the %Bkégneéobyéﬁﬁ?ﬁitﬁtéﬁi& i e;anda-Gld.sfohal ite

solid solution in a globular shape as a crystalline

compBE?%?on'_Q%\/ﬁﬁs when scontai nedk i N exeess Mikely to

obtained crystals are unstable and the systemi's

becok}ékglﬁrgg bgggnﬁhgﬁﬁﬁg ﬁ?ﬁ&;té#‘@teécg@ecﬁsgrg@ﬂt t@*fe rﬁel'lecing

O“conpohent i s prefera no nore than 3% nore
r ef.er abl nor e %%ﬁf 2. BY ?Edépps[g fLef q_r,_@eﬁw
and ﬁﬁrglPHaﬁ¥ gg%@% Fu ‘e?ﬁ%ré?o & content of the CaD
0 nent _.i s referably_no nore than 7% r
treagpggngBF§EEBEﬁnf% thah 5% —and’Hos %ﬁ%ﬁéﬁ%ﬁ)%p%u?re
. re than 3% %E .content of, the Ba conmponent is .
LixepyefBr HBPG RS 5o Lhan 7% “HoT 6" ¥ o1 bl y ho 45 the Si:
more than 6% and nost preferably no nore_than 5%.,
compEHPThePABFEPH B RORTSME LY tHer S0 R OMhARe 14 ©5¢%, and
preferabji no__nore than 7% nDLSﬁﬁreferabLy ng nore .
mostt RERIETFLaHd  Host 2RPref 2rialF L notThor et Hairf 5%~y 2VE.
Moreover, the content of the ZnO_ conponent is
moreppEPéPaABPYYNBS fror 0 ¢ HBRS 1094 e FRF P bY efetabl y no nore
than 8.5% and nost preferably no nore than 7% In the
pr eBemtLia eWibensTthé SPROSSEUnpBREAE 3PS acTeereRt which
conponent functioning as a crystalline nucleus formng
prodagent Lishitnenphnos anfeteomposiiG:onangndicanBedagdedcate
arbitrarily.
(L1.81505), which are precipitated as a crystalline phase by
the heat treatment of the raw inorganic composition. However,
when 1ts content is no more than 4%, the precipitation c¢f 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 ccarse and its chemical resistance is alsc likely to be
reduced, so that its lower limit i1s 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 of the inorganic



When its content exceeds 3% the raw i norganic
conposition becones opal escent and devitrifies, so
that its content is preferably no nore than 3%
Furthernore, when the contént is less than 1% the
crystalline nucleus formation is insufficient and the

comp@éeﬁi@hta@ﬁQh%hﬁ%t@hb'E?p@h@§epk§cth€£ﬁedt@r?ét@ﬁ varies
grow abnormal ly,” so that the upper Timt of its

depeR@DLt&ndnishdrieler ablas 3%nand dhe ilewer kil krelight $aking
content is nore preferably 1% The Zr02 component

varléggcﬁégastré mdar |y R8 2200 fﬁ%&icdﬁ%Qﬁ%Ea%Q%H°n§ﬂtorder

r ot on Yy functions as a crysta i ne nucl eus

to p% f@#gﬁeagf% H%e ! d:norgani ¢ 1GQEpes| tiQn, h_béﬂuﬂrlso

e renmar ects onthe mnlaturlzatlono
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as me as ¢ en1ca| nce of
t he, n be arbitraril, )
uppeﬁoﬁf%ﬁ% # ?%%q£g¥%r(ﬁ¥ﬁF}6he&' ﬁﬁﬁnéﬁ%q xceggg%lg&f’

t he [ the i nor gani onpasi t .
more| PRererthl Pebthe T4 frath Framnid %' LhRfehirpere, in
referably no nDre than 10%. nore ferably no.J6

ordefsie TASH %h%%h%%s?e%“r%?aé}%l &G0t r@z‘lnlc
functions, simlarly as Zr 02 coqponegﬁr éﬁ

compPe hpbRnt UPHE A usEFul L SEponghtt Vi 8ﬁ|%ﬁmp0nem s
functions as a crystalline nucleus fornmation agent of

prefehabiofganitt <2torffvst tRIGH e it also hagth&ost
remarkabl e effects on the mniaturization of the

prefprekipi ated crystals and inprovenent of the
mechani cal strength as well as chem cal resistance of
t hélafat €idl Baghd Seéh abd 4rhi ceapPhgnaddeds WREBATEREY
content of the aforenentioned conponent exceeds 5%

compphenie| to ngnpfovdhechg ave i horganiapadnpes thiben dnprganic
likely to becone difficult, so

composition and at the same time prevent coarsening of the

precipitated crystals, and furthermore, effective in
precipitating each crystalline particie of lithium
moncsilicate, lithium disilicate, w-gquartz, o-quartz solid
solution, o-cristobalite and o-cristobalite solid solutien in
a globular shape as a crystalline phase. However, when
contained in excess, the cbtained crystals are unstable and
the system is likely to become coarse, so that the content of
the MgQ component 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 Cal component is
preferably no more than 7%, more preferably nc more than 5%,
and most preferably no more than 3%. The content of the BaO

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



that its content is preferably no nore than 5% nore
preferably no nore than 4.8% and nost preferably
4.5% Furthernore, in order,_to precipitate the desired
crystal, the conbi ned contént of more than any one of
the aforenmentioned P205 conponent, Zr02 conponent or

moxeTthncegFogﬁ@tmoé@ preferadly mo ress dHhan 5% nore
preferably no less than 1.5% and nost preferably no

Furth8ssotBan: R0 -dhe. k20 comonert dsnhefDiils e ferably no
conponent to inprove the nelting property of the

more! POEGANEC ﬁ@ﬂ@oiiéf@ﬁabﬁ?%@tmdf@ LISHE L | B PrRMent
coarsening of the precipitated crystals, and in order

prefEQagﬁgi %Ftﬁéﬁet&m@%n tReseeff eehs, cbhseaeNbentnkszno
preferably no nore than 3.0% nore preferably no nore

compiggr@ﬁﬁegﬁgg%@ggaegﬁgtz%@rﬁéfg abl ¥, noysmone, than 268%1y ne

conmponent is an arbitrary

morefﬁgggngpg%tOaﬁgp£8¥$d%£§%%$h%#EQKpw%%%t@%ﬁﬁ igm

gani ¢ ’’ conposi n contai ned 1 n excess,

is likely to cause __an..ncrease in.the clfit. d
cr yt? atferf‘%/r%repshed%e lﬁhvc?z}tﬁé’%7%%ael £67at7d Og}eﬂéast Fuseful
recipi.tated crystalline phase . Theref.ore i.t_.can be
compBRtal ABACEROAFANGE T 0" hOTC et I oPate the o ity adént
af orenmenti oned properties, and the up im.t. of i.ts
of t@BnLBAEIZPLCHEORT & thay 2% CH ﬁ#@é%» b1 176 rore
than 1.5% and nost preferably no nore than 1.0%_.The
Whensh363CeBRPBReRTCARTS t Aer W%%ﬁb%%ma‘? & ddtfett wd™
a clarificant when nelting_the inorganic, conposition,
becogfg PR218PEBRTt BNOLERVATTHEL®Tf 30 WS LhardFiddht 23
the sumof at |east one of these conmponents is no ,
prefgspbliyhaf 20D% “hdre3® pr et dBISANE nhé™ haf £O8%FNT 1S

and nost preferably no nore than 1.5%
less than 1%, the crystalline nucleus formation is

insufficient and the precipitated crystalline phase is likely
to often grow abnermally, so that the upper limit of its
content is preferably 3%, and the lower limit of its content
is more preferably 1%.

