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1. Field of the Invention

The present invention relates to a crystallized
glass having an excellent meltability and moldability
‘as well as a microcrystalline structure and improved
surface properties after polishing which make the
glass suitable for the use as a material for a
substrate of an information-recording disk such as a
magnetic disk, optomagnetic disk or digital video
disk.

2. Description of the Prior Art

Recently, the use of magnetic disks,
optomagnetic disks, etc. as external recording media
for large computers, personal computers, etc. is
increasing. For the coming information age, the
development of information-recording disks capable of
having a high-density record such as magnetic disks,
optomagnetic disks and digital video disks is eagerly
demanded.

The following properties are required as the
substrates of information-recording disks for a high-
density recording:

(1) The disk surface is flat and smooth so as to
improve the recording density by further reducing the
head floating amount for the purpose of practically
using GMR heads and TMR heads. Particularly, the
surface roughness (Ra) of the substrate is desirably



density recording: (1) The disk surface is flat and snmooth so as to inprove
the.recording density by further reducing the head floating anount for the
pur pose of practically using GWR heads and TMR heads. Particularly, the
surface roughness (Ra) of the substrate is desirably

- 2- not higher than 10 A (2) The substrate material is not anisotropic
and is free fromdefects, and the structure thereof is dense, honbgeneous
and fine. (3) The substrates have a mechani cal strength and hardness
resistant to e.g. a high-speed rotation and the contact with the head. (4)
The substrates have a chem cal durability sufficient for being resistant to

washing with Vﬂb&Q%ﬁgﬁQ +¢@lns 1@nd et ching. (5) The substrates are as |ight
i n wei ght as passi bl €. ?EE When a gl ass material is used, it is easily

mel t - nol ded, ad&)i t Thigo At madedRdsds netr AR SOFARIiORDES i ci ent
and crystal si#ged Frdncdareedsgvandvide Pteudteaec ithereadid iduifsea) e
changed to so ext ent, ang¥%f5$as an excellent mass productivity. (7) In a
CSS (contact-s SENERHSh i"S¥¢ "devi ce, a precise texturing can be

easily conduct €3)soThe isubztewubeis hiavresta alechatdaait istmerggtlt fendst art or
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the contact with the head.
(4) The substrates have a chemical durability
sufficient for being resistant to washing with various
chemicals and etching.
(5) The substrates are as light in weight as
possible.
(6) When a glass material is used, it is easily
melt-molded, and its homogeneity, denseness, thermal
expansion coefficient and crystal size are unchanged
even when the production conditions are changed to
some extent, and it has an excellent mass
productivity.
(7) In a CSS (contact-start-stop) hard disk device, a
precise texturing can be easily conducted so as to
prevent the stick (adsorption) at the start or stop of
the disk.

Heretofore, aluminum alloys have generally been
used as a material for substrates for magnetic disks.
However, since the surface smoothness of the aluminum
alloys is limited and unsuitable for a high-density
recording, various crystallized glasses have been
proposed to be used in place of the aluminum alloys.
The crystallized glasses have high mechanical strength
and hardness, and dense, smooth crystallized glasses
can be easily obtained advantageously. '

It is known that an Si0O,-Li;O0 glass produced by
forming LiO,:2Si05 crystals using P,0g as disclosed
in, for example, Japanese Patent Laid-Open No.



However, since the surface snoothness of the alumnumalloys is limted and
unsui table for a high-density recording, various crystallized gl asses have
been proposed to be used in place of the alum num alloys. The crystallized
gl asses have hi gh nechani cal strength and hardness, and dense, snpoth
crystallized gl asses can be easily obtai ned advant ageously. It is
known that an SiJerr]-Li[err]O glass produced by form ng
Liderr].2SiJerr] crystals using P205_%§ di scl osed in, for exanple,
Japanese Patent Lai d-Open No. - 3-

72547/ 1987 and Japanese Patent Publication No. 25775/1996 has a high

nmechani cal strﬁaghng@%7i%nﬁg H%sfo@aEQﬁtdb%%lic tiﬁHPWEyer1 t hese
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crystallized gl asses have a probl emthat the Size of the mcrocrystals thus

formed and coefRB7di5dAO96F haise emdighx peehiasd cede sésengitdnianddd |y vary

dependi ng on ewgn tapild el ¢hNGE i, the heat treatnent tenperature.
Al though this problemis solved by a crystallized gl ass conprising

Si err]-Li[err] O Miowever:] dhese oy st@dddizssd SLRsSEgsa e Bat ent
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Chorefore, 1 he S0 FRES ASSNISE (REFAL SEEARGH Of S TBat 10 A even
after poli shingignd fswanddy, wariyc kiependisg toableyeor tslddhitglelderss ty
recordi ng. of e ?ﬂ‘%ﬁaﬁtt?%a@m%rftortetr@%tgr%s} allized Sierr]- Li[err]O
system gl asses have a high nelting tenperatures and the production costs of
the gl asses are hi gdlthough this problem is solved by a
crystallized glass comprising Si0,-Li,;0-MgO-P,0g5 as
described in Japanese Patent Publication No.
29152/1994 and Japanese Patent No. 2516553, the formed
crystals have a relatively large grain size of at
least 0.3 ym and, therefore, the surface roughness
(Ra) is as high as at least 10 A even after polishing
the surface, which is unsuitable for the high-density
recording. '
The raw materials for these crystallized SiO,-
Li,O0 system glasses have a high melting temperatures
and the production costs of the glasses are high.
When the melting temperature is high, foams and striae
cannot be easily removed unfavorably. Namely, since
the foams exert an influence on the surface roughness
after polishing, even extremely small foams which are
allowed in optical glasses are not allowed in the
substrates of magnetic disks and optomagnetic disks.
When the substrate has the striae, the local
composition becomes uneven to reduce the uniformity
and denseness of the microcrystals.

