METHOD OF MANUFACTURING GLASS BLANK, METHOD OF MANUFACTURING
MAGNETIC RECORDING MEDIUM SUBSTRATE, AND METHOD OF MANUFACTURING
MAGNETIC RECORDING MEDIUM Technical Field [0001] The present invention relates
to a method of manufacturing a glass blank, a method of manufacturing a magnetic recording
medium substrate, and a method of manufacturing a magnetic recording medium.

Background Art
METHOD OF MANUFACTURING GLASS BLANK, METHOD OF

MANUFACTURING MAGNETIC RECORDING MEDIUM SUBSTRATE, AND
METHOD OF MANUFACTURING MAGNETIC RECORDING MEDIUM

Technical Field
[0001]

The present invention relates to a method of manufacturing
a glass blank, amethod of manufacturing a magnetic recording medium

substrate, and a method of manufacturing amagnetic recording medium.

Background Art

[0002]

As a method of manufacturing a magnetic recording medium
substrate (magneticdisk substrate), therearetypicallyexemplified
(1) a method of manufacturing a substrate through a press-molding
step of subjecting a molten glass gob to press-molding with a pair
of pregsmolds (hereinafter, sometimes referred toas "pressmethod”.
See Patent Literature lor the like), and (2) amethod of manufacturing
a substrate through a procesging step of cutting, into a disk shape,
a sheet-shaped glass formed by a float wmethod, a down-draw method,
or the like (hereinafter, sometimes referved to as "sheet-shaped
glass~cutting method." See Patent Literature 2 or the like).

[0003]

In conventional sheet-shaped glass-~cutting methods

exemplifiedin Patent Literature 2 and the like, amagnetic recording




[0002] As a method of manufacturing a magnetic recording medium substrate (magnetic disk
substrate) , there are typicallyexemplified (1) a method of manufacturing a substrate through a
press-molding step of subjecting a molten glass gob to press-molding with a pair of press molds
(hereinafter, sometimes referred to as "press method" . See Patent Literature 1 or the like) , and (2) a
method of manufacturing a substrate through a processing step of cutting, into a disk shape, a
sheet-shaped glass formed by a float method, a down-draw method, or the like (hereinafter,

[ ferred heet- d -cutti hod." [ he lik
10003]  TEHBHOHRIAS WAce LTt Hcal g Un @ s cxerpiied it PAIRH B ure 2 and

the like, gtwggéggwgp%% é\%?gngF)éH %%ts%yg%sd@ained by carrying QHBBegéﬂﬁ%gﬁessing step

of processing a'sh glass into a ape and then carrying out, as'p steps, a lapping

step (rougé}-m{iéfgﬂg, té‘%%%]%ﬂ)s@é‘ﬂs‘?‘ gqgﬁlptii_lﬂ% %rq%%h(ggﬁ%sion-polishing treatnpgagﬁé-pﬁ%ever, it is

disclosed that, in the sheet-shaped glass-cutting shown in Patent Literature 2, the lapping step

(rough-pglishingdtgaHpaibis RiY RIS thred HBH. HaagraHshing step (precisiog ipedighii)tireatment) is

carried out as a polish step. [0004]

However, it is disclosed that, in the sheet-shaped glass-cutting
method shown in Patent Literature 2, the lapping st ep
(rough-polishing treatment) is eliminated and only the polishing
step (precision-polishing treatment) is carried out as a polish
step.

[0004]

Ontheotherhand,inconventionalpressmethodse xemplified
in Patent Literature 1 and the like, a magnetic rec ording medium
substrateisusually obtainedbycarryingoutapre ss-moldingstep
with a method of press-molding a molten glass gob, in which the
molten glassgobisplacedinalowermoldandapr essing pressure
isthenappliedtothemoltenglassgobfromtheve rticaldirection
by using an upper mold and the lower mold (hereinaf ter, sometimes
referred to as "vertical direct press"), and then c arrying out a

lapping step and a polishing step.

[0005]

Inaddition, itis proposed that, in the press met hod shown
inPatentLiterature 1, the press-molding stepisc arried outwith
amethodinwhichapressing pressureis appliedto amoltenglass
gob from the horizontal direction by using a pair o f press molds
arranged so as to face each other in the horizontal direction



On the other hand, in conventional press methods exemplified in Patent Literature 1 and the like, a
magnetic recording medium substrate is usually obtained by carrying out a press-molding step with a
method of press-molding a molten glass gob, in which the molten glass gob is placed in a lower mold
and a pressing pressure is then applied to the molten glass gob from the vertical direction by using an
upper mold and the lower mold (hereinafter, sometimes referred to as "vertical direct press"), and then
carrying out a lapping step and a polishing step. [0005] In addition, it is proposed that, in the
press m Hlod .sh?wn in Pattent Lit(?ratu(rjil t,l’berEres§ rpolding step is carri%d out with a method in
which a ee§‘§fH8 b%&&ﬁ?s fg'gﬁ{)‘ﬁeedrteo or%sol Y '6? LS gob from the horizo {Eﬁ%t%%?% "by using a pair
of press - i horizontal direction i E sometimes
PR ABangg ﬁé‘fﬂ?%ﬁ?&f& ugﬁ&‘ﬁ{ @&Tﬁe fBF{ﬁ%gg tts

s I : .
referred to as "horizontal direct press er, Patent Literature 2 discloses owing four

respects & advaniages and drafvaniages 'R sess oL BRIBNNG the horizonigl i ggepress: (1

there is a difficult aspect that a pair of préss molds must be moved at a high spee a molten glass

gob can HSr&M%tGﬁé@tmﬁ%WQP‘ﬁlﬁ@ré@%r(ﬁfﬁafﬁ  which its temperature iphigihthed)z thinner
glass substrate precursor (glass blank) can be obtained; and (4) a polish step can be diminished or

eliminatgghiHofysees RMatesthiletaioremadvéeest rohidiacipseadyhat kind of polish @ea aasltea diminished
or eliminated. [0006] Further, when the press-molding step exemplified in Patent Literature 1 or
the like iglzasigobman desolbgecipalts gas shiatakl sigajedéed to pre s s-moldirsgesaisudtizfiormed by
cutting the forward end portion of a molten glass flow falling downward in the vertical direction by
causing #pEmpleshtiaehsigh 1633 @Evnhemgtagshsglask flow. Thus, a separadthpiealrpesduced by
the contact with the shear blades is formed in the surface of the molten glass gob. As a result, when a
glass blatetassianklgasherbinadnnskdlanekisiaate is manufactureSHREEMEEFBRECt press,
there finally remain, in both surfaces of the glass blank, an irregular portion (which may be referred to

as "sheaP YR ALGEL HOWEHRT R IR LSS RIBRZ AR air bubble derived 3FiFCIRE MM ation mark.

';’f;gvsv,e Irt :fﬁlﬁ[r}pﬁfjﬁflf@ kl[%'% %ﬁ%ﬁ%ﬁiﬁ%ﬁfgﬁ ela 8F0éﬂ9ne|g a{tneg]e central portion of the molding surface of

[0006]

Further, when the press-molding step exemplified i n Patent
Literature 1 or the like is carried out, a molten g lass gob that
issubjectedtiopress-moldingsusuallyformedby cuttingtheforward
endportionofamoltenglassflowfallingdownward inthevertical
direction by causing a pair of shear blades to cros s the molten
glass flow. Thus, a separation mark produced by th e contact with
the shearbladesisformedinthe surface ofthe mo Iten glass gob.