The Zr0; component functions, similarly as P05, as a
useful component which not only functions as a crystalline
nucleus formation agent of the inorganic composition, 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 become difficult, so that

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



The Y203 conponent, the W3 conponent, the La203
conponent and the Bi 203 conponent are those to inprove
the nelting property of the inorganic conposition,
and at the sanme tine pronﬁge Young's nodul us of gl ass
to higher level, and can be added arbitrarily. In

moreOtdeh t0suBkentihecdespres€qystad. ds. be obtained
readily, t he upper limt of the respective contents

of +hese RNt $inS1AQ1YDRE LhAN GrQfbndH @nd P;0s
preferably no nore than 2.8% and nost preferably no

compgﬂéﬁtghég a2y 26, FUELhes Moy €, witNen PR comppreMcdisr@n as a
environnental ly unfavorable one, so that it is

crysg§§F§§Q|ﬁuggﬁggo%grﬁ£§i&§ea§€htrEﬁ*EEESﬂ%ﬁ%ﬂéﬂﬁ% I'n

ion, C onents including netallic oxides of V,

compgé’t%n Lyt Gy 5 AP a.‘%ﬁ rh&Crenr i &S e s dd ANgh Bhe
COI‘lor F| er

0 s7glass are y to deteriorate other

._.characteristics,,so_t [ '
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. .produce the inorganic, conposition of the pres
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, af orenenti oned conposition is, melt nd.subj ect ed t

the F6Eetnatd AGCaRGROPSCOF AT B it 1, SISt alTianer Snipptent

erformed, that is, crystalline nuclei are farmed b

of PR “REAETPFEAPRERAL COBPOLREE ABOVES T oubsself Mk erid G the
a tenperature range with _the lower limt of_ 450C

rav gnergrBhFy CABBES I AnE" nof el PP LY er QP HeE | B AT S°
520C, and with the upper limt of 620C, _preferabl

thatsg@e, canderir RePTRBEE2PE BT BF dBPYE SHOE f ot Moo R ALY
20 hours, and subsequently the crystalline gromh is

no mgrenshed By EtheaRdatoftclf AERtalPhY att ehperat ure range

wth the lower Iimt of 620C and with an upper limt
of BooChermore, in crder to precipitate the desired

crystal, the combined content of more than any one of the
aforementioned P05 component, Zr0, component or Ti0; component
is preferably no less than 1%, more preferably no less than
1.5%, and most preferably nc less than 2%.

The K0 component i1s 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 tc 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 Z.6%.

Furthermcore, the Na;0 component is an arbitrary
component to improve the melting property of the inorganic
composition, but when contained in excess, i1s likely to cause

an increase in the precipitated crystalline phase and the



preferably 750C, nore preferably 685C, and at a
tenperature higher than the heat treatnent for about
0.5 to 10 hours. When the crystal nuclei formation

t enperature becones | ower 3{han 450C, the nuclei are
not forned so that the «crystallization does not

w. " i 801 he: { enpesafn£ 1 heC RS J10r enthafore,
a*teggg%gntﬁg %535 alcggommh beé?%es tﬁ% nuclei formation

it cShmLt I@nggﬁhxdogﬁu SraSfe thatndd bacomes amabie to

contro e crystallization. Furthernore, when the
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rower cryst ardl’y grow up to those
. havi n ref efrabl i i o
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exceeds 0C, crysta havi a | ow expansi on
moStppﬁﬁgﬁfﬁggyehgvgﬁf%a# §n2¥é@?bitated. The crystalline
phase of the inorganjc_c osi fi t hu S I
Dy Tie e EPRRPHERE FI0I Hes s BASroBREY iy 4i8e =
sel ected fromthe ﬁroup consisting.of Iitrg.lnjlon and in
a claghbdrpnatBen PRLhi UM HRSi TFCRIE T Q-YUH Y “ Al quarts
solid solution, a- cristobali%e agd a-cristobalite. .
ordegoltPd °B6RGRI RS RASSAnBaNn? pattt +%@%ﬁaﬁéﬁéﬁ9ﬁ S0 &F
nore than 1 pm nore preferablg no nore t?qﬁ 150 nm
leasagn@nfupth&ReRsr EOBPEReRabl ¥S noC | BRES t HaF 14 - 'him 4 ho
nmore than 150 nm evenly precipitates mnute .
preferybial 80 @Adei shabpérPbr FRASHPFacR  otigtmess anitPre than
mechani cal strength applicable to the disk substrate
1.5%f.or the information nmagnetic recording. Furthernore,
this inorganic conposition crystallized by the heat
t r eabaeXiiO:becopescohe haei HQ: themasetidni dal° d€rengt h
with a ring bending strength of no | ess than 300 MPa
comphefearce anthe heoBpres siompogiends $ ries theered CaRBPrAESMBAA
| i near expansi on
melting property of the inorganic composition, and at the same

time promote Young's modulus of glass to higher level, and can
be added arbitrarily. 1In order to make the desired crystal to
be obtained readily, the upper limit of the respective
contents of these components is nc more than 3.0%, more
preferably no more than 2.8%, and most preferably no more than

2.5

oo

Furthermore, the PhbQ component i1s an envirconmentally
unfavorable one, sco that it is desirable to avoid its use as
much as possible.

Tn addition, components including metallic oxides of V,
Ccu, 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.



coefficient in the tenperature range of 25 to 100C
having a lower limt of no |less than +50 (X10-7.
"C-1) and an upper limt is no nore than +130 (x10-7

iy

C- 1), preferably no nore tHan +120 (x10-7C-1). Its
Young's nodulus is no less than 80 GPa and the
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520°%. RFOTRErPoR SRAgnet FR5 rELbr T g HER R T A bapi] & foF
of dealing with the high densj{y recording.. _ . o
aboufy it her ABr 8CUESdi BMEcErPESAERRFLY ale? C¥Y?$%%%%?%r%&RWLh
. on the optical filter substrate material to obtain |
is prRECSPEi £l ThP| peRt EXRMPEEST Herai WafReratiffe predendtith
invention is explained in nore detail with reference
the fleverbddmiEnes; cRBweverd vhe) shoubkehotimbe ¢onst? Ued
as Iiniting the invention in any way. Inorganic
Prefeaﬁpéyiﬁ5§n§,AmpﬁeLpéﬁﬁerﬁbﬁ@aﬁgé Conpodidh oh temperature

higher than the heat treatment for about 0.5 te 10 hours.