SUMMARY OF THE INVENTION

Under these circumstances, an object of the
present invention is to improve the smoothness of the



When the nelting tenperature is high, foans and striae cannot be easily
renpved. unfavorably. Nanely, since the foans exert an influence on the
surface roughness after polishing, even extrenely snall foans which are
allowed in optical glasses are not allowed in the substrates of magnetic
di sks and optonmagnetic di sks. Wen the substrate has the striae, the | ocal
conposi tion becones uneven to reduce the uniformty and denseness of the
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recording.

Another object of the present invention is to
obtain a crystallized glass substrate for the
information-recording disks, whose raw material has a
low melting temperature and which is free from the
formation of foams or striae.

Still another object of the present invention is
to obtain a crystallized glass substrate, having
improved texturing properties, for obtaining excellent
CSS (contact-start-stop) characteristics, particularly
a crystallized glass substrate capable of texturing
with a laser.

After intensive investigations, the inventors
have found that the above-described objects can be
attained by adding chlorine to the crystallized S5iO,-
Li,O glass. The present invention has been completed
on the basis of this finding. .

Namely, the gist of the present invention
resides in a crystallized glass for a substrate of an
information-recording disk, which has been obtained by
melting a raw material for glass consisting
essentially of, in weight percentages in terms of
oxide, 55 to 85% of Si0O,, 5 to 20% of Li,0, 0 to 10%
of K,0+Na5y0, 0 to 10% of MgO, 0 to 20% of CaO, 0 to
10% of Sr0, 0 to 10% of BaO, 0 to 10% of ZnO, 0 to 10%
of Al,03, 0 to 15% of B,03, 0 to 6% of P05, 0 to 3%
of TiO,, 0 to 3% of 2r0O,, 0 to 3% of SnO; and 0 to 1%
of A5203+Sb203, 0.1 to 10% by weight of fluorine (F)



I mproved texturing properties, for obtaining excellent CSS
(contact-start-stop) characteristics, particularly a crystallized gl ass
substrate capable of texturing with a | aser. After intensive

i nvestigations, the inventors have found that the above-described objects
can be attained by adding chlorine to the crystallized Si Q- LiZ20 gl ass.
The present invention has been conpleted on the basis of this finding.
Nanely, the gist of the present inventLgQ resides in a crystallized gl ass
for a substrate of an information-recording disk, which has been obtai ned
by nmelting a raw material for glass consisting essentially of, in weight
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an informat i on-lgiggqr ?ﬁgﬁdlh:%%?f\ﬁf?haﬁ%%'bggr%%glbth%‘lsge By or?gﬁat%ﬁ ng ﬁaw
mat eri al for gmggglggngigth@aterlal for glass consisting

essentially of, in weight percentages in terms of
oxide, 55 to 85% of Si0O,, 5 to 20% of Liy0, 0 to 10%
of K,0+Na,0, 0 to 10% of MgO, 0 to 20% of Ca0, 0 to
10% of Sr0, 0 to 10% of BaO, 0 to 10% of Zn0O, 0 to 10%
of Al,03, 0 to 15% of B303, 0 to 6% of P05, 0 to 3%
of TiO,, 0 to 3% of 2r0,, 0 to 3% of SnO,, 0 to 1% of
As;03+Sby03, 0 to 10% of Fe,03, 0 to 10% of Cry03, O
to 10% of NiO, 0 to 10% of V,05, 0 to 10% of CuO, 0 to
10% of MnO,, 0 to 10% of MoO3, the total of
Fey03+Cry03+Ni0+V,05+Cu0+Mn0,+Mo03 being 0.5 to 10%,
and 0 to 3% of CeO,, 0.1 to 10% by weight of fluorine
(F) and 0.1 to 20% by weight of chlorine (Cl), molding
the molten material, vitrifying the molded material
and subjecting the vitrified material to crystallizing
treatment, and which contains at least 0.05% by weight
of chlorine after the crystallizing treatment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The detailed description will be made on the
present invention.

The raw materials used herein for the glass
include those ordinarily used in the art, such as
oxides, carbonates, nitrates, sulfates, halides,
hydroxides, silicates, phosphates and borates of the



essentially of, in weight percentages in terns of oxide, 55 to 85% of
SiJerr], 5to 20%of Li[err]O 0 to 10%of K err]OtNa[err]O 0 to 10% of
MO, 0 to 20% of CaO "0 to 10% of SrO 0 to 10% of BaO 0 to 10% of ZnO O
to 10% of Al[err](err], 0 to 15%of Blerr](Jerr], 0 to 6% of P205, 0 to 3%
of Tigerr], 0to 3%of ZrA2, 0 to 3%of Snerr], 0 to 1% of
As[err]err]+Sb[err]err], 0 to 10% of Fe[err](err], 0 to 10% of
Clerr]Jerr], 0to 10%of NNO O to 10% of V[err](err], 0 to 10% of CuG
0 to 10%of MndJerr], 0 to 10%of Mo efr], the total of
Fe[err]err]+Cr[err]err]+NiO+tV[err]Jerr] +CuOtMh err] +Mo( err] bei ng
0.5to 10% a 0432 to 10% by weight of fluorine (F)
and 0.1 to 20% gv%e?gﬁ%g%?ggﬁ%§é§%%e€E%), mol ding_the nolten material,
vitrifying the nol dBaenglessalsaptoduepdchy nguihablyt seireding: &heal to

crystallizing tigaéompéunddy whkthgCenémi 18 &tprédétePmPa¥aby wei ght of
chlorine after the crystaII|Z|ngttre ED DESCRI PTI ON OF THE
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sel ecting the fﬁ@’ﬁngQHngéw ﬂ3§é99aihf§1ﬁgl@e@rfﬂ@&egnbggﬂetermined
shape such as a disk by'press molding, casting with a
mold, rolling or the like, and then the product is
vitrified. Thereafter, the temperature is elevated to
about 500 to 650°C to form crystal nuclei and then the
secondary heat treatment is conducted at about 550 to
850°C for about 0.5 to 3 hours to form the crystals.
The crystals thus formed are mainly a-quartz,
LiZO-SiOZ, Li,0-28i0,5, etc.