As a result, when a glass blank for a magnetic reco rding medium
substrateismanufacturedwithverticaldirectpres s,therefinally
remain, in both surfaces of the glass blank, anirr egular portion
(which may be referred to as "shear mark™) such as aminute line,
agroove,oranairbubblederivedfromthe separat ionmark. Thus,
itis proposed that arecessed portionis provided inthe central
portion of the molding surface of alower moldin o rder to reduce



a poll shing allowance of a glas s blank having such shear mark , thereby, for example, improving the
productivity of a magnetic recording medium substrate (see Patent Literature 3). Citation List Patent
Literature [0007] [Patent Literature 1] JP 4380379 B (paragraph 0031, FIG. 1 to FIG. 9, and the
like) [Patent Literature 2] JP 2003-36528A (FIG. 3 to FIG. 6, FIG. 8, and the like)

gpolishingallowanceofglassblankhavingsuch sheamarkthereby,
for example, improving the productivity of a magnet ic recording

medium substrate (see Patent Literature 3).
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to FIG. 9, and the like )

[PatentLiterature2]JP2003-36528A(FIG.3toF IG.6,FIG.

8, and the like)
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0002 to 0007, FIG. 1, and the like)

Summary of Invention

Technical Problem

[0008]

On the other hand, from the viewpoint of enhancing the
productivity of a magnetic recording medium substra te,itisvery
effective to eliminate a lapping step or to carry o ut a lapping
step in ashorter time, the lapping step being carr ied out mainly
forthepurposesofsecuringtheflatnessandunifo rmityinthickness
ofthemagneticrecordingmediumsubstrate adjusti ngitsthickness,
andthelike. Thissbecause carryingoutthela ppingsteprequires
alappingapparatus,andhenceman-hoursformanufa cturingamagnetic



[Patent Literature 3] JP 2001-192216 A (claim 1, paragraphs 0002 to 0007, FIG. 1, and the like)
Summary of Invention Technical Problem [0008] On the other hand, from the viewpoint of
enhancing the productivity of a magnetic recording medium substrate, it is very effective to eliminate a
lapping step or to carry out a lapping step in a shorter time, the lapping step being carried out mainly
for the purposes of securing the flatness and uniformity in thickness of the magnetic recording medium
substrate , adj usting it s thickness, and the like. This is because, carrying out the lapping step require
sa Iappin%c%pgaratus and h n-hour s for manufacturing a magnetic recordi edium

e

substratd TSI [ BT A O RO AN TR Bloases. Furtner, Qs TSI S ep may

cause th%gpgg{r%%gg%gclﬁmhtﬁl% ?Hgaﬁﬁﬁfgﬁp Trﬂ , @e present situationg{astgafh@(amination

is being made on how to eliminate appin re, when the sheet-shaped glass-cutting

method gd the RERSSF mgmq%@mg@é%%f@%g]emgwpoint of eIiminatiryﬁll’@deg step, more

advantageous is the sheet-shaped glass-cutting method, in which processing is carried out by using a

sheet-shapgshigiass thaviedatighRnfiatpeasyMaaudasiured, by a float method, gydaiiriaw method, or
the like. However, the press method has the advantage that glass is used more efficiently compared

with the shelapphapselerssuitivatnieihost-§RPJdglas s-cuttingmethod
andthepressmethodarecomparedfromtheviewpoin tofeliminating
the lapping step, more advantageous is the sheet-sh aped
glass-cutting method, in which processing is carrie d out by using
a sheet-shaped glass having a higher flathess manuf actured by a
floatmethod, adown-drawmethod, orthelike. How ever,thepress
methodhastheadvantagethatglassisusedmoreef ficientlycompared

with the sheet-shaped glass-cutting method.

[0009]

Inordertoeliminatealappingsteportocarryo utalapping
step in a shorter time at the time of manufacturing a magnetic
recording medium by applying post-processing to a g lass blank
manufactured by using vertical direct press, it is necessary to
makethethicknessdeviationoftheglassblanksma llerandtoimprove
the flatness thereof. This is because the process for producing
the magnetic recording medium substrate from the gl assblank does
notincludeastepofadjustingtheflatnessofag lassplate after
the lapping step, and hence a glass blank having th e same level
of flatness as that required for the magnetic recor ding medium
substrate must be prepared to eliminate the lapping step. Here,
when a glass blank is produced by vertical direct p ress, the



In order to eliminate a lapping step or to carry out a lapping step in a shorter time at the time of
manufacturing a magnetic recording medium by applying post-processing to a glass blank
manufactured by using vertical direct press, it is necessary to make the thickness deviation of the
glass blank smaller and to improve the flatness thereof. This is because the process for producing the
magnetic recording medium substrate from the glass blank does not include a step of adjusting the
flatness of a glass plate after the lapping step, and hence a glass blank having the same level of

flatness as that r quirep for the magnetic r?cordin megium substrate must be ePar d to eliminate
the lappile RS LT A JILL Rl b ARELRH Fvertical direct presS NG Ellperature of a
lower m%wgfsfﬁ%ﬁet?%‘ﬁﬁwe%f@F"igﬁt'%m}f;v@r hap temperature of &Rﬁ%{%iggsrature molten

glass gob in order to pre e molten glass gob from melting and bonding to er mold. Thus,

during thg, B?(ﬁ@dtérﬁrr@\}%'ﬁgﬂg hiaTsNa T %95@5% Ai:ife lower mold until ﬂ&ﬁm%ﬁéﬁi olding, the

molten glass gob Ioses heat through the surface being in contact with the lower mold, and hence the

viscosity igtesoleiansidfaasual dopmpeiepaaaseatpplaced on the lower fogpld ieembiiagreases. As a
result, the press-molding is carried out to the molten glass gob having a wide viscosity distribution

(temperajluesdistidritielweratiidingiReaiiamngoiraisrasist stretching by pragimdperigesitencooling speed
after the press-molding is different for each site in a glass molded body produced by stretching glass
by pressgiasisyapdosas hehttiheon pheateshafzcbensgoLently, a glass blanlotitattsvittatmgfactured by
using vertical direct press is liable to have an increased thickness deviation or to have a deteriorated
flatness. [[peeoMold, Ihddenas diee rissrityatd thealopved Step or to carry out afappiabtesp in a
shorter time at the time of producing a magnetic recording medium substrate by a press method, it is
recomménaéeng|ataahdiised sy R IgMRICNAAdasRIlEh glass gob unifornéeReRFatBR/prior to the
start of pre s s-molding . In order tg achieve the goal, it is recommended to separate the forward end

portion of EER1YhEREERSSHBR HIGIRF BRI IHRE IR the vertical directionEMAA§RE D utlet, thereby
forming a molten glass gob, and to perform press-molding to a falling molten glass goh by horizontal
direct pr Y'Wﬁ%’%gygﬁﬂ@'%gﬁﬁ%ﬂﬂgg SW@e{%Sl‘grily not brought intd%gfﬂﬁ%ﬂn ith and not held
by a member having a temsp rature lower tp%n th%t of the molten glass gob, suc# as a lower mold,

during th%rBQHBE‘% ' the o faenregﬁz'isstssgrgbclslg%bjg&reeos?d press-molding, and eer?(l:eet?‘{eaviscosity

distributi%afﬁge%éggmﬁge%Qgg_ﬁi(ﬂémafgrmﬁfg}g}ﬁdiately prior to the start (ﬁ&gﬁe:ﬁ?émolding.