When the crystal nuclei 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 nuclei
formation simultaneocusly occurs, so that it becomes unable to
contrecl the crystallization. Furthermore, when the temperature
of the crystal growing process becomes lower than 620°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



(Conparative Exanple) M Tables 1 to 3 show, in regards

to inorganic conpositions Ato L of crystallized

cl asses, which are inorganic conpositions according

to the previous invention, 38nd a crystallized gl ass

of an inorganic conposition (Conparative Exanple) M
selefcEAl Qo Qf ¢ HQ”EP&&;B‘%&Q%‘?Q@H@Q{E B UG Yson JBrimman

enperature of "a crystallized glass, a

u_thgmﬁ%%h;%ég’c&n &e§{9§£@£ yr§4%%yy%@ﬂd ne, Rhass,, -

ree o crystal an crystalline particle
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fi.cien near exp
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t he Ar d t hod, Y dI
morenEAgy oaCny anatt USRS T RO S ST Rg Toar s e 1
neasured accor dj to JIS 610, and. nean coefficient
nm agf pPpBgre E&ﬁaniggnﬂlﬁs FEHSHY SR Hedor i iy £ the

measur enent net hod, of  nmean coefficient of ear
crys¢RpansPeR 8rSBpETEar ghaserirar ¢ E%Se%p-e?é;tf%ﬁ%lamcal
described in JOd S (Japan Optical d ass Industrlal ,
stresﬂahdapa)u%béeoéob*yh%h%hﬁk Ny fet Hiehpetatthe YERgaton
to a range from 25 to 100C. The crystallized gl asses

magp@ﬁlpnéﬁgéﬁﬁénﬁonp05|t|ons Ato L are all obtained as
a glass conpact by mixing a raw material such as
oxi Ber tharborat &highd i iFatie i9pr@osdtiieons ifews tisg L 1zed by
Table 1 in terns of oxides, nelting the m xture using
the anatotdEﬁamynhebeﬁn@eappaeab@%l@m tenpeschanesa f rgmength
about 1200 to 1550C, stirring the nelted nmaterial to
withhenmogegebeypdifigr stngngth ¢6 mo disks stape, 3@hdiRodtddmye
it. Furthernore, the crystallized glass of the
the cpopgasitveorposkti ba Fbisedbiainete 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™Y), 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.

Furthermore, 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 more than 10A, more preferably no more than 53,
further more preferably no more than 44, and most preferably
no 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



as a glass conmpact by mxing a raw material such as
oxi de, carbonate, and nitrate in a ratio shown in
Table 1 in terns of oxides, nelting the m xture using
an ordinary nelting apparé@us at tenperatures from
about 1400 to 1600C, stirring the nelted material to
reco?gﬂgg 841, fOr NG ic 1O A disSkho8ap&nand (e@okirg
i 1. Subsequently, this glass conpact was crystallized

subsg%aageﬁéﬁéffﬁéﬁm%gnLﬁ@’ nitdie,Cl @USf ORABLhQnetic film

ndrtions an crystallization condifions to obtain

desi . - ot 1 . r ation
and, E:?)g/sfg lgggag{%ﬁt@éﬁéffﬁd,ap%g%ﬁﬁ tthﬂ:gBé& trng' $r foundat

al'l T zed gl ass was # to 2000#
di llets_f : , m_nut es,
Layof TRREPELLEL P AROU L Q.20 (U LR R, LT f2mec

avi a an _particle di ter._.of. 3 un for
on tgbauggiﬁ ?ggﬁEfﬁk?ﬁWﬁﬁ%ﬁﬁaéyg%%ﬁFﬁ%ﬁ%i%Jgﬁ?b ﬁ%ﬁ%f%? of
articles showng.,a crystalli hase, of, .each .
magnBEyEt SPFP IR g1 BEL RIS Db el et ed Wit
. .a transm ssion el ectron m croscope gTEW&. In o1
highad@nEibh, TERRrCHYEt al YIS SYPe Cof CedeR-EFySEEl PPhEL-1ayer
__ particle was identifjed SéLXRD anal ysi s. ,
£1lmgipsEQEBATI 97 Bhe ofpF eea} “Jsht%s%i@%%@twtcﬁ%&&sé&
under different conditions on a substrate surface of
obtaipn tbbtaPhed2}nbkgahiec conposition article including
i norganic conpositions Ato L or inorganic
conposition M Specifically, the article was inmrersed
in a fused salt that is potassium containing and/ or
sodi um cont ai ni ng, for EXAMHILES potassium nitrate
(KN®B) or sodiumnitrate (NaNG3) or a conplex salt
t heifeofinaitamnpdrataressnf dmv3os ive 660€xbdR10es g more
12 hours.
detail with reference to embodiments; however, they should not
be construed as limiting the invention in any way.
Inorganic 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
compesitions according to the previous invention, and a
crystallized glass of an incrganic composition (Comparative
Example) M, a ratio of component composition, 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, a value oIf

Vickers hardness, a mean coefficient of linear expansion, and

an elution amcun:i of alkali ions. Herein, specific gravity is



Tables 4 and 5 show, regarding Exanple 1 to 38 and
Conparative Exanple 1 to 12, a formation condition of
conpressive stress (Type of each fused salt, immersion
tenperature, and innersion41ine), aring flexura
strength, and r2/rl, which is a ratio of a ring

meashbEXUER! 8L T RAGL Tnddes Defanad he fiolgmd imRQfus is
conpressive stress layer, and a ring flexura

measﬁ553n9§ha£Zuf{£§£oﬁf@1ﬁéﬂﬂ3ﬁ)(vléﬁeﬁgﬂﬁﬁﬂ%ﬁﬂé%ei%th%%%ured
ayer. A ring flexural strength was cal cul ated by
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ter and mmin 43 thickness, obtaining a
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e s%%fﬁﬁ@era? SRR P EioT Sl g e RatA
oW n equation 1.fro | nside di ter,
roomo%?@PaﬁagPﬁﬁegg??rgbe%iE&q#ﬂ?%iné%%ﬁm%kggﬁgggnﬁggss
rati o, and br eakin d of, the. di,sk. B h2
Tnaup e Rl S FoRet DAPIoNY L DRSS o o LR e
b> Ina =-_=- - 2(1+v) a2-b2 b 1-v a2-b2 b
to a(pandei 6A°M) 2°HePelP denotes a breaking load. "a" a
di sk outside dianeter, "b" a disk inside dianeter
"hTRe dFEH6 T ckFES I 3E S WE D OPGirds6n COTPRELG10RS A to
) separated crystalline phase and a degree, of L
L arerpstaPPraipyd(exi 3t ehees ra@Tret Partieiy shdwvhgaferial

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 coocling 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 homcgeneity, forming it to a disk
shape, and cocoling it.