In the ingredients of the glass, SiO; is a main
ingredient of the formed crystals. When the amount of
SiOz is smaller than 55%, the crystals become unstable
and, on the contrary, when it exceeds 85%, the melting
temperature of the raw material for the glass becomes
excessively high undesirably.

Also Li,O is another main ingredient of the
formed crystals. When the amount of Lij;O is smaller
than 5%, the crystals become unstable and, on the
contrary, when it exceeds 20%, the melting temperature
of the raw material for the glass becomes excessively
high.

Although K50 and Na,0 are effective in improving
the meltability of the raw material for the glass, the
amounts of K and Na are desirably as small as possible
from the viewpoint of the reliability because they
have a high mobility in the glass and they are easily
eluted. Hereinafter, the "meltability" or "meltability



proportion and nelting the obtained m xture at a high tenperature of 1,250
to 1,550[err]C. Fluorine and chlorine are added by replacing one or nore of
t he above-described oxides with a fluoride and chloride. The nolten raw -
material is nolded into a predeterm ned shape such as a disk by press
nmol ding, casting with a nold, rolling or the Iike, and then the product is
vitrified. Thereafter, the tenperature is elevated to about 500 to
650[err]C to formcrystal nuclei and thgn the secondary heat treatnent is
conducted at about 550 to 850[err]C for about 0.5 to 3 hours to formthe
crystals. The crystals thus formed are mainly a-quartz, Li[err]Q SiJerr],
Liferr]O 2SI O ggrgy 250 i usebntbhﬁehﬁg'&ﬁ@' ﬁahiagflltﬁe, JagS rag derr] is
a main ingredient o? Fo rystals. We he anount of SiJerr] is
smal | er than 59@$3Fhélcf9§t$ﬂ§sﬁecone unstable and on the contrary, when
Ib t exceeds 85% tlheAmehbu@ﬁ Mgmpaglat 2he akret befre?wlwam aJmﬁzwv:{]da;e gl ass
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than 5% the ctyetahsehdednerwstaableaandt be eh61dqnbhmqgnaduwhan exceeds
20% the nmelti e r e gl ass becones
excessivel y hlgﬁe§ dPe %ﬁBEQHBE &Ferr (@) an§§Eb§§r%ﬁ8 ??é effective in
i nprovi ng the mel t aBlthopgbf Cﬁﬁe xR pRdePrR) aflse iRPIGiVes$hea he anobunts of
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reliability because they have a high nobility in the glass and they are
easily el uted. aPErEhﬁaFFKFtaﬁhgraﬁBFtESFPWchoéFsen@PFQbﬁhqx/are
-7- . used in an excess amount.

Although Al,045 improves the chemical durability
and hardness of the glass, the melting temperature of
the glass-forming raw material becomes excessively
high and the phase separation of the glass is
inhibited undesirably when it is used in an amount of
more than 10%.

Although B304 improves the meltability of the
glass, the intended crystals cannot be obtained when
it is used in an amount of more than 15%.

Although P;0g is a nucleating agent for the
glass, the crystals are unstabilized when more than 6%
of P,0g5 is used.

TiO, and Zr0O, are used as nucleating agents and
As,03 and Sb,03 are used as refining agents.

When the amount of F used for controlling the
crystallization is smaller than 0.1% by weight, the
formation of the fine crystals becomes difficult and,
on the contrary, when it exceeds 10% by weight, the
glass becomes unstable and the homogeneous glass
cannot be easily obtained.

According to the present invention, it has been
succeeded to reduce in size of the formed crystals and
to remarkably lower the melting temperature of the raw
materials for the glass by adding chlorine.



of glass" is used to nean the neltability of a raw material for glass.

Al t hough MgO and ZnO are effective in inproving the neltability and
controlling the forned crystals, the intended crystals cannot be easily
obt ai ned when they are incorporated in an excess anount. Al t hough CaQ
SrO and BaO al so inprove the neltability, the intended crystals cannot be
obt ai ned and the crystal grains becone coarse when they are used in an
excess anount. Al t hough A1203 i nprgves the chem cal durability and
har dness of the glass, the nelting tenperature of the glass-formng raw
mat eri al becones excessively high and the phase separation of the glass is

| nhi bi ted undesi rab'ﬂ&e""@:%s'ttal'lsiz%%GGI'a@sa%farE‘?x‘émpz@cséHH q%eﬁg{ryst al's

Al t hough B203 i nmproves thé neltabil gl ass, the
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are used as nUSPEEFPag é gﬁt R%F@?%{%f%ﬁdﬁe ﬁ?%ﬁﬁﬂﬁ%]ﬂﬁ%ﬁr] are used
as refining agéehgth and ﬂb&noﬂh& dempetratfairie dme@nfmuznyﬁjag t he

crystallizatio miiQ e fine
crystals beconggigP?g?cu T q%%%lgl%éhg¥€%ﬁk%ary g#%%n% éﬁ?”lO%)by
vei ght, the gl nsmebgcbyetakingapdyaatageise ofombgefiects tgiaassthmnnot be

easily obtai ”egpmodalA%SQ%d'lQﬁgttﬂ E'%e gﬁ%ﬁhe'd”\fﬁr“tﬂh%” 1de| een
succeeded to reduce 1 n size of fornme | sand to renark Iy | ower
the melting tefPeRAt GPELRY ﬁ€°F‘a\Ehﬁats§|lP£’F3§ f fempeEafiursy Rpdyddhen
chlorine. the crystal nuclei are formed while the separated