Therefore, In lass b IS"manufactured by using horizontal direct press, it is

extremelmga%gh{&@g@m@yw@ﬁg@@mq@%of the thickness %?E@@rﬁgg,% reduction of

the flatness, compared with the case where a glass blank is manufactured by us ing vertical direct
press. Thigsadf totkRNEoR prapaishapl. todhiseesoed), B gReyys likely that elimingity elanping step or
carrying out a lapping step in a shorter time can be easily realized. [0011] However, although a
shear mananefaaingead theusicigiteafdhiedoent ptesytiohadf the glass blank thatésanevwegagiured by
using vertical direct press, a shear mark remains at a position away from the vicinity of the central
portion ointre atask hickietsd éyiatzmudatdiradeaydeddarigrhori z ontal direct patesl #atRasther, when a
glas s blank is processed into a magnetic recording medium substrate, a shear mark remaining at a
position away fréPR vicinity of the central portion of the glass blank may have a chance of
remaining at a position serving as the main surface of the magnetic recording

Thus, in order to eliminate a lapping step orto ¢ arry out
alappingstepinashortertimeatthetimeofpro ducingamagnetic
recording medium substrate by a press method, it is recommended
to make the viscosity distribution of a molten glas s gob uniform
immediatelypriortothestartofpress-molding. | nordertoachieve
the goal, it is recommended to separate the forward end portion
ofamoltenglassflowflowingoutdownwardinthe verticaldirection
from a glass outlet, thereby forming a molten glass gob, and to



medium substrate, even after a central hole-forming step of forming a central hole is carried out. Thus,
even if the thickness deviation and flatness of the glass blank are immensely improved by employing
horizontal direct press, it becomes difficult to eliminate a lapping step or to carry out a lapping step in a
shorter time because the shear mark must be removed. [0012] A first aspect of the present
invention has been made in view of the above-mentioned circumstances, and has an object to provide
a method of manufacturing a glass blank in which a shear mark is localized in the vicinity of the central

ti fagl blank t bl ' f db ing hori | direct ,
method SR TR AR TR TG WA A tairate and 2 medRBHAHAR factarng a
ti ' ' ' f facturi lass bl . Further,
cocond R P B O <O the above mE R REA Bbioms, anc

has an oRIRqYQ: RNV 2 SHelaOd, th BRAWACHUIAD R J'RwsPlank for manuftachuina, Ry

s-molding molten-glass, a glass blank for a magnetic recording medium substrate, the glass blank

having aafplb FRiCKERRSIMARIRR: IERTORaINgESRIBBSS, and enabling assheaisaisdp be removed

while central-hole forming processing is being performed, a method of manufacturing a magnetic
recordingroRrdigonayhasaserisuwinthtaegiaskdiagiksvajpifactured by the methgdsdppsribed above is
processed into a magnetic recording medium substrate without carrying out a lapping step, and a
method abpnessHiadidimgandisnaibevsooditgdivedium by using a substraiacfibennalttured by the
method described above. Solution to Problems

glass gob is kept uniform immediately prior to the start of
press-molding. Therefore, in the case where a glas s blank is
manufacturedbyusinghorizontaldirectpress,iti sextremelyeasy
to fundamentally suppresstheincrease ofthe thick nessdeviation
and the reduction of the flatness, compared with th e case where
aglassblankismanufacturedbyusingverticaldir ectpress. Thus,

if attention is paid only to this respect, it seems likely that
eliminatingalappingsteporcarryingoutalappin gstepinashorter

time can be easily realized.

[0011]

However,althoughashearmarkremainsinthevici nityofthe
central portion of the glass blank that is manufact ured by using
verticaldirectpress,ashearmarkremainsatapo sitionawayfrom
the vicinity of the central portion of the glass bl ank that is
manufacturedoyusinghorizontadirectpress. Fur therwheneglass
blank is processed into a magnetic recording medium substrate, a
shear mark remaining at a position away from the vi cinity of the
central portion of the glass blank may have a chanc e of remaining
atapositionservingasthemainsurfaceofthema gneticrecording



[0014] The inventors of the pre sent invention have intens ively studied in order to solve the
above-mentioned problems which the first aspect of the present invention targets. As a result, the
inventors have found the findings described below. First, cutting a molten glass flow forms a
separation mark at an upper portion of a molten glass gob and at the lower end of the molten glass
flow, and the separation mark at the lower end of the molten glass flow is heated by surrounding
high-temperature glass, thereby disappearing by the time of the next cutting. However, the separation
mark formed at the upper portion of the molten glass gob does not disappear buf.remains as it is, and
Pence the C A U AL G0 RIS BTN the molten glass SEE ALAICAIG, shear mark

to occur %M@%m%gﬂ%&ﬁw q,fhﬂgg é%mgg, the inventors of the rﬁﬁﬁlﬁﬁ@g%iﬁo' t have made

studies on what causes a shear mark to remain at a position away fro e VICI e central

portion ogH&ﬁlg{ﬁéggg%léM%m@mwwm&orizomm direct w@%ﬁﬁ{aﬂgg\gnages of a

falling molten glass gob with a high-speed camera and replaying the taken images slowly. [0015]

First, ampiaadiasgigresebhcenniagimithfreiding surfaces of press mpiggelpsgsingat to the
molding surfaces, and is solidified so as to attach to the molding surfaces. Then, glass with low
viscosity dnsidsy toe anatient alagspdtpdteprreadhaytereissing into the space sandwishasbyr pair of the
molding surfaces. Here, when the molten glass gob falls without changing its direction at the time of its
cutting, ssheparatok Mmask e egarduady positioned at an upper portion of the molten glass gob at the
time of the start of the press. Then, if the molten glass gob is pressed as it is, the separation mark
should be pushd@@i#]to an outer edge of a flat glass obtained by press-molding so as to have a thin
plate shape. However, the molten glass gob was actually press-molded into a flat glass in which a
separation markA\i5St peRRISAENRPECARIH RN BREDERTY e region of the ViCﬁf?@'@VW central
portion. That is probably the reason why a shear mark remains at a position serving as the main
surface S HRRAAGIERHARAG HREUlRCONsSAN FPERNGBSss blank manul8EHRBEPYIAGSsing horizontal
direct press. Note that the reason why the separation mark moves to the above-mentioned position is
estmated HEUTHE ) S8R OUAR AR5 AT HENTGREh oinss gob pushe B LBEgan mark out

to moldir]g smfrfa(ae siﬁles. 0016 Thus, in.qrder For the shear mark remainiqg inthe glass blank to
calize in e Vi |n|ﬁ¥ fthe cen (r]alrpor I0N.0 . aglassh ahk’
be presentin the region which Is removed’in a central hole-forming step carried out at the time of

manufacy#ﬁi&g & ggtméﬁ%ngilqg% 'e agleﬁ{soggﬁ?% imﬁigecessary for the gﬁp%raﬁjge[mark present

in the surface of the molten glass gob to e, at the time of press-molding, Into contact

with the W@Q@gas%@ﬁ%ﬂ %F'}ﬁé’rﬁﬁﬁé‘cmﬂw& %W!}, gatliggithan any other pﬁ@ti%&&me surface

of the molten glass gob. In this case, the molten glass gob can be stretched isotropically by
press-mejdingratednddnfe aarasaian imaiuprrranhihéw surface of the melerdiepacintim
Consequently, a shear mark can be caused to remain in the vicinity of the central portion of the glass
blank. Thissni iadotewoessarydnyfertidig Rrgasamburit.of a grinding allowance and/or a polishing
allowance in order to remove a shear mark, and eliminating a lapping step or carrying out a lapping
step in a shorter{@i@i8Fan be realized.