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

2000# diamond pellets for about 1 to 20 minutes, and then



crystalline phase) were indentified with an X-ray
diffractoneter (Philips, trade nanme: X pert-MD), as
well as a scanning el ectron mcroscope and an energy
di spersive analyzer (Hitaéhi, trade nanme: S-4000N;
Hori ba, trade nanme: EX420). 44 Table 1 Inorganic

pollggggogb% gf% I%QJJJ_Eth g*rp%\a]}_:%rgaé-lfeci %se%ﬁ u.ilﬂ @%1@e§6hﬁv1pg

a meLl‘Z%aJéQiné‘ %\%@ Qf) %g 37§9Té cﬁzole]sso £L,0 a%le*‘z 1@ 2500120

ass conposition CaO
ercent by Ba02 5 mass) Zn005 0.50.56.05.1 sroO
7°1.0 Zr022323232420 Ti02 3.0 Sb233 0.2

Y00° TS0 RIE S L TN E 4 8785 160 CITRLG ¢

mlnu%

monosi licate 5. I e

crysaﬁigweaP aieoog %a%% %rySt‘%)%a% agnlga a- quartzrgb&aén(?%was
3.4 - -

determined WltgreetranSMlSSlon electron microscope (TEM). In

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

Subsegquently, 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 {KNO;) or sodium nitrate (NaNOz) 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, immersion
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 a 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



crystallinity a-quartz solid solution - - - - 2

(percent by a-cristobalite - - - - - mass)
a-cristobalite solid 9.6 10.5 solution p-quartz solid
solution - - - - - Total 63 9.5 32.2 9.6 12.5

Young's nodulus E (GPa) 90 93 96 83 82 Specific

thlcgﬁ§¥ ty gtégﬂfﬁ@)a %o e i 248 p%H 2ondenftQURI'rSng
?Spe0|f|c gravity d 37.50 38.27 38.71 32.55
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1oadthRSr8%“5§ &é» §4é£§§%%é%¥)§ﬂﬁ)$%%%g the following

equapdPBnti HROTi e %%?3Q% Glameter GYs RS Greter. a

disk tggekgggg? éC%OE§§O650 §§§l§90 &'a breaking load c¢f the

disk. ... Retention tinme (hr) 3 3 3 3 3 Eution
anmount of alkali ions (pg/disk) 2 2.3 1.8 0.32 0.54 45
Ta%&F I norgani ¢ conposition E HI J Si02 69.5
68.32' 6 7 0 2.52.32.0 A2
%5 [y o5 O 319)+E? %(% Bes 07- 07. 09- K20
.0 2.9 2.5 2.5 2. s
1w N b? n 2 ‘wa20+v)2b zmi
2(1+v) a’-b* b l1-» a"-b” b

(Equation 1)
Here, P denotes a breaking load. “a” a disk outside diameter,
Aol é disk inside diameter, “h” a disk thickness, and “v" a
Poisson's ratio.

A separated crystalline phase and a degree of
crystallinity (existence ratio 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 microscepe and an energy dispersive analyzer

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



Na20 Gass \ypO 1.7 1.7 2.0 1

0.5 SrO1.0 1.0 Zr02. 2.0

1.41 Lithiumnnonosilicate - -

5 0.8

conposition CaO
(percent by BaO 1.6 1.6 0.5 nass) Zn0 2.8 2.8 6.0 6.0
00.52.3 Tix2 3.0 4.0
3.0 3.0 Sbh203 0.2 0.2 0.2 6 2 0.2 As203 Y203 Tot al
100 100 100 100 100 Li20/A1203 1.00 1.00 0.78 0.82

crystalline

Lithiumdisilicate - - - - 28.8 phase and a-quartz -
Tabli % 2.0 degree of a-quartz solid solution 2.2 - -
.4 - crystallinity (percent by a-cristobalite -

InoPRSSy @medsisicmbal ite solid 108 9.3810.0{d0.8|» E
solution @g%quartz Solid solufian - 76.x rielatak712. 566.7
9.3 10.0[%3,2730.8 Young s noglyl Us 2B (CGPap 83283 8325
85 102 :%Eblllb gravityd—(g/+ns) g 49275027438 2.[49;
2.46 Younrg=s nndqlus/Specifi grayity; B 33733533720
34.16 34.1%8%1. 46 Mean-coeffitiont—of || Rear— s
expansi on®M1 99 82 93 66 (xi10-" CI: b\ _é-lcécg VaaR’
crystal lijffe-“particle diameter| (an) 10 10/10_10_30

c1oVi ckers hépeness (Hv) 610 600/ 590 6Po%72p-8 2.0 1.5

composition Cao

(percent by Bal 2.5

wasS) 700 0.5 0.5 0.5 |6.0 5.1

Sro 1.7 1.0
Zrs; 2.3 2.3 2.3 2.4 2.0
Ti0, 3.0
Sb,04 0.2 0.2 0.2 0.5 0.2
As5,03
¥,0; 2.0
Total 100 100 160 100 100
Li;0/A1,05 1.43 |1.41 |1.41 |0.83 1.00
Lithium monosilicate 5.0 7.0 - - -

Crystalline Lithium disilicate 1.0 2.0 28.8 | = -

52;?:6322 o-guartz 0.3 0.5 .4 - -

crystallinity o-guartz solid sclution - - - - 2

{percent by g~cristobalite - - - - -

mass) a-cristobalite solid _ _ _ 9.6 10.5

solution
B-guartz solid sclution - - - - -

Total 6.3 9.5 32.2 | 9.6 12.5

Young’ s modulus E (GPa) a0 83 96 B3 B2

Specific gravity d {g/cm’) 2.4 2.43 |2.48 |2.53 2.53

Young’ s modulus/Specific gravity E/d 37.50138.27|38.71132.55 |32.41

I efficie f linear ion

ffig,ﬁi ){25350515) &I expans 63 65 80 85 93

Mean c¢rystalline particle diameter {(nm) | 10 20 40 10 10

Vickers hardness (Hv) 680 720 740 600 510

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

[Retention time (hr) s | 5 5| s 5

Crystallization temperature {°C) 645 660 685 £30 710

[Retention time (nr) 03 3] 3777 3]
Elution amount of alkali ions (ug/disk) |2 2.3 1.8 .32 0.54




Nucl eus formation tenperature (C) 570 570 520 570 540

R R Rgtention time (hr) 555 55
Crystallization tenperature (C) 670 680 690 690 710

Table-2-------mmmmman mmee e oo - Retention time (hr) 3 3 -
BB Bl BB e et Bt DR G PGSO —40
Inopgapic FORRCSACER 1. 20 46  Tabl e B3 (_‘nrlﬁar ative _ilhorogahic