phase " is formed, microcrystals are formed in a large
amount depending on the average width of the separated
phases and the number thereof. Chlorine has an effect
that when it is added, the crystal size is further
reduced. Although chlorine is an ingredient easily
volatile from the raw materials for the glass in the
melting step, it is supposed that in the present
invention, added chlorine remains even after the
vitrification to accelerate the formation of the
crystal nuclei, and the formed crystals are reduced in
Lﬁsize by this function. . Since this effect is not
remarkable in the absence of fluorine, the effect is
supposed to be a synergistic effect with fluorine.
For forming crystals having a grain size smaller than
0.3 um at the crystallization temperature, it is
necessary that chlorine remains in an amount of at
least 0.05% by weight, particularly in the range of
0.1 to 2.0% by weight, in the glass after the
vitrification. Since the crystal grains are reduced
in size, the surface roughness (Ra) after polishing
the surface of the obtained substrate becomes
extremely low and even not more than 10 A.
By adding chlorine to the raw materials for the
glass, the melting temperature of the materials can be



- 8- The crystallized glass of the present invention is obtained by
t aki ng .advantage of the facts that the formation-grow ng step of

m crocrystal nuclei is controlled by relationship between spinodal wave

| engt h and spinodal tenperature in an Li[err]O-Blerr](err]-SiJerr]

spi nodal deconposition-type phase-separation glass, nanely by taking
advant ages of the fact that the spinodal wave length is determ ned by the
degree of super cooling fromthe splnodg tenperature, and, when the
crystal nuclei are fornmed while the sepdrated phase is forned,

m crocrystals are fornmed in a | arge anDunt depending on the average w dth

of the separat es..ang.t u ef fect that
when it is addggwg?%§ % gt Hé??énysg urt rggﬂtef %§4§1n1 chlorine is
an i ngredi ent earysrtytmolz@@ Igd- afsiso Pift ﬁ@meawqmp@rntwosw o thee Lg:easgxu n the
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function. Sincglhkiss lcgf fn@e;t nioit@iht bl Ig@laﬁﬁ 1N wmecﬁbsence of fl uor| ne,

the effect i s suppos t ne effect wwth flu
forming crystals hav ?‘r‘?gag’ 3?%‘% %sirﬁq% & Hh ERIEOF | rcl?ﬁ
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than 10 A By adding’chiarine to thé raw materials for the glass, the
nel ting tenper SPdPEige ﬂﬁeqﬁﬁﬁﬁqQ%KSQQﬁ?qx%n an amount in the range
of 0.5 to 12.0% by weight.

In the present invention, a glass which is
crystallized at a lower temperature can be produced
and microcrystals having a smaller crystal size are
formed by adding at least one of oxides of Fe, Cr, Ni,
V, Cu, Mn and Mo. Since these oxides are effective in
improving the laser beam absorption property, the
precise texturing with a laser is made possible to
obtain disks having excellent CSS characteristics.
Supposedly, Fe, Cr, etc. contribute to the improvement
in the mechanical strength, and the strength is
scarcely lowered even though the crystal size is
reduced. The total amount of the oxides is preferably
0.5 to 10% by weight. When the total amount of the
oxides is below 0.5% by weight, the intended effects
cannot be obtained and, on the contrary, when it
exceeds 10% by weight, the melting becomes difficult
or the crystal grains become coarse to make the
production of the desired crystals impossible.

CeO, is effective in stabilizing the valences of
Fe, Cr, Ni, V, Cu, Mn and Mo ions in the glass.

SnO, controls the valences of Cu and others in
the glass like Ce0O, and, in addition, it acts also as



-9- | owered by, at nost, about 100[err]C For Exanple, the crystallized
gl ass of some conposition of the present invention can be nolten at
1,400[err]C or below, ~while an ordinary chlorine-free crystallized
Sigerr]-Li20MOP[err]Jerr] glass is not nolten bel ow about 1,450[err]C.
The above-described effects cannot be obtai ned when the anobunt of chlorine
added is below 0. 1% by wei ght and, on the contrary, when it exceeds 20% by
wei ght, the gl ass becones unstabl e and_HQE honbgeneous, crystallized gl ass
cannot be obtained. Chlorine is desirably added in an anount in the range
of 0.5 to 12. 0% by wei ght. In the present invention, a glass which is

crystallized at g,/ -a?n%yéggye can be produced and mcrocrystals
having a smal |l er crygggl are formed by adding at |east one of oxides

of Foo O N, V. GFheufoli@wing Sxamp kamosd i tHeihae oF Festrake | n

i nproving the kaeehrReaaRtalsidgititm. property, the precise texturing with a
| aser i s nade possible to obtain disks having excell ent CSS

characteristics. Supposedly, Fe, Cr, etc. contribute to the inprovenent in
t he mechani cal Exiaiilgt 1, and the strength is scarcely | owered even though
the crystal size is reduced. The total ampunt of the oxides is preferably
0.5 to 10% by weight. Wien the total anobunt of the oxides is below 0.5% by
wei ght, the int ende®Rasf fmeadter icdm dlioh @ la@stsaiweste amidkedrtodetivemtbyary, when

|t exceeds 10%0y Jpey;qhl H&r{;ﬁ te'd“g:&%&% {rg.iz{gdr?”éo -ééﬁr_ffqﬂ al
grai ns becone coarse to ﬁ%ke the production of the ESIFEJ.CF stals
i npossi bl e. in teaps ofefoxdde v d4-B%thapinaighy thesiﬁ%d:erﬁ:e%% #*YFe, Cr,
o o and ot ey Vo 5 st A A1, 1 G Flrahe G = A %0 B

A1203, 2.0% by weight of P,0g, 0.2% by weight of

As,03, 1.0% by weight of F and 3.0% by weight of Cl.