Further, a second aspect of the present invention has been
made to solve the above-mentioned problems, and has an object to
provideamethodof manufacturingaglassblankfor manufacturing,
bypress-moldingmoltenglass,aglassblankfora magneticrecording
mediumsubstrate theglassblankhavingasmalith icknessdeviation,
having a good flatness, and enabling a shear mark t 0 be removed
whilecentral-holeformingprocessingisbeingperf ormed,amethod
of manufacturing a magnetic recording medium substr ate, in which
aglassblankmanufacturedbythemethoddescribed aboveisprocessed



[0017] The first aspect of the present invention has been made in view of the findings described
above. That is, a method of manufacturing a glass blank according to the first aspect of the present
invention includes at least: forming a molten glass gob by separating a forward end portion of a molten
glass flow flowing out continuously; and after the forming of the molten glass gob, press-molding the
molten glass gob dropping down with a first press mold and a second press mold arranged facing
each other in a direction crossing a direction in which the molten glass gob drops down, in which: the
press-molding is carried out so .that the.molten glass gah is brought into contact with at least one

AE LR 2

molding SR8 SGRENEd ?r%%dén%m& i&@uﬁéce bress mold and a Pr%féﬁﬂ& Si¥race of the
d mal [ [ ich d f f1 I b

during the BRI o ey o S U RHRIRRE, s flow, chdr = Seaal B which the

separatigndpRii B ERilg A IRRHAEHANANG Rud3RRiIRNAne sheet of theiglaspbiaHeis used for

production of one Sheet 0f a magnetic recording medium substrate having a central hole. [0018]

In one erglggément of the method of manufacturing a glass blank according to the first aspect of the
present invention, it is preferred that : the forming of the molten glass gob be carried out by separating
a forward end portion of a molten glass flow flowing out continuously toward a vertical downward
direction; and the press-molding include carrying out applying an external force to at least one glass
material @ohdipressPnoldechselected from: (1) the forward end portion of the molten glass flow to be
separated as the molten glass gob during the forming of the molten glass gob; and (2) the molten
glass gob droppiAgXHwn in a period just after completion of the forming of the molten glass gob to just
before start of the press-molding, from a direction crossing a vertical direction so that a vector sum of
forces acting in A RFtREBIPIsBiPERtRERINCALUMANEENANSS the glass material\tBI§dystiess-molded
parallel to the vertical direction substantially exceeds 0, in order to rotate the molten glass gob so that

the moltdACERECBY LARAROKFIGIRS CRIRBIGTWHHUE least one moldifl §lIFRREPSSected from the

molding syrface of the fir d the molding surface of the second press mold facing a

st press mold a i
separati %m%%w&efﬁ‘%@@?%’gﬁﬁé?%lhgag of the molten glass gBlY &g 1A% separating of

the forw%cb ﬁg%g%lﬁp} of égg m %ag quC?V\S/. ilros\f\,'bﬂﬂpnegr a state in which the és%?t@r%lg% Sngark faces the
at least one molding surface. f(5

flowforms a separation mark atan upper portion of amoltenglass
gobandatthelowerendofthemoltenglassflow, andtheseparation
markatthelowerendofthemoltenglassflowish eatedbysurrounding
high-temperature glass, thereby disappearing by the time of the
next cutting. However, the separation mark formed at the upper
portion of the molten glass gob does not disappear butremains as
itis, and hence the separation mark formed at the upper portion
of the molten glass gob causes a shear mark to occu rin a glass
blank. In view of the foregoing, the inventors of the present
invention have made studies on what causes a shear mark to remain
atapositionaway fromthe vicinity of the central portionofthe
glassblankthatismanufacturedbyusinghorizonta Idirectpress,
by taking images of a falling molten glass gob with a high-speed

camera and replaying the taken images slowly.



In another embodiment of the method of manufacturing a glass blank according to the first aspect of
the present invention, it is preferred that: a cross-section near the forward end portion of the molten
glass flow in a plane surface perpendicular to a direction in which the molten glass flow drops down
have a substantially elliptical shape having a major axis and a minor axis; and the separating of the
forward end portion of the molten glass flow be carried out by allowing a pair of shear blades to
penetrate the molten glass flow from a direction substantially perpendicular to the direction in which
the molten gIaSjgﬁgéjrops down and substantially identical to a major axis direction of the
cross-section n forward end portion of the molten glass flow and from a direction opposite each

other and crossipgsq&ﬁéi%fgi%gﬁ mo[%%%%l?ntac%ﬁ’?ﬂﬁ“er embodiment OH ﬁtggéjsof

manufacturing a glass b g to the first aspect of the present invention, it Is preferred that:

the Sepa@ﬂf&%%\ﬁg%‘é’é‘éﬂ%ﬂ@ﬁﬁ%ﬁhﬂfﬁ@ﬁrf%g@ﬂ glass flow be cargad Quiiglpwing a pair of

shear blades to penetrate the molten glass flow from a direction substantially perpendicular to a

directiondp whieh i@ cpolicthelassidpy dirrecdewmai fpm a direction opposidg gaghigitier and
crossing a vertical direction; and a cutting portion of each of the pair of shear blades be branched and

have anyRresihppriselestat diem glassiyapaoscedd-shape. [0021] In pregbieigambodiment of
the method of manufacturing a glass blank according to the first aspect of the present invention, it is
preferredhbapte sapdrsittie civgrip alhodthsnpotdiegisanfahe surface of the oasltdhegéasdgab just before
carrying out the press-molding, be positioned on a straight line connecting a central point of the molten
glass goltheraniteinglassidioly fallsadthselctheadiomithdimolding surface of thectisst ptéee mold and the
molding surface of the second press mold in a shortest distance. [0022]

time of its cutting, a separation mark is eventuall y positioned
atanupperportionofthemoltenglassgobatthe timeofthestart
of the press. Then, if the molten glass gob is pre ssedasitis,
the separationmarkshouldbe pushedouttoanoute redgeofaflat

glass obtained by press-molding so as to have a thi
However,themoltenglassgobwasactuallypress-mo
glass in which a separation mark was positioned in
excludingtheregionofthe vicinity ofthe central
isprobablythereasonwhyashearmarkremainsat
as the main surface of a magnetic recording medium
theglassblankmanufacturedbyusinghorizontaldi
thatthereasonwhytheseparationmarkmovestoth
positionis estimatedthatthe glasswithlowvisco
moltenglassgob pushesthe separationmarkoutto
sides.