conposi ti|6A%K L Example M _Si0%-75.3%75 358 pshs’ o| -3
8 A1203|7.%Z 24 Li209.9 9.9 %42 KIG-2 2| Na20| MO D? &
0.8 1 das®.conposite on CaQ 1.0 (p€reenty BE 1 | /-9
mass) ZnO1P,05 0.5 0.5 SrO Zr02 2. 37203 27.CTi 02.2. 5| 9.9
Sh2@3 0. 2%0,27As203 17 Y203 Tpfa 1000100z E00 | 2.5 2.0
Na,O
Glass MgO 1.7 1.7 2.0 1.5 0.8
composition Ca0
{(percent by BzO 1.6 1.6 .5
mass) Zn0 28 2.8 6.0 R T
5ro 1.0 1.0
Zr0, 2.0 2.0 0.5 2.3
TiO, 3.0 4.0 3.0 3.0
Sh,0s 0.2 0.2 0.2 0. 0.2
As5,0;
Y,0,
Total 160 100 100 100 100
Li,0/A1,0; 1.00 11.00 |0.78 {0.82 1.41
Lithium monosilicate - - - - -
Crystailine Lithium disilicate - - - - 28.8
phase and o-quartz - - - _Z 2.0
degree of a-quartz solid solution 2.2 - - 2.4 -
?;gizziilgity a~cristobalite - - - - -
mass) a-cristobalite solid 10.3 9.3 10.0 10.8 -
solution
B-quartz sclid solution - - - - -
Total 12.5 8.3 10.0 [13.2 30.8
Young' s modulus B (GPa) 83 83 83 85 102
Specific gravity d (g/om’) 2.49 [ 2.50 |2.43 [ 2.49 |2.46
Young’ s modulus/Specific gravity E/d 33.33]33.20|34,16|34.14 | 41.4¢
Mean ficient of 1i r expansion
(xlo-vc_%%fi)C(ZS_EO%IQCl)mea ? 101 |99 |82 93 66
Mean crystalline particle diameter (nm) |10 10 10 106 30
Vickers hardness (Hv) 610 600 590 610 720
Nucleus formation temperature {°C) 570 570 520 570 540
Retention time (hr) | 5 57 s 0 57 s
Crystallization temperature { C) 670 680 690 690 710
Retention time (nr) | 3] 37T s 37T
Elution amounit of alkali ions (pg/disk) | 0.49 0.71 0.53 0.60 1.20




Li 20/ A1203 1.41 1.41 0.17 Lithiumnnonosilicate - -
Crystalline Lithiumdisilicate 29 30.1 - phase and
a-quartz 15.6 34.8 - degreg6of a-quartz solid solution

- - - crystallinity a-cristobalite - - - (percent by
mass) a-cristobalite solid solution p-quartz solid
TableoButlon - - 70 Total 44.6 64.9 70 Young's nodulus E
N 09 .06 00 N Colef. el \Ilf\l d (g/r\rﬂ) o MY, by Mo /IO
2n55a:Mouﬁ@oﬁxﬁmdulus/SpeC|f|c gravi t yiE/ d 39;§§m jT
3529 Mean—aeffH-etent—of—ti neat pansToTo iz
(x 0-' C -')f25-100C)Mean cry~ga!..h partiele
di amet er (k100 120 60 Vi-ckefts hardAess—{(3v)—740
740 680 Nucilefis_formation tenperature’(C) 5407%540_700
___________ I 2 Y - - T -2 S i
___________ o [ g E
Retention tfimeo (hr) 5 5 10 Crystallization
> 1
semerature o) 759 o o s e
coposition  T[Cab ~ T Tttt e
(BErceat by -E}-a-o- =rrReremT o trng(nr)y 75 o LU - Erutl on
abnynt o¥ abxaH—tons—{ugtti-sk)152—1A8—47 fabte 4
200 : .57 T, Q. |
| mrer si on Plg% Type-—of-—tenperatture—|-Aerst-on—exura
*-2/rl :
270, 2.3 2.3 2
Ti0; 2.5
5b,04 0.2 0.2
As5,0; 1
Y203
Total 100 100 100
L1,0/A1,0; 1.41 1.4% 0.17
Lithium monosilicate - - -
ithi L8111 3 -
Crystalline Lithium disilicate 29 30.1
phase and a—quartz 15.6 34.8 -
degres of a-guartz solid solution | - - -
crystallinity a-cristobalite - - -
t b
{percen Y a-cristobalite solid
mass) X - - -
solution
B-gquartz sclid solution - - 70
Total 44.6 64.9 70
Young’ s modulus E (GPa) e8 96 S0
Spacific gravity d (g/cm’) 2.47 2.48 2.55
Young’ s modulus/Specific gravity E/d 39.68 ;1 38.71 35.29
Mean_jcoaefilt:lent ozo linear expansiocn g5 1192 3
(x107°-7C ) (25-1007C)
Mean crystalline particle diameter (am} | 100 120 60
Vickers hardness {Hv) 740 740 680
Nucleus formation temperature (°C) 540 1 540 j700
Retention time (hr) 5 5 10
Crystallization temperature (°C) | 7301 750 o reOC
Retention time (hr) 3 3 10
Elution amount of alkali ions {pg/disk) | 1.532 1.48 -




fused salt (off) time (hr) strength (MPa)

500 -

Exanpl e 2 KNO3 450 3.0 33087
3220 6.4 Exanple 4 KNO3 45

Conp

arative

Q Exanple 1 KNO3 450 0.5 1150 2.3 100 Exanple 1
6.6 Exanple 3 KNOG3 450 6.0

12.0 3480 7.0 Exanple 5

KNG3 350 0.5 770 1.5 rrt Exanple 6 KNO3 550 0.5 1050

Tablg.; o Exanple 7 KNO3/NaNO3 380 3.0 1940 3.9 >
mple 8 NaNO3 380.3 .0.2230. .4 6.0 Congp tive

50( - 0 Exa n 2 Exa AknRerSi 450 0.5 2.1 0
H |Exanpl e 1_; 0 32706 im?{ers*on %)‘%gﬁ’ﬁ rpqrl
KAFB f59 6.0} ECExanpl 12 kNdB 420,12.10 3140
©u S Cagi e v vE 10 T EXan
%Méiﬁ@@iﬁf‘w 1270 2.5 | p Exanpl e "15 KNO3/ R4NO3 480 3.0
£780Q, 3,56, LO|R¥aUpl € 16 HANE 390.3.0 21004, 2| 2.3
Comar gt ve 530 = U SeaDI e 3 M EXAMDT 3360 KNUE 450
O IO bt A KNOS 450030 1116002 8 | 9140
5 Ez,;gno(l,e,qmrf’“og"” O s OO R Al Ry e Y U
O | Example 5 | KNO, 350 0.5 770 1.5
= [ Example 6 § KNO, 550 0.5 1050 2.1
S Txample 7 | KNO,/NaNO, | 380 3.0 7520 3.9
o | Example 8 | NaNO, 380 3.0 2280 4.6
Q@ | Example 9 | KNO, 450 0. 1050 2.1
= [Example 10 | KNO 450 3. 2700 5.1
. | Example 11 | KNG, 450 6.0 2800 5.6
% Example 12 | KNO; 450 12.0 3140 6.3
9 | Example 13 | KNO; 350 0.5 580 1.2
| Example 14 | KNO, 550 0.5 1270 2.5
é' Example 15 | KNO;/NaNO; | 380 3.0 1780 3.6
w | Example 16 | NaNO, 380 3.0 2100 4.7
| Comparative
5 Exa:ﬁple 3 - " B 530 )
& [ Example 17 § KNO, 150 0.5 B10 1.5
E- Example 18 | KNO, 450 3.0 1260 2.8
o | Example 13 [ KNO, 450 6.0 1730 3.3
% Example 20 | KNG, 450 12.0 2140 1.0
¢ [Example 21 | XNO, 350 0.5 630 1.2
E; Example 22 | KNO; 550 0.5 1010 1.9
g | Example 23 KNO,/NaNG; | 380 3.0 1350 2.5
o | Exemple 24 | NaNO, 380 3.0 1860 3.5




o Exanple 21 KNG3 350 0.5 630 1.2 ~r Exanple 22 KNO3
550 0.5 1010 1.9 O Exanple 23 KNO3/NaN03 380 3.0 1350
2.5 n Exanple 24 NaNG3 38983.0 1860 3.5 48 Table 5
Type Ring |Inmersion of tenperzture Imrersion flexural
r2/rl  fusee time (hr) strength salt (0Oc) (MPa) o p