The mixture was molten with an ordinary melting

apparatus at about 1,390°C. The melt was homogenized

by stirring, molded to form a block, which was slowly

cooled to obtain a glass. The glass was heated to a

nucleating temperature of 570°C at a temperature-

elevation rate of about 10°C/min and kept at that

temperature for 1 h. The temperature was further

elevated to 810°C at a temperature-elevation rate of

about 10°C/min and kept- at that temperature for 2 h to

form microcrystals in the glass, thereby obtaining a

crystallized glass.

The crystals mainly comprised a-quartz, and

Li20-5i02 and Li;0-2Si0, were also crystallized. The

amount of chlorine remaining in the crystallized glass

was 0.4% by weight.

The surface of.the crystallized glass thus

obtained was observed with an SEM !(scanning electron

microscope) to find that the average crystal size was

about 0.22 pym. The structure was dense and

homogeneous, free from anisotropy or defects, and had

an excellent chemical durability.



-10- a nucl eating agent. The follow ng Exanples wll further
illustrate the present invention. Exanple 1 Raw materials for

gl ass were m xed together by an ordinary nethod to obtain a m xture
consisting of, in terns of oxide, 74.8% by weight of SiJerr], 9.5% by

wei ght of Li20 3.5%by weight of Klerr]O 2.0% by weight of MgO, 1. 0% by
wei ght of ZnO 3. 0% by wei ght of - Alferr]Jerr], 2.0%by weight of
Plerr]Jerr], 0.2% by wei ght of As[errLgthr], 1. 0% by weight of F and 3. 0%
by weight of C. The m xture was nolten with an ordinary nelting apparatus
at about 1,390[err]C. The nelt was honogeni zed by sti rring, rml ded to form

a bl ock, which was SiHWgH dﬁ% 192 A 3 @& gﬁ dgated to
a nucl eating terrperature of err|C at a tenperatar e- evatlon rate of
about 10[ er r] Ct®i fb&ad sﬂ’é‘lﬁ?@leamvé%ra BYrfagr tenperature

was further el m@mhets@ Qk%[)erdf] @ & a’I‘h@.@Waﬂth alfiatdwre rege of about
10C¢/ m n and ke B@%; t hat, .te erature far to formmcrocrystals in the

h
gl ass, thereby DT s A e g g&@ﬂﬁ& as The crystals mainly
conpri sed a-quartz, Thed gligss hHa@ 3 Qp@dl]fm@ﬂaiv[lﬁfyr Jla€33 &Sjﬁ,er r] were also

crystallized unt Oof. chI | ?z n cr |zed ass

was 0. 4% by vve?gﬁlp%n% 19%; gdgiséf ri;tagﬁ:'g ySt é’ltﬁq%e&ga? g%
700 kgf mm™ and thermal expansion coefficient of
8.7x10"6x~1,

Examples 2 to 4

A crystallized glass was obtained in the same
manner as that of Example 1 except that the
composition of the glass-forming raw material and its
melting temperature were altered to those given in
Table 1. The properties of the glass are also given
in Table 1.

Comparative Example 1

Raw materials were mixed together to obtain a
mixture consisting of, in terms of oxide, 75.9% by
weight of 5105, 9.9% by weight of Li,O, 3.8% by weight
of K50, 2.2% by weight of MgO, 0.8% by weight of ZnoO,
4.3% by weight of Al,03, 1.8% by weight of P50g, 0.3%
by weight of As,045 and 1.0% by weight of F. The
mixture was molten at about 1,480°C, and then molded,
vitrified and crystallized in the same manner as that
of Example 1.

Thus obtained crystallized glass had an average
crystal size of about 0.50 um.

The glass was polished with CeO, to obtain a
surface roughness of 18 A&.



obt ai ned was observed with an SEM (scanning el ectron m croscope) to find
that the average crystal size was about 0.22 [err]m The structure was
dense and honogeneous; free from ani sotropy or defects, and had an
excel l ent chem cal durability. ' The gl ass was polished
with CeQ2 as the abrasive to obtain the snmooth surface having a surface
roughness (Ra) of 8 A. This value is suitable for a high-density recording

di sk. The gl ass had a specific gr§¥%ty of 2.36, Young's nodul us of
9,365 kgf mmerr], Vickers hardness of )0 kgf mm{err] and therma
expansi on coefficient of 8.7x10[err]. Examples 2 to 4 A

crystallized glass was obtained in the samg, ngr as that of Exanple 1

except that the conposition of the glass-formng raw material and its
nelting tenperature were altered to those given in -Table 1. The properties

of the gl ass afémpbsPrbyesein Table 1. Conpar ative Exanpl ecémparativBaw
materials were m Xed together to obtain a

raw material Example Example

for glass (wt.% 1 2 3 4 1
5i0, 74.8 69.8 79.0 61.0 75.9
LiyO 9.5 12.5 11.0 15.0 9.9 -
K50 3.5 1.5 2.5 4.0 3.8
MgO 2.0 1.5 1.0 2.5 2.2
Ca0o - - 1.0 - -
Sro - 1.0 - -
Zno0 1.0 1.0 - 1.0
Al,05 1.5 1.0 2.0
B,03 : - 3.0 - 4.0 -
P50g 2.0 3.5 1 3.5 1.
As, 05 0.2 - 0.3
Sb,03 - - 0.2 - -
F 1.0 0.5 . . 1.0
Cl 3.0 4.0 2.0 5.0 -

Amount of Cl after

crystallization 0.4 0.6 0.4 0.8 -
(wt.%)

Melting temperature 1390 1320 1400 1230 1480
(°c)

Crystallization 810 810 810 810 810

temperature (°C)

.22 0.23 0.23 0.29 0.50
9 9 10 18

Crvstal size (um)