[0016]

Thus,inorderfortheshearmarkremaininginthe

tobepresentintheregionwhichisremovedinac
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In another embodiment of the method of manufacturing a glass blank according to the first aspect of
the present invention, it is preferred that the press-molding be carried out so that the molten glass gob
is completely extended by pressure between the molding surface of the first press mold and the
molding surface of the second press mold and be molded into a flat glass, in which at least a region in
contact with the flat glass in each of the molding surface of the first press mold and the molding
surface of the second press mold form a flat surface. [0023] Amethod of manufacturing a

magnetic fecording medium substrate according to the first aspect of the present invention includes:
e ARG A e ek 1 A 1B A RNEGA moken glacs ot B) Sai g  forward

end porti%m T g%ﬁﬂa&@%ﬁélﬂ ng\g/érllgzﬁwhce%g%\%lﬁ%y; and after the forwﬁ]grnﬁéo%%&?lten glass

gob, press-mo e molten glass gob dropping down with a first press mol a second press

mold arrangeddasing eaehedihsitdn agggﬁggq&m&a direction in which @gdpfgy%{gtglgss gob drops

down; and then manufacturing one Sheetof a magnetic recording medium substrate from one sheet of

the glassihanis: 'F@!s{édiﬁGIéﬂéﬁﬁftbf@HﬁfHGthﬁﬁﬁHé'rﬁQiGiﬁt a central 'porf[ion cg_gmﬁae%ﬁace of the
glass blank; and polishing the main surface, in which the press-molding is carried out so that the

molten gtaeggessimblaygbbistancaniesawahtableast @igenolding surface selegtgeddrafa molding
surface of the first press mold and a molding surface of the second press mold facing a separation
mark, whitbsisrfanaefiremwbeanglessdobe Inthitecagkass gob during the seffeatoitengtassforward end
portion of the molten glass flow, under a state in which the separation mark faces the at least one
molding soiiacan [0e Zjetchetiniratiogicthyabyifargasngaidinggnetic recording medinmatistrate
according to the first aspect of the present invention includes: manufacturing a glass blank, including
at least: RSRAMRYIAMIBAEA RRSSH D the septaesf) BeRRIE end portion of a Nlolés YRR flow flowing
out continuously; and after the forming molten glass gob, press-molding the molten_glass gob dropping

down with @ fR4yreLY . AsRE R KEeahE FRUSSHOIE RN ged facing each SiRIGH ENdirection

crossing a direction in which the molten glass gob. drops down; manufacturing one sheet of a magnetic
recording 8%%@[%’&@?@#%9& %% ilfﬁd'?é glass blank, includind' 3P fEBEE43PRINg a central

hole at a Sepéra}bggfgpn g;naobnna{ir}ésurrifg e Oglm\?v rI]asésablank; and polishirrl%}greamqugﬁrt]ﬂface; and then
manufac’fuﬁng a magrsr:’e IC recordin me(ﬂgm, INc ualng at least forming a magr%?lc recgrding layer on

amain SLHT%%%EIF;&@@W&B&%HQ&?}HQR%&Q ate, in which the dﬁé@ﬁgﬂg@ is carried out

so that the molten glass go rought into contact with at least one moII ng ce selected from a
molding stufssieph, SLRbBISSAGERIdiARY B fapring surface of the seqpachRERTEATekfacing a
separation mark, which is formed on a surface of the molten glass gob during the separating of the
forward end porfigmef the molten glass flow, under a state in which the separation mark faces the at
least one molding surface. [0025]

The first aspect of the present invention has been made in
view of the findings described above. That is, a m ethod of
manufacturing a glass blank according to the first aspect of the
present invention includes at least: forming a molt en glass gob
by separating aforward end portionofamoltengla ssflowflowing
out continuously; and after the forming of the molt en glass gob,
press-moldingthemoltenglassgobdroppingdownwi thafirstpress
moldandasecondpressmoldarrangedfacingeacho therinadirection
crossing a direction in which the molten glass gob drops down, in
which: the press-molding is carried out so that the molten glass
gohisbroughtintocontactwithatieastonemoldi ngsurfaceselected

11



A shear blade according to the first aspect of the present invention at least includes a substantially
plate-shaped body portion, a blade portion, which is provided at an end portion side of the body portion
and cuts the forward end portion of a molten glass flow continuously flowing out downward in the
vertical direction from the direction substantially perpendicular to the direction to which the molten
glass flow falls down, and a pressing member which is provided at a lower surface side of the body
portion, stretches to a blade portion side from a body portion side, and presses the forward end portion

[ llaborati ith th hat the blad ' h d ' h
motten glLQt RO S THS R G AEREIA s fiow [0026] SRLIURBLARENt of he

hear bl ' fi - ' ' ferably, i '
mombor S & SN AE 8 a1 A A ET AL Sl porton and A FaHEReTor ing the

pressing JH%@B%%IGP@#%W%%W%%%H&?@RR% métgtgb [0027] In adgiltgm,gtggtﬁyentors of the

present invention have intensively studied in order to solve the above-mentioned problems which the

second FepReQE Hip BFEoTRITHBYSOORNGRIE I, Aifderre suit , the inventosg gy favied the findings
described below. Cutting a molten glass flow forms a cut mark at an upper portion of a molten glass

gob and gighe femgi@nehafkiiadeslire glasadtaymeomidiingut mark at the lowesighstef tigimolten
glass flow is heated by surrounding high-temperature glass, thereby disappearing by the time of the
next cuttmge Ahaetaf thargldsst idamore bised Erpresl trctiinhe cut mark formedadtome gpeet portion of
the molten glass gob.

of a magnetic recording medium substrate having a c entral hole.

[0018]

Inoneembodimentofthemethodofmanufacturinga glassblank
accordingahéfirstaspeciothepresentinvent ionjispreferred
thatitheformingofthemoltenglassgobbecarrie doutbyseparating
aforwardendportionofamoltenglassflowflowin goutcontinuously
towardaverticaldownwarddirection;andthepress -moldinginclude
carryingoutapplyinganexternalforcetoatieast oneglassmaterial
to be press-molded selected from: (1) the forward e nd portion of
themoltenglassflowtobeseparatedasthemolten glassgobduring
the forming of the molten glass gob; and (2) the mo Iten glass gob
dropping down in a period just after completion of the forming of
the molten glass gob to just before start of the pr ess-molding,
from a direction crossing a vertical direction so t hat a vector
sumofforcesactinginadirectionperpendiculart oacentralaxis
of the glass material to be press-molded parallel t othe vertical
direction substantially exceeds 0, in order to rota te the molten
glass gob sothatthe molten glass gob can be broug htinto contact
withatleastonemoldingsurfaceselectedfromthe moldingsurface

12



[0028] A high-speed camera is used to take images of an appearance of a falling molten glass
gob under being pressed and the taken images are slowly replayed. The images show that glass
comes in contact with press-molding surfaces, is loses heat to the press-molding surfaces, and is
solidified so as to attach to the press-molding surfaces. Then, glass with low viscosity inside the
molten glass gob is spread by pressing into the space sandwiched by the press-molding surfaces.
[0029] When the molten glass gob falls without changing its direction, a shear mark is positioned

at an upp rtion of the molten glass gob at the time of the start of the pressing. When the glass is
oressed B R R R A L B UL ORE to an outer edge of AFERAANER However

tually, S Wi [ ity insi t b hes th th
Prese T e IS IR B Pomaine in the oL OVLAE o he tin
glass. [0@3fe moitkA &B%@@BB%%% PGB IUPERIYRE Vit a press-molding gykiage ahthe time of

the start of pressing and can be solidified so as to aftach to the press-molding surface, it is possible to

prevent @aasorithi@norisageityibaidm demsitgamlass gob from pushipgthigifleyamaidnio a position at

which the shear mark is out of control. For that purpose, a position at which the shear mark is formed
needs torparRregsedtfiesht least one molding surface.

[0019]

Inanotherembodimentofthemethodofmanufactur
blank according to the first aspect of the present
is preferred that: a cross-section near the forward
of the molten glass flow in a plane surface perpend
direction in which the molten glass flow drops down
substantiallyellipticalshapehavingamajoraxis
and the separating of the forward end portion of th
flowbecarriedoutbyallowingapairofshearbla
themoltenglassflowfromadirectionsubstantiall
to the direction in which the molten glass flow dro
substantially identical to a major axis direction o
cross-sectionneartheforwardendportionofthem
and from a direction opposite each other and crossi
direction.