Tabl&omparative 360 - 9 o Exanple 4 o w 0 a n Exanple 25
KNOR._450.12.0.3340..9..3 .. K00

D

MR-t e—340)
2n R
o Exanple 5 o fT{F n [Hm&xanpl e, 26 KNOB.A50, 12. 0 3120
9.2 Hn 0 h Cpppagati®erg=330| ;. Q.Exampbe6:tnd O
ey D
salt (MPa)
= § %" Comparative | _ a _ 360 _
g 8 Example 4
fogte
&
5B | Example 25 | WO, 450 12.0 3240 9.3
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(Li,0/R1,03), crystalline phases, degrees of crystallinity, and
mean particle diameters of particles showing a crystalline
phase are different. In crystallized glasses of inorganic
compositions A to C, the crystalline phases thereof including
at least one crystalline phase selected from lithium
monosilicate, lithium disilicate and o—guartz having a mean
crystalline particle diameter of nc less than 0.01 um and no
more than 0.15 um, 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-quartz, 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 um, 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 i1ithium
disilicate and o-quartz having mean crystalline particle
diameter of no more than (.15 pm, and all crystals are minute
and in substantially spherical form. On the other hand, in a
crystallized glass of inorganic composition M, the crystalline
phase thereof is a B-guartz solid solution having & mean

crystalline particle diameter of 0.06 pm, and all crystals are
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I NPt Gonpesiitl anaMdofiaborpar arbyer&xagpEeamples 1 to
rati os of Li20 to A1203 (Li20/A 2C3), crystalline
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di aneters of particles showing a crystalline phase

stre@bendi ffereMp1dd crystal ldzed gl asses ofcHarorganirg ng
conpositions Ato C, the crystalline phases thereof

flexiflflgi UE’JI;?%T%@H b easinone cryst@aldrigie phase sel ected

rom m nonosilicate, lithiumdisilicate and
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of no I'ess than 0.01 pmand no nore than 0.15 pm and

was §££p85¥§t9£§e9r§ fQ§%ﬁﬁ%5HH£ﬂfbn that a substrate was

immersed in a fused salt that is potassium nitrate (KNO3;) at

Ex
0.

450°C for 12 hours, r2/rl, which is a ratic of a ring flexural
strength r2 of Comparative Example 13 and a ring flexural
strength rl of Comparative Example 12, is 1.4, which is less
+han 2. This is because the Li,0/Al.0; ratio of Comparative
Example M is a low 0.17, the progress of ion exchange cannot
be performed smoothly, the ratio of amorphous glass, which
exist in crystallized glass having a degree of crystallinity
is a high 70%, is low.

On 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
laver 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 additiomn, r2/rl, which is a
ratio of a ring flexural strength of Comparative Example 1 in
Table 4 and a ring flexural strength of Example 4 under the
same aforementioned immersion conditions, is 7.0. This is

because the Li,0/Al,0s ratic of Example A is 1.41, the



substantially spherical form Furthernore, in
crystallized gl asses of inorganic conpositions Dto
I, the crystalline phases rereof including at |east
one crystalline phase seleCted froma-quartz, an a-
quartz solid solution, a-cristobalite and an
crys@aClisiopaliédee sof iad sof B.iTn kand ridpea masd of amorphous
crystalline particle dianmeter of no nore than 0.05
glas¥m waneh abk: €f y siral Srgies i imdde cdrdd,n isubistantial |y
spherical form In crystallized glasses of inorganic
conposi tiions ki@ khdtke terysiakl biefpbasesalhewesf
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fixed condition th t bstrat
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for 12 hours, r2/r| h t f .
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ring flexural strength rl of Conparative Exa
degrpg efACTiRFRALIBITESEES LA 207 THS ?%“Tb%ac%sen?%e“ample

Li 20/ A1203 rati o of Conparative ,
C where the degree of crystallinity was high, 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 ratic 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 ratio 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



Exanple Mis a low 0.17, the progress of ion exchange

cannot be perforned snoothly, the ratio of anorphous

glass, which exist in crysballized glass having a

degree of crystallinity is a high 70% is low. On the

ot her hand, under the sanme conpressive stress |ayer
of ctpshalloniconthetien; o earBakl ds detonsfpaecase where

dramatic effects in which the ratios obtained thereof
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a conpressive stress |layer was disposed in the
saltExanphenfnof sdable #ong hes rdwnig-aflexuy aemstgiengt h

cal cul ated thereof is 3,480 GPa, which is the highest
comp@bsthee Exampteslater atdi4 i gmry 2ims. which is a ratio

of a ring flexural strength of Conparative Exanple 1
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under the sane aforenentioned i mrersion conditions,
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calculated fo
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between immersion temperature and ring flexural strength when
potassium nitrate (KNOs;) was used as a fused salt and immersion
time was fixed at 0.5 hour, in each Exampie, a far greater
ring flexural strength was calculated at 430 °C in comparison
with 350°C, and an approximately equivalent or greater ring
flexural strength was calculated at 550°C in comparison with
450°C. Generally, during the icon 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 amcrphous glass, a crystallized glass can be immersed in a
fused salt at a hicher temperature due to the high

thermostability thereof, and in order to obtain the same ring



C where the degree of crystallinity was high, in
Exanples 17 to 24 where a conpressive stress |ayer
was formed, a higher ringsklexural strength was
calculated in a case where sodium nitrate was used as
a fused salt. Wien the degree of crystallinity is |ow,_
flexareadt forehgthrysatal 14 nebparred| ey thatinmsr Wit wib 43 C/
exchange of lithium ions and potassiumions is |ow,
it iandxzphetebbeetdhehpoperxchaniene carrcbet e for matermining
easily; on the other side, when the degree of
an iemgssabhi hemyersthighthaluel $ chaghdyhtra i 45 ©FC.
crystalline particles that may di sturb the exchange
of Réddndimd ortse adubtripatfassirumxicnrggea irerdeheyicklan
easily increased difficulty of the exchange was
reindemensthat pdoekear | ¥yt bys thes£inge ft@xunad st isfaengtie
Therefore, regarding a fused salt containing sodi um
amouh@ngshavtpg=aunadbys shaltes phase pos assiampdrans,of heodium
degree 52 of crystallinity thereof is partially
ionshﬁﬂhgrsuk@aéecg§§tﬂbﬁrﬁy berdegiee of coystmtlinity
is reaching 10% using a fused salt containing sodi um
obserQSibs SUidabl & 4,0 [denosd ti B SQUMMIRSSIAE tlf €SSmples
ayer 1n a short tine. However, when considering the
reac&gﬁugt aggtﬂf f%ga\% Fﬁeb@'tm@n, Al 1huah, Jd thi umens.g

re substitute pot assi um ions and/ or sodi um
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o L1001 onsl deL L g FUd AT/ 8. 31 She prampes
desc&%g%%rgggag,agdcgiEgtgkgégggéysigﬁggtPB EQ), a Co-Cr
magnetic layer (50 nm), and a SiC protective film (10 nm) were
formed by the DC spattering method.