0
Surface roughnessl 8

Ra (&)




m xture consisting of, in terns of oxide, 75.9% by weight of SiJerr], 9.9%
by weight of Li[err]O 3.8%by weight of Klerr]Q 2.2% by weight of MO
0.8% by wei ght of ZnO, 4.3% by weight of Al[err](err], 1.8% by weight of
P205, 0.3% by weight of As[err](err] and 1.0% by wei ght of F. The m xture
was nolten at about 1,480[err]C, and then nolded, vitrified and

crystallized in the sane manner as that of Exanple 1. Thus obt ai ned
crystallized gl ass had an average cryst B size of about 0.50 [err]m

The gl ass was polished with CeQ2 to obtdi*n a surface roughness of 18 A
-12- Table 1 Conmposi tion of

Conparative ra gﬁt rial Exanple - Exanpl e for
glass (WM. % L Te % 2 3 4 1 Sigerr]

74.8 69.8 79.0 6_Ra(w matzxigls Me2® mixed together to ®lgairp & 11.0

15. 0 9. I mithGld ]cgnglstfng of J.n ?te§'ms b ox1%é 704 & by 3.8

O
wg - 1. oweight of SiO,, 9 §ﬁoby welght of L120 3_6% by, weight

- ZnQf cao, 1.9% by we1 nk &f Bhd) 1 0% by Jnnght of Grd,
AI [erg] qerr]_ 4.0% py weight of |g[ 3 q%eror%] by welg%t of onsr ?B 03

1. 5 3.5 bY. Sreight] erfr |SHy,] 4.6% by weight of FFe303,0.® 5% by -

0.3 weight of CeO,, 0.9% by weight of F and 1.8% by weight
of Cl. The mixture was molten at about 1,400°C, the
melt was homogenized by stirring, then molded into a
disk shape and cooled to vitrify the product. The
glass was heated to 600°C at a temperature-elevation
rate of about 10°C/min, and kept at that temperature
for 1 h to conduct the primary heat treatment. Then,
the glass was further heated to 665°C at a
temperature-elevation rate of about 10°C/min and kept
at that temperature for 1 h to obtain the crystallized
glass.

The crystals thus formed were mainly a-quartz,
Liy0-28i0,5, etc. The amounts of fluorine and chlorine
remaining in the crystallized glass thus obtained were
0.1% by weight and 0.3% by weight, respectively.

The glass surface was observed with .an SEM to
find that the grain size of the crystals was about
0.08 um on average and that the structure was dense
and homogeneous, and no anisotropy or defect was
observed.

After the glass was polished with CeO,, the
surface roughness (Ra) was about 4 A. The glass had a
specific gravity of 2.50, Young's modulus of 13,000

2 and Vickers hardness of 590 kgf-mm”z.

kgf emm™
The laser beam absorption property of a test
piece having a thickness of 0.635 mm was examined to

find that it had an absorbance of 0.48 and



Sh203 - - 0.2 - - F

1.0 0.5 0.6 2.0 1.0 d 3.0 4.0 2.0
5.0 - Anount of C after crystallization 0.4 0.6 0.4
0.8 - (WM.% Melting tenperature 1390 1320 1400 1230 1480
([err]C) Crystallization 810 810 810 810 810 tenperature
([err]C) Crystal size ([err]m 0.22 0 23 0.23 0.29 0. 50

Sur face roughness 8 q 18 Ra (A

-13- Exampl e 5 Raw rraterlals vvere4mxedtogether to obtain a mxture

consisting of, in ternms of oxide, 70.0% by wei ght of Slqerr] 9. 2% by

i ght of Li % b
vl 9nt of L) Lotrkend s, 8 O, o £6R0 1B Sy Oy % DY
Plerr]Qerr], 0.9%d4nmciagict ags a@zﬂoaha]nqeenf] 0.416@ns, tx@r@mfcﬁance
Fe[err](err], oQ 3Y. oy Wbl 19igneedeed hoavd & h\'\%fg@u)fnnl: anghel . 8% by

wei ght of d. The m xture was ngl ten at about [err]C,. the nelt was
hormogeni zed by textuxiing wikdn andiagkeF iaf éué:hdlasR"aé’H‘a ngtd o} &L

vitrify the plr@dmatneme gloaﬁ&nwsaﬂm&tlo QﬁridQC/fi@x@ @Td—]ﬁeﬁi Fass )

t enper at ur e- el evatj on ate t m.n t at. that

t enperature foP~: f’d:‘fcte e pﬁ‘%\fﬁ%ﬁezﬁb eserik@fes he gl ass
was further hebeathst,o aﬁﬁﬁ[bérer [a®satrbantcenpersa touioe- drd/eummmnatthe about

10[err] U mn apd ket At qat06t4ermlerature for 1 h to obtain the
crystallized. _

Examples 6 to 9

Crystallized glasses were produced in the same
manner as that of Example 5 except that the
composition, primary heat treatment temperature and
crystallization temperature were altered as given in
Table 2. The properties of the glass are given in
Table 2.



gl ass. The crystals thus fornmed were mainly a-quartz, Li[err]O
2Siderr], etc. The anounts of fluorine and chlorine remaining in the
crystallized glass thus obtained were 0.1% by wei ght and 0. 3% by wei ght,
respectively. The gl ass surface was observed with an SEMto find that
the grain size of the crystals was about 0.08 [err] mon average and that
the structure was dense and honobgeneous, and no ani sotropy or defect was
observed. After the glass was poli d with CeQ2, the surface
roughness (Ra) was about 4 A The glass had a specific gravity of 2.50,
Young's nodul us of 13,000 kgf mrerr] and Vickers hardness of 590 kgf

mierr]. The | aser beam absorption prq@%r ey%)f a test piece having a
t hi ckness of 0.635 nm was exam ned to find ]t had an absorbance of
0.48 and -14- transmttance gof 34 0%

for a light of C%ngﬁ, RotdE of 1,064 nm and an ahspdgnce of 0.41 and
transmttance of 38 8%for a Ilght of a wave length of 532 nm The

texturing withI@W #&derialsych a vave +-ength—was—al-se—excelbent—Orthe—
ot her hand, th&dedlaes ghask)produced i 15 Exanpl & 1 scarcely absorbedythese

| aser beams angﬁt g)e absor bance was 0. 0270arbd traansinttﬁncge wa;o 98'5 7 _?,} 2