[0020]

Inanotherembodimentofthe method of manufacturi
blank according to the first aspect of the present
is preferred that: the separating of the forward en

the molten glass flow be carried out by allowing a
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[0031] In addition, glass can be pressed and spread uniformly around the shear mark, and hence
the shear mark can be localized in the central portion of a glass blank. Aglass blank produced by a
method of manufacturing a glass blank described below according to the second aspect of the present
invention is processed into a magnetic recording medium having a central hole. Thus, by localizing a
shear mark in a region at which the central hole is formed, the shear mark can be simultaneously
removed at the time of center-hole forming processing. Consequently, it become s unnece s s ary to
provide g |arge amount o&a rinding allpwance anﬂ olishing allowance in order to remove the shear
mark fro%l?ﬁ%%ng(sn RGHS S‘t%o ]gnolf)e?hg?gggo § s%rggtg o?thdi/present invention ﬁ%(g'BQen made
on the basj r}% 2SCY] 0 order to solve the above- ' ems which
the seco%ygé%%g@@y ?g@?gﬁﬁ?@%ﬁ%ﬁ@%@g%at is, the met%@gﬁ%&%ﬁ@%ming a glass

blank acegrding gmmm%ﬁﬁgsﬁmmvention includes 399@1@;@@@5&95% glass gob

from a molten glass flow flowing out from a glass outlet, press-molding the molten glass gob into a thin

flat glassabyeliiag iessionolsed theigngnseriasoriasch glass blank to be proggssrdjaio a magnetic
recording medium substrate having a central hole, in which the molten glass gob is separated and

falls, andoifshewlistadssssednhiiatied aidshakesasg orithgirgse-molding surfacssidagidgreach other,
thereby molding the molten glass gob into the thin flat glass, and the direction of the molten glass gob
is changedvsslibpethadsde Ashdgpeh the molten glass gob is separated from the molten glass flow faces
one of the press-molding surfaces, followed by the start of the pressing. [0033]

[0021]

Inanotherembodimentofthe method of manufacturi
blank according to the first aspect of the present
ispreferredthatheseparationmark,whichispre
ofthemoltenglassgobjustbeforecarryingoutth
be positioned onastraightline connectingacentr
moltenglassgobtoanyonemoldingsurfaceselecte
surfaceofthefirstpressmoldandthemoldingsur
press mold in a shortest distance.

[0022]

Inanotherembodimentofthe method of manufacturi
blank according to the first aspect of the present
ispreferredthatthepress-moldingbecarriedout
glass gob is completely extended by pressure betwee
surfaceofthefirstpressmoldandthemoldingsur
press mold and be molded into a flat glass, in whic
regionincontactwiththeflatglassineachofth
ofthefirstpressmoldandthe molding surface of

mold form a flat surface.
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In one embodiment of the method of manufacturing a glass blank according to the second aspect of
the present invention, it is preferred that a cross-sectional shape of the molten glass flow be controlled
so that its horizontal cross section has a major axis and a minor axis, and that the molten glass flow be
cut in the major axis direction by using a shear blade. [0034] In another embodiment of the
method of manufacturing a glass blank according to the second aspect of the present invention, it is
preferred that cutting blades cut the molten glass flow by causing a pair of V-shaped shear blades or a
pair of U-shape r blades to cross each other. [0035] In another embodiment of the method
of manufacturinioz%gss blank according to the second aspect of the present invention, it is preferred

that the direction,of t - {ng a torque to lass gob at
the time of cutti%ﬁ%%@%ﬁ%ﬁﬁq{%%%w%ﬁe o%aof manufacturirﬁlgﬁagpngggarfe%c recording
medium éHQéFFﬂFE; ASERETNG P%Béec Asesst Al g present invention is ghafagiglized in that a

magnetic recording medium substrate is produced by at least going through a polishing step of

polishingniag madisHiACE) 5 uKass in@nkimpauktred by the method of maHgaGHbiRha glass

blank according to the second aspect of the present invention and a hole-forming step of providing a
center hgl#3 thenceptes i ringaifoswEasend portion of a molten glass

flowflowing outcontinuously; and aftertheformin

glass gob, press-molding the molten glass gob dropp

a first press mold and a second press mold arranged

otherinadirectioncrossingadirectioninwhich

gob drops down; and then manufacturing one sheet of

recording medium substrate from one sheet of the gl

including at least: forming a central hole at a cen

ofamainsurfaceoftheglassblank;andpolishing

inwhichthe press-moldingis carried outsothatt

gohisbroughtintocontactwithatieastonemoldi

fromamoldingsurfaceofthefirstpressmoldand

ofthe second press moldfacing aseparation mark,

on a surface of the molten glass gob during the sep

forwardendportionofthemoltenglassflow,under

the separation mark faces the at least one molding
[0024]
Amethodoimanufacturinggmagnetiaecordingmned

according to the first aspect of the present invent

manufacturing a glass blank, including atleast: fo

glass gob by separating a forward end portion of a
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[0037] Amethod of manufacturing a magnetic recording medium according to the second aspect
of the present invention is characterized in that a magnetic recording medium i s produced by at least
going through a magnetic recording layer-forming step of forming a magnetic recording layer on a
magnetic recording medium substrate manufactured by the method of manufacturing a magnetic
recording medium substrate according to the second aspect of the present invention. Advantageous
Effects of Invention [0038] As described above, the first aspect of the present invention can

provide tﬂe thod of manuyfacturin %$a§ b{ nlf in which a shear mark is Ioce} ized in the vicinity of
the cenniBaiRan oy B AR AR < manutmctured by LML S8R crect
press, thﬁjdrpﬁegpggs%mawﬁ%ﬁﬁ%wg%%ﬁ% 5?88@1@% H1ed|um substrat%vﬁq\th]ngg?thod of

manufac a magnetic reco using't ethod of manufacturing a glass blank. [0039]

Besides, he,soRBRALATPESeRbNF REESCRIIRIERHAR GFaRiRYide the method ghpiapifaciring a glass

blank for manufacturing, by press-molding molten glass, a glass blank for a magnetic recording

medium gdhsiEatndhe SlRgadiaptidianineienameMidhickness deviation, hayinassgepdriatess, and

enabling a shear mark to be removed while central-hole forming processing is being performed. The
second agpeat shtrufiesenignyastioneandiiso prayittithesveitiod of manufacturgoractiR@metic
recording medium substrate, in which a glas s blank manufactured by the above-mentioned method i s
processeslindtraterfeynaiiersboadiottinesylass Blavdty ateludthout carrying out angpditeastep and the
method of manufacturing a magnetic recording medium by using a substrate manufactured by the
method degviiigd adotyal hole at a central portion of a ma in surface of

the glass blank; and polishing the main surface; an d then
manufacturing a magnetic recording medium, includin g at least
formingamagneticrecordinglayeronamainsurfac eofthemagnetic
recording medium substrate, inwhich the press-mold ingiscarried

out so that the molten glass gob is brought into co
least one molding surface selected from a molding s
first press mold and a molding surface of the secon
facingaseparationmark,whichisformedonasurf
glass gob during the separating of the forward end
moltenglassflow,underastateinwhichthesepar

the at least one molding surface.