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

The thus cbtained magnetic informaticn recording medium
was capable of reducing & head floating height compared with
that currently in use owing to the superior surface roughness
thereof, and also operating an input-ocutput of magnetic
signals in & ramp loading method causing neilther 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 as magnetic information



potassiumnitrate (KNO3) was used as a fused salt and
imrersion time was fixed at 0.5 hour, in each
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Example 40

In addition, after a crystallized glass c¢f the
aforementioned inorganic composition C was lapped, polished,
ion-exchanged under the same cconditions of Example 18, and
washed to obtain a crystallized glass substrate, a
photecsensitive resin layer was formed on the crystallized
glass substrate by coating or laminating, on which a mask
having 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. Subseguently, using a predetermined developing soluticn
to expose the exposed regilon when using a positive

photosensitive resin or the unexposed region when using a



formed by the DC spattering nethod. Subsequently, a
| ubricant of a perfluoropolyether type was applied (5
nm to obtain a magnetic igkormation recording
medi um The thus obtai ned nmagnetic infornmation
recordi ng nmedium was capabl e of reducing a head
negat { vat Phgt hedght t conpeasdh viiaininhath e @asemEdy vietgga on
owi ng to the superior surface roughness thereof, and
the aliseotopeeat iAwyy aamasiputteutpit ohenmpynépEensighagsrepin is
a ranp | oadi ng nmet hod causi ng neither head damage nor
capabedi oM flaragey ®ventwden en i gnatstalgutzegutgduets swesibstrate
performed while the head was in contact with the
by anmBgdiuprocksst hammrebstthe teubstr arenfor aseaasubstrate of
magnetic information 54 recordi ng nmedi umincl udi ng
elect B8ni POF YAk Lt EPNPOSE tiobofciie, pasetnddwenatiaon
will show a stable bunpy shape also in a |aser
dispigyturecperformed in a | anding zone system Exanple 39
In"addition, after a crystallized glass of the
af operentd,Qned 4 noLGANIE 16eNResIiienck was bappedt
pol i shed, 7 on-exchanged under the sane conditions of
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strate, a nultilayer filmof TiO2/Si
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on e cryst Ss substrate to fabricate an
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optica _ as A Superior therfrostable center
cree Y LIS bR S S AL b ure e s pund pas
perpégdgggiggqgéggéﬁfé ge&éX&%ﬁ%'éfg%kﬁyzE%ﬁ(gaﬁtg%hieve a
super~smooth surface which becomes necessary to improve the
crystalline orientation of film material when forming a film
sc as to provide various substrates with little alkali
' migration. Thus, the inorganic composition 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.



af orenenti oned i norgani c conposition C was | apped,
pol i shed, ion-exchanged under the sane conditions of
Exanpl e 18, and washed tosgbtain a crystallized gl ass
substrate, a photosensitive resin |ayer was formed on
the crystallized glass substrate by coating or
What| ami natimgd O which a mask having a depiction of a
desired pattern was attached firmy, and exposed to
el ectromagneti c waves of which the wavel ength matched
with the sensitive wavel ength of the photosensitive
1. resim.irSubseduentdmposidiing arpredet ecmicaedidevel bpitg
solution to expose the exposed regi on when using a
compPOshti ¥8d PROADSENSbhpweenesin verthecfinexpdsediiEyidmass
when using a 55 negative photosensitive resin formng
ratibherdesia ed patber nLow/Aihe; subsinatres 1Ass=a sk 0. 3,
mat eri al, the photosensitive resin is capable of
contEORThAYcay ALt € Na9R & Shysiad ldaeds gh.ass dutbstiat e
by a dry process. The substrate has prom se as a

Comp§gggg§@t§t9g55e1§§é£pnic circuitry used in b!ochips,
patterned nmedia, ~displays, etc. The inorganic

conposition article of the present invention has
superior heat resistance, inpact characteristics and
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L tggLaIkaHL nigrgtion. Thus, the inorganic
CristGRAGSIHEi SR aFt PR of the present invention is not
only preferable for the application
3. The article according to claim 1, wherein the compressive
stress layer is formed by replacing ions contained in a

surface layer with cations having a larger lon radius than the

(original) ions.
4, The article according to claim 1, wherein the compressive
stress layer is formed by heating the article, followed by

rapid cooling.

5. The article according to claim 1, wherein the compressive

stress layer is formed by ion infusion.

6. The article according to claim 1, wherein a contained



to a substrate for the perpendicular magnetic
recordi ng nedium for HDD, but also usable as the
substrate for an informati recordi ng medi um
electronic circuit substrafe, substrate for an
optical filter and an optical filter having a
contéhel eCtpaetialesidiayeridg landorated loma pdasigbstsr attemost
for a optical filter. 56 What is clainmed is: 1. An
bpongasi ¢ conposition article containing a Li20
conmponent and an A1203 conponent in ternms of oxides
wWth a mass ratio of Li20 to Al 203, Li 20/ Al 203, being
no less than 0.3, containing crystals, and a surface
7. betng provided: wdhieng GoNpriessi vie steesdnl ayekean2particle
The article according to claim1, which contains, as a
diamEL ¥81 8kl HAs: phase, daé £5ﬁ o 0N Seheotd 0N fo gnddhe is at
group consisting of i um nonosilicate, |ithium
mostd SP licate, a- quartz, a-quartz solid solution,
i stobalite, and a- cristobalite solid solution. 3.
The article according to claim1, wherein the
conpressive stress layer is forned by replacing ions

8. Co?ﬁglnggléfe Yelol %an f%@y S M th d/Qns,, h%%!@%s%s in
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the artlc in w e compressive stress layer is

arranged, in a water bath is B, A/B is < 1.

9. The article according to claim 1, wherein a composition
of the inorganic composition article before the compressive
stress layer is arranged contains the percent by mass of the
following components in terms of oxides:

50% to 90% of Si0;

no less than 4% and no more than 15% of Li,0; and

& to 20% Bl1:0;.

10. The article according to claim 2, wherein the composition
of the inorganic compcsition article 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:



70% by mass. 7. The article according to claiml1,
wherein a nean particle dianmeter of particles

di spl aying the crystallinesphase is at mpst 1 um B.
The article according to cFai m 1, wherein, in cases in
whi ch an elution anmount of alkali nmetallic ion of the
ardd dee,3% iaf Wulch t he conpressive stress layer is
arranged, in a water bath is A and the elution
ampunto dfofaldk@alznaretal lic ion of the article, in

whi ch the conpressive stress layer is arranged, in a
watercbatsh ds Bo;ABis < 1. 9. The article according
to claiml1, wherein a conposition of the inorganic
capasd tipmardadcgl e before the conpressive stress

| ayer is arranged contains the percent by mass of the
fald o ng qamponents in terns of oxides: 50%to 90% of
S 02; no less than 4% and no nore than 15% of Li 20
angk 2940 20%.A1203 10. The article according to
claim9, wherein the conposition of the inorganic
cofgpasi tion & ti.¢l.e before the conpressive stress

| ayer 1s arranged "contains the percent by nass of the
atsd te O ide selected fromthe follow ng group
ofo°§%$rp50°nerb%1tg?&%8 0%to 3%of MO 0%to 10% of ZnQ
0%d a. 7% pof . 0%to 7% of BaO, 0%to 7% of SrQ
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% to 2% of Nas0; and
% to 2% of combined content of at least one selected

from a S8by;03 component and As;0; component.