1,064 nm 26 to 9
L120 8.2 9.1 5 13.5 9.2

Cao 3.
BaO 1.
Zno _ 1.
Al,04 ' 4.
B,03 - - -
P,05
Sb,03
Fe,03 4.6 2.7 -
Cr203 - - 1.8
Nio - - -
V405 - 2.7 -
CuO - - -
MnO, - - 0.1 - -
MoOj5 - - 0.02 - -
Ce0, 0.5 0.5 - - 0.5
F ' 0.9 0.9 0.9 0.5 0.9
Cl 1.8 1.8 1.9 4.0 1.9
Amount of Cl after
, crystallization 0.3 0.1 0.3 0.5 0.3
(wt. %)
Melting temperature - 1400 1400 1400 1400 1400
(°c)
Primary heat treatment 600 500 560 520 500
) temperature (°C)
Crystallization 665 550 630 575 550
temperature (°C)
Crystal size (um) 0.08 0.07 0.05 0.20 0.10

9.
3.8
2.1
1.1
4.2

=N W

6 7
% 1
.0 .0
9 1

W = =2 W
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Crystallized gl asses were-produced in the same manner as that of Exanple 5
except .that the conpositi'on, primary heat treatnent tenperature and
crystallization tenperature were altered as given in Table 2. The
properties of the glass are given in Table 2.

Table 2 Conposi tion of Exanmpl e raw material for
glass (wt.% 5 6 7. 8 9 Siqerr]
70.0 69. 4 71.9 70. 8 71.2 Li[err] O 9.2 9.1
9.5 13.5 9.2 CaO -16- 36 3.6 3.8 -
3.7 BaO 1.9 1.9 2.1 1.5 2.1 Zn0O
1.0 1.0 1.1 1.0 1.0 LI err] . 4.0
39 42 15 41 Berr]ddat d¥hkinuea i ;
3.0 P205 2.0 2.0 2.2 3.5 2.1
Sb[err]Jerr] 0.5 0.5 0% 1% 2 0.5
Fe[err](err] 4.6 2.7 anp 0.1 -
Cr[err]qerr] - - 1.8 [ N Q
- - - 0.1 - Vlerr]dserr] 6 7 8 g
2.7 - 0.1 2.8, QO - - -
01 ) vh&irface roughness Ra (&) 4 10 44 9 Nﬁt{crr]
- - optld2al properties
(at A =1,064nm)
-Absorbance 0.48 0.33 0.55 0.18 0.09

Transmittance (%) 34.0 47.2 27.8 66.5 82.3

Since the crystallized glass of the present
invention forms microcrystals having a grain size of
not larger than 0.3 pm, the glass is usable for
producing substrates for magnetic disks or
optomagnetic disks having a surface roughness of 10 &
or below and is also usable for the high-density
recording.

Since the raw material for glass has a low
melting temperature, it is usable for the mass
production of glass substrates free from foams or
striae at a low cost. Further, thé glass has a low
specific gravity, excellent mechanical strength and
chemical durability, and is easily moldable. Thus,
the glass has extremely desirable characteristics as a
material for substrates for information-recording
media. _

Further, according to the present invention,
substrates for disks having excellent texturing with a
laser can be obtained.



Ceg err] 0.5 0.5 - - 0.5 F
0.9 .0. 0.9 d
9 4.

9 0.5 1.8 1.8 .
5109 08 s e ety ng temperacure HANHIIMCHREI NN
1400 1400 1400 ([err]C) Primary heat treatnment 600 " 500t "560 *
520 500 tenperatur: E{err]C) Crystallization 665 550 630

575 550 tenperatur err] O C}ystat4%L;e ([err]m 0. 08 0. 07

0. 05 0. 20 0. 10 -16-

Tabl e 2-conti nued Exampl e

5 6 face roughness Ra (A 4 10 4

9 5 Cptic% AL ISS U Tr] =1, 064nn) Absorbance

0.48 0.33 0. 55 0.18 0.09 Transmittance (% 34.0 47.2 27.8
66.5 82.3 F.ncq (he fualdd LAl et o dipASe igyention
forms mcrocrystals having a gfﬁiﬁ'sizgﬁb not larger than 0.3 [err]m the

gl ass i s usabl énfgrmation-recording disk, which has been obtained by

"melting a raw material for glass consisting
essentially of, in weight percentages in terms of
oxide, 55 to 85% of Si0O,, 5 to 20% of Li,O0, 0 to 10%
of K,0+Na;0, 0 to 10% of MgO, 0 to 20% of Cao, OIto
10% of Sr0, 0 to 10% of BaO, 0 to 10% of Zn0O, 0 to 10%
of A1203, 0 to 15% of B03, 0 to 6% of P,0g5, 0 to 3%
of TiO,, 0 to 3% of ZrO,, 0 to 3% of SnO; and 0 to 1%
of As;03+Sb,03, 0.1 to 10% by weight of fluorine (F)
and 0.1 to 20% by weight of chlorine (Cl), molding the
molten material, vitrifying the molded material and
subjecting the vitrified material to crystallizing
treatment, and which contains at least 0.05% by weight
of chlorine after the crystallizing treatment.