[0025]

A shear blade according to the first aspect of the
invention at least includes a substantially plate-s
portion, ablade portion, whichis providedatane
of the body portion and cuts the forward end portio
glass flow continuously flowing out downward in the

direction from the direction substantially perpendi
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Brief Description of Drawings [0040] [FIG. 1] FIG. 1 is a schematic cross-sectional view
illustrating a part of all steps in one example of a method of manufacturing a glass blank in a first
embodiment. [FIG. 2] FIG. 2 is a schematic cross-sectional view illustrating another part of all
steps in the one example of the method of manufacturing a glass blank in the first embodiment.

[FIG. 3] FIG. 3 is a graph illustrating one example of the vectors of forces acting in an X-axis direction

on an upper hemisphere of a glass material to be press-molded. [FIG. 4] FIG. 4 is a graph
TR GBI IRAEIAD (o 2 Srecton o gy emephere
”'“S"a“”%&%&m%m F&QH&Q&?&%&&‘%&%&]‘ thebodyportion,
stretches to a blade portion side from a body porti on side, and
pressestheforwardendportionincollaborationwi ththemovement
thatthebladeportionapproachestoandpenetrates intothemolten
glass flow at the time of cutting the molten glass flow.
[0026]
Oneembodimentoftheshearbladeaccordingtothe firstaspect
of the present invention preferably includes the pr essing member
which is attachable to and detachable from the body portion and
afittingportionforfittingthepressingmembera tthelowersurface

of the body portion.

[0027]

In addition, the inventors of the present inventio n have
intensivelystudiedinordertosolvetheabove-men tionedproblems
whichthesecondaspectofthepresentinventionta rgets. Asaresult,
the inventors have found the findings described bel ow. Cuttinga
molten glass flow forms a cut mark atan upper port ionofamolten
glass gob and at the lower end of the molten glass flow, but the
cut mark at the lower end of the molten glass flow is heated by
surrounding high-temperature glass, thereby disappe aring by the
time of the next cutting. A shear mark thatisap roblem derives
from the cut mark formed at an upper portion of the molten glass
gob.

[0028]

17



[FIG. 6] FIG. 6 is a schematic cross-sectional view illustrating another part of all steps in the one
example of the method of manufacturing a glass blank in the first embodiment. [FIG. 7] FIG. 7 is
a schematic cross-sectional view illustrating another part of all steps in the one example of the method
of manufacturing a glass blank in the first embodiment. [FIG. 8] FIG. 8 is a schematic
cross-sectional view illustrating another part of all steps in the one example of the method of
manufacturing a glass blank in the first embodiment. [FIG. 9] FIG. 9 is a schematic

cross-sectional view jllustrating another part of all steps in the one example of the method of
anutacturing 2 AT SRR TS ERohh RsReha0Rs QERS O FICP S s o SEHERANE®

o g &9 . ot . o of f
manTac e e R B ES A E  PIG 1 10 R eaeae
cross-seglignalview d|bisHAUMLFRANCAOAI LI SHBRAHALRE one example ofecomes in

contact with press-molding surfaces, is loses heat to the

press-molding surfaces, and is solidified so as to
press-moldingsurfaces. Then,glasswithlowvisco
molten glass gob is spread by pressing into the spa
by the press-molding surfaces.

[0029]

Whenthemoltenglassgobfallswithoutchangingi
ashearmarkis positioned atan upper portion oft
gob at the time of the start of the pressing. When
pressed as itis, the shear mark should be pushed o
edge of athin flat glass. However, actually, the
viscosity inside the molten glass gob pushesthe sh
press-moldingsurfacesides,andtheshearmarkeve
in the main surface of the thin flat glass.

[0030]

Ifashearmarkisbroughtinto contactwithapre
surface atthe time of the start of pressingand ca
SO as to attach to the press-molding surface, it is
prevent glass with low viscosity inside a molten gl
pushing the shear mark to a position at which the s
out of control. For that purpose, a position at wh

mark is formed needs to be pressed first.
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method of manufacturing a glass blank in the first embodiment. [FIG. 12] FIG. 12 is a schematic
cross-sectional view illustrating one example of separation of a forward end portion of a molten glass
flow with a pair of shear blades. [0041] [FIG. 13] FIG. 13, which illustrates a method of
manufacturing a glass blank in a second embodiment, illustrates how a molten glass flow flowing out
from a glass outlet is cut with shear blades, viewed from the horizontal direction. [FIG. 14] FIG.
14, which illustrates the method of manufacturing a glass blank in the second embodiment, illustrates
how a molten gIﬁ& b is separated by cutting the molten glass flow and a force is applied to an
upper portion of'the molten glass gob from the horizontal direction, thereby changing the direction of

the molten glasqrg%[%jmgg Oqlggls%qhglse%%gﬁ% %vwﬁ]g?rglga%ﬁ%s the method of m%&%ﬁ%@m&g a glass

blank in the seco ment, separated molten glass gob is talling while

twming. he sneEAFmkfk A AENBEIHR YHEUAIREINEMBIIRSL of manufacturing;g giags iank in the

second embodiment, illustrates how the molten glass gob is falling, while turning, to the space

between qsREaIRMBAG BEIERSBRIAEI NG AR RINGST

of manufacturing a glass blank described below acco
secondaspectofthepresentinventionisprocessed
recordingmediumhavingacentralhole. Thus,byl

mark in a region at which the central hole is forme
markcanbesimultaneouslyremovedatthetimeofc
processing. Consequentlyjitbecomesunnecessaryt
amount of a grinding allowance and polishing allowa
to remove the shear mark from the main surface.

[0032]

The second aspect of the presentinvention has bee
the basis of the findings described above in order
above-mentioned problems which the second aspect of
invention targets. That is,

the method of manufacturing a glass blank accordin
secondaspectofthepresentinventionincludessep
glassgobfromamoltenglassflowflowingoutfrom
press-molding the moltenglassgobintoathinflat
press molds, thereby manufacturing a glass blank to
into amagnetic recording medium substrate having a
inwhichthemoltenglassgobisseparatedandfall

glassgobintheairis pressedwith press-molding
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[FIG. 17] FIG. 17, which illustrates the method of manufacturing a glass blank in the second
embodiment, is a vertical cross-sectional view of press molds and the molten glass gob illustrating
how pressing the molten glass gob starts. [FIG. 18] FIG. 18, which illustrates the method of
manufacturing a glass blank in the second embodiment, is a vertical cross-sectional view of the press
molds and glass illustrating a process in which the glass is pushed and stretched into a thin plate
shape by pressing. [FIG. 19] FIG. 19, which illustrates the method of manufacturing a glass

blank in th d embodiment illystrat tical tion of th . d a thin flat
glass at FRTAL G TRy DAL AR D) rocsing,  GEIETSOIRIG. 20, which
crocs ooy e oy R ATER L gl usuatnona RO Ros A s is
cooledwiyle {lie RiGRR-MALIRGIRITIRSSS GiSaEgarhiadollow the behavior phifekypdiadplass.

[FIG. 21] FIG. 21, which illustrates'the method of manufacturing a glass blank in the second

embodimgasisigy eateal she detrepHenahvigMrbustimdineshow the thin flat glagsidemgided from
one of the press-molding surfaces.

the start of the pressing.

[0033]

Inoneembodimentofthemethodofmanufacturinga glassblank
according to the second aspect of the present inven tion, it is
preferred that a cross-sectional shape of the molte n glass flow
becontrolledsothatitshorizontalcrosssection hasamajoraxis

andaminoraxis,andthatthe moltenglassflowbe
axis direction by using a shear blade.