11, The article according to claim 1, wherein the inorganic

composition article is crystallized glass.

12. An information recording medium consisting of the article

according to any one of claims 1 to 11
13. An informaticn recording medium using the crystallized
glass substrate for the information recording medium according

to claim 1Z2.

14. An electronic circuit substrate consisting of the article

according to any one of claims 1 to 11.

15, An. electronic circuit using the electronic circuit



0%to 10% of Zr02; 0%to 5%of Ti02; 0%to 3% of
K20; 0% to 2% of Na20; and 0% to 2% of conbi ned
content of at |east one sekgcted froma Sb203
conmponent and As203 conponent. 11. The article
according to claim1, wherein the inorganic

substoapesitiondird it elisierlistal |ized gl ass. 12, An
i nformati on recordi ng nedi um consisting of the article
according to any one of clainms 1 to 11 . 13. An
i nformati on recordi ng nmedium using the crystallized

16. glassuissthsttratef am tdye iicaflorfidttiean ceesdsdiing véditom
according to claim12. 14. An electronic circuit

artisSubstcabedCofSisStamg @fe tde @rdind € tacddr.ding to any
one of clainms 1 to 11. 15. An. electronic circuit
using the electronic circuit 59 substrate according
to claim14. 16. A substrate for an optical filter

17. ConsiStd NG of s tiher ardig e aecer ¢iikg ke rary moneiokyer film
claims 1 to 11. 17. An optical filter conprising a

on tdbelegiiigraubdi layerodiimmy o the subsidate koy dikam 16.
optical filter according to claim116. 18. nmet hod
for producing an inorganic conposition article, the
nmet hod conprising arrangi ng a conpressive stress |ayer

18. 9Nn Qnesé‘f{usfaa%zolf}?ltol?i%él%%r %%nii%,o‘i%gﬂqg EiOQLBo_Q_y_tion ag%icle,

i mrer si ng t he i norgani ¢ ‘conposi tion containing a Li

e GEURBIE0LA08, A, 20 EATTENo, Mg e e on
o sofPhERAL AL Lo e salo e Ao BElAI00, e
inorganic composition containing a Li,0 component and an Al;0s
component, with, in terms of oxides, a percent by mass ratio
of Li,0 to Al,03; (Liz0/Al,03) being at least 0.3, and including
crystals in a heated chemical reinforcement treatment
solution, so as to replace ions contained in a surface layer
of the inocrganic composition with caticns having a larger ion

radius than the original icns.

12, A method for producing an inorganic composition article,
the method comprising arranging a compressive stress layer on
a surface of the inorganic composition by heating and
subsequently rapidly cooling the inorganic composition
containing a Li,0 component and an Al,03 component with, in
terms of oxides, a percent by mass ratioc of Li,0 to Al;0;

(Li,0/A1503) being at least 0.3, and including crystails.



solution, so as to replace ions contained in a surface
| ayer of the inorganic conposition with cations
having a | arger ion radiu% than the original ions.
19. A nmethod for producing gn i norgani ¢ conposition
article, the method conprising arranging a

20. coMpfiessidesst ressidayer 0N i surflacecabosieion article,
i norgani ¢ conposition by heating and subsequently

the %aPhEHYc&eti fthd herinofganic aompesidiven steentailaiyeg on
a Li 20 conponent and an A1203 conponent with, in

a sut€Lf® OFf £Xi desyqa PerEégitoHyr Ms o aldrd Bfnilkb2Q oo
A1203 (L|20/A12CB) being at | east 0.3, and including

imp1SEYSLaLS. 160, 20 MIRINOL: f QIR QAUT NG AR H:RAMGAR C.1,0
conposition article, he met hod conpri sing arrangi ng

compéngﬂgpéﬁﬁséﬂQA?ﬁLeéémb@MQEtoﬁlt@ suhfacenofcfoxides,
i nor gani c conp05|t|on by perforning ion inplantation

percéﬂ%ob%hﬁ égof gggPQ§%5'%ﬂ @OnﬁﬁhBVﬁQ @3L%%Qng at

conponhent an n conponent n ter

f Li20 A1203
leas(Ll287Af3€§§§%£$%§¥%?§§f éﬁé(J 3 akd |L8Iud|ng

crystals. 21. The nethod accordlng to any one of
clains 18 to 20, wherein the inorganic conposi tion

alns east 0 e electlon fr p
21. o drEs T o Rod ¥ Safe ot FERFamL to 20,
d|$|| cate, a-quartz, a-quartz SO|Id solutlon

W”erﬁ%?s%ﬁa}?%ga%ﬁ ST St ord i1 59 Lst*‘r Sd ol {30, U“fs a
crystalline phase. 22. The net hod rding to a Y, O

selegt EnafHEn 18T I5015 e 61 Ahe S or gHTE REBHas (e
is crystallized glass obtained by nelting and rapldly

Lithégsl Fhet 5t B35S r ot WA EFF al U TS i ichai® Faw YEsen,

~ heat - §£eat|n% the raw glass at 450C to 620C to
crispebfbihfa AUC| ¥afT FOFeRE T D pTOcEs SO B 1 Bwed D2 heat

crystalline phase.

22. The method according to any one of claims 18 to 20,
wherein the inorganic composition 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 of 620°C to 800°C, at temperatures higher
than that of the nuclear formation process, to perform a

crystal growth process after the nuclear formaticon process.

23. The method according to claim 22, wherein the glass raw
material contains the following components with percent by

mass, in terms of oxides of:



treatnment in a range of 620C to 800C, at tenperatures
hi gher than that of the nuclear formation process, to
performa crystal growth pocess after the nuclear
formati on process. 23. Thé nmethod according to claim
22, wherein the glass raw material contains the

fotd oW e coponEd,s W th percent by nmass, in terns
of oxides of: 61 50%to 90% of Si02; no |ess than 4%

ango No- g¢ et Bt Ahamhd 5% ofrdai:20; rane 12% be 20%pfand
A1203. 24. The nethod according to claim 23, wherein

the: gl @ssod ay Amkerial contains the percent by mass
of the at |east one oxide selected fromthe follow ng
group of components: 0%to 3% of MO 0% to 10% of
ZnO 0%to 7% of CaO 0%to 7% of BaGQ 0%to 7% of

24. ﬂ%ﬁ&%ﬁ%gﬁ;%@o Q%14 1% Qf, 4502, 1@ Oé;tl%séo/%aw

0% to 2% of Na20;
mate%(é/ gcgr?ggiggd}ﬁg%ggs%g% tg%) I&§§tofpn§1e§eﬁjtecfe%%g 091'@ a

conponen mponent .
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Sb,0s; component and As;0; component.