2. A crystallized glass for a substrate of an
information-recording disk, which has been obtained by
melting a raw material for glass consisting
essentially of, in weight percentages in terms of
oxide, 55 to 85% of Si0,, 5 to 20% of Li,0, 0 to 10%
of K,0+Na,0, 0 to 10% of MgO, 0 to 20% of Ca0, 0 to
10% of Sr0, 0 to 10% of BaO, 0 to 10% of Zn0O, 0 to 10%
of A1203, 0 to 15% of B,03, 0 to 6% of P05, 0 to 3%
of TiO,, 0 to 3% of 2r0,, 0 to 3% of Sn0,, 0 to 1% of
As;03+5b,03, 0 to 10% of Fey03, 0 to 10% of Cr,03, O
to 10% of NiO, 0 to 10% of V505, 0 to 10% of CuO, 0 to
10% of MnO,, 0 to 10% of MoO3, the total of
Fe;03+Cry03+Ni0+V,05+Cu0+Mn0,+Mo03 being 0.5 to 10%,
and 0 to 3% of CeO,, 0.1 to 10% by weight of fluorine
(F) and 0.1 to 20% by weight of chlorine (Cl), molding
the molten material, vitrifying the molded material
and subjecting the vitrified product to crystallizing



produci ng substrates for nmagnetic disks or optomagnetic disks having a
surface roughness of 10 A or below and is al so usable for tnﬂm i
recor di ng. Since the raw material for glass has a | ow 'ﬁm"('mﬂmmm |
tenperature, it is usable for the nmass production of glass suUbstratesufree «
fromfoans or striae at a |low cost. Further, the glass has a | ow specific
gravity, excellent nechanical strength and chem cal durability, and is
easily nol dabl e. Thus, the glass has extremnely desirable characteristics as
a material for substrates for informatidf=recor di ng nedi a. Furt her,
according to the present invention, substrates for di sks having excell ent
texturing with_a |aser can_he ohtained, . .

S17- \WHAT |s""c’tE?\r%R}EEStPs?““B which gongainssply Leask §-908 O “eigsirate
of an i nformat ofnchdomidengfidiesk thehicelyshadliedngoltiraiateaenty. nelting a raw
material for glass consisting essentially of, in weight percentages in
terns of oxide, 55 to 85%of SiJerr], 5to 20%of Li[err]O O to 10% of
Klerr]OtNa[err]O 0 to 10% of MgO, O to 20% of CaO, O to 10%of SrQ O to
10% of BaOQ, 0 to 10%of ZnO O to 10% of Al[err](Jerr], 0 to 15% of
Blerr]Jerr], 0to 6%of Plerr](Jerr], 0to 3%of Ti2, 0 to 3%of ZrA2, O
to 3% of SN2 and O to 1% of As[err](Jerr]+Sb[err]derr], 0.1 to 10% by

wei ght of fluorine (F) and 0.1 to 20% by wei ght of chlorine (C), nolding

t he




nmolten material, vitrifying the nolded material and subjecting the
vitrified material to crystallizing treatnment, and which contains at |east
0. 05% by wei ght of chiorine after the crystallizing treatnent. 2. A
crystallized glass for a substrate of an information-recording di sk, which
has been obtained by nelting a raw material for glass consisting
essentially of, in weight percentages in terns of oxide, 55 to 85% of
Sigerr], 5to 20%of Li20, 0 to 10%of K err]OtNa[err]O 0 to 10% of MO
0 to 20%of CaO 0 to 10%of SrO O to 10%of BaO 0 to 10%of ZnO O to
10% of Al[err](err], 0 to 15%of Blerr](err], 0 to 6%of Plerr]Jerr], O
to 3% of TiJerr], 0 to 3%of ZrA2, 0 to 3%of Sngerr], 0 to 1% of
As[err]err]+Sb[err](Jerr], 0 to 10% of;de[err]Jerr], 0 to 10% of
Cr[err]derr], 0to 10%of NNO O to 10%of V[err]Jerr], 0 to 10% of CuQ

0 to 10% of Mn(Jerr], Ot Y
Fe[err](err] +gr [ er]r] a er??i%f%ﬁ#/f%?ﬂﬁ'é%%]é%(ﬁ%%%gif+%q _err] bei ng
0.5 to 10% and 0 to 3% of Ce@NFORMATIONHRELOORDIRIGGMISHE f| uorine (F) and

0.1 to 20% by wei ght of chlorine (), nolding the nolten material,
vitrifying the nolded material and subjécting the vitrified product to

crystallizing ABSTRACT OF THE DISCLOSURE {eatment, and

whi ch contains at |east 0.05% by weight of chlorine after the crystallizing
treatment. A crystallized glass for a substrate of an
information-recording disk, which has been obtained by
melting a glass forming material consisting essentially
of, in wt.% as oxide, 55 to 85% of S5i05, 5 to 20% of
Lizo, 0 to 10% of K,0+Nay0, 0 to 10% of MgO, 0 to 20% of
Ca0, 0 to 10% of Sxr0, 0 to 10% of BaO, 0 to 10% of ZnoO,
0 to 10% of Al,03, 0 to 15% of B,03, 0 to 6% of P50z, 0
to 3% of TiO,, 0 to 3% of Zr0,, 0 to 3% of SnO, and 0 to
1% of As;03+5by03, 0.1 to 10 wt.% of F and 0.1 to 20wt.%
of €1, molding, vitrifying and crystallizing the
material, and which contains at least 0.05% by weight of
chlorine after crystallization. The glass forming
material may further contain 0 to 10% of Fe,03, 0 to 10%
of Cr,03, 0 to 10% of NiO, 0 to 10% of V,0;, 0 to 10% of
Cu0, 0 to 10% of MnO,, 0 to 10% of MoOj3, .the total of
Fe;03+Cry03+Ni0+V,05+Cu0+Mn0,+M005 being 0.5 to 10%, and
0 to 3% of Ce0,. The crystallized glass has a
microcrystalline structure and surface properties
desirable as a substrate material for an information-
recording disk as well as excellent meltability and

moldability.