[0034]

Inanotherembodimentofthe method of manufacturi
blank according to the second aspect of the present
ispreferredthatcuttingbladescutthemoltengla
apairofV-shaped shearblades or a pair of U-shap
to cross each other.

[0035]

Inanotherembodimentofthe method of manufacturi
blank according to the second aspect of the present
is preferredthatthe direction ofthe molten glass
byapplyingatorquetothe moltenglassgobatthe
the molten glass flow.

[0036]
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[FIG. 22] FIG. 22, which illustrates the method of manufacturing a glass blank in the second
embodiment, illustrates how the thin flat glass is taken out from the press molds. Reference Signs List
[0042] 10 glass effluent pipe 12 glass outlet 20 molten glass flow 22 forward end portion (glass
material to be press-molded) 24 molten glass gob (glass material to be press-molded) 24A separation
mark 26 thin flat glass

Amethodoimanufacturinggamagnetiaecordingmed iumsubstrate
according to the second aspect of the present inven tion is
characterized in that a magnetic recording medium s ubstrate is
produced by at least going through a polishing step of polishing
the main surface of a glass blank manufactured by t he method of
manufacturing a glass blank according to the second aspectofthe
present invention and a hole-forming step of provid ing a center

hole in the center of the main surface.

[0037]

Amethodoimanufacturinggmagnetiaecordingned iumaccording
tothe second aspect of the presentinventionis ch aracterizedin
thatamagneticrecordingmediumisproducedbyat leastgoingthrough
a magnetic recording layer-forming step of forming a magnetic
recording layer on a magnetic recording medium subs trate
manufactured by the method of manufacturing a magne tic recording
medium substrate according to the second aspect of the present
invention.

Advantageous Effects of Invention

[0038]

Asdescribedabove,thefirstaspectofthepresen tinvention
can provide the method of manufacturing a glass bla nk, in which
a shear mark is localized in the vicinity of the ce ntral portion
of a glass blank when the glass blank is manufactur ed by using
horizontal direct press, the method of manufacturin g a magnetic
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30 lower side blade (shear blade) 32 body portion 32B lower surface (of body portion) 34 blade portion
34A tip (of blade portion) 3413 upper surface (of the blade portion) 34B lower surface (of the blade
portion)

recordingmediumsubstrateandthemethodoimanufa cturingamagnetic
recording medium using the method of manufacturing aglassblank.

[0039]

Besides thesecondaspectotthepresentinventio ncanprovide
the method of manufacturing a glass blank for manuf acturing, by
press-moldingmoltenglass,aglassblankforamag neticrecording
mediumsubstrate theglassblankhavingasmalith icknessdeviation,
having a good flatness, and enabling a shear mark t o be removed
while central-hole forming processing is being perf ormed. The
secondaspectofthe presentinventioncanalsopro videthe method
of manufacturing a magnetic recording medium substr ate, in which
aglassblankmanufacturedbytheabove-mentionedm ethodisprocessed
into a magnetic recording medium substrate without carrying out
alappingstepandthemethodofmanufacturingama gneticrecording
medium by using a substrate manufactured by the met hod described
above.

Brief Description of Drawings

[0040]
[FIG. 1] FIG. 1 is a schematic cross-sectional vie w
illustrating a part of all steps in one example of a method of

manufacturing a glass blank in a first embodiment.

[FIG. 2] FIG. 2 is a schematic cross-sectional vie w
illustrating another part of all steps in the one e xample of the
method of manufacturing a glass blank in the first embodiment.
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36 pressing member 36A tip (of pressing member) 38 fitting portion 40 upper side blade (shear blade)
42 body portion 42B lower surface (of body portion) 44 blade portion

[FIG. 3] FIG. 3is a graph illustrating one exampl e of the
vectorsofforcesactinginanX-axisdirectionon anupperhemisphere
of a glass material to be press-molded.

[FIG. 4] FIG. 4 is a graph illustrating one exampl e of the
vector of a force acting in the X-axis direction on the upper

hemisphere of the glass material to be press-molded

[FIG. 5] FIG. 5 is a schematic cross-sectional vie w
illustrating one example of a falling molten glass gob.

[FIG. 6] FIG. 6 is a schematic cross-sectional vie w
illustrating another part of all steps in the one e xample of the
method of manufacturing a glass blank in the first embodiment.

[FIG. 7] FIG. 7 is a schematic cross-sectional vie w
illustrating another part of all steps in the one e xample of the
method of manufacturing a glass blank in the first embodiment.

[FIG. 8] FIG. 8 is a schematic cross-sectional vie w
illustrating another part of all steps in the one e xample of the
method of manufacturing a glass blank in the first embodiment.

[FIG. 9] FIG. 9 is a schematic cross-sectional vie w
illustrating another part of all steps in the one e xample of the
method of manufacturing a glass blank in the first embodiment.

[FIG. 10] FIG. 10 is a schematic cross-sectional v iew
illustrating another part of all steps in the one e xample of the
method of manufacturing a glass blank in the first embodiment.

[FIG. 11] FIG. 11 is a schematic cross-sectional v iew
illustrating another part of all steps in the one e xample of the
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4413 upper surface (of blade portion) 44B lower surface (of blade portion) 50 first press mold 52 press
mold body 52A molding surface 54 guide member 54A guide surface 60 second press mold 62 press
mold body 62A molding surface 64 guide member

method of manufacturing a glass blank in the first embodiment.
[FIG. 12] FIG. 12 is a schematic cross-sectional v iew
illustrating one example of separation of a forward end portion

of a molten glass flow with a pair of shear blades.

[0041]

[FIG.13]FIG.13,whichillustratesamethodofm anufacturing
aglassblankinasecondembodiment,illustratesh owamoltenglass
flowflowingoutfromaglassoutletiscutwithsh earblades,viewed

from the horizontal direction.

[FIG. 14] FIG. 14, which illustrates the method of

manufacturing aglass blankinthe second embodimen t,illustrates
how a molten glass gob is separated by cutting the molten glass
flowandaforceisappliedtoanupperportionof themoltenglass
gobfromthe horizontal direction, thereby changing thedirection

of the molten glass gob.

[FIG. 15] FIG. 15, which illustrates the method of
manufacturing aglass blankinthe second embodimen t,illustrates
how the separated molten glass gob is falling while turning.

[FIG. 16] FIG. 16, which illustrates the method of
manufacturing aglass blankinthe second embodimen t,illustrates
how the molten glass gob is falling, while turning, to the space
between press-molding surfaces facing each other.

[FIG. 17] FIG. 17, which illustrates the method of
manufacturingaglassblankinthesecondembodimen t,isavertical

cross-sectional view of press molds and the molten glass gob
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64A guide surface [0043] 1 glass effluent pipe 2 molten glass flow 3-1, 3-2 shear blade 4 molten glass
gob 5, 6 press mold 5-1, 5-2 press mold body 6-1, 6-2 guide member Description of Embodiment
[0044]

illustrating how pressing the molten glass gob star ts.

[FIG. 18] FIG. 18, which illustrates the method of

manufacturingaglassblankinthesecondembodimen t,isavertical
cross-sectional view of the press molds and glassii llustrating a
processinwhichtheglassispushedandstretched intoathinplate

shape by pressing.

[FIG. 19] FIG. 19, which illustrates the method of

manufacturing aglass blankinthe second embodimen t,illustrates
avertical cross section of the press molds and at hin flat glass
atthetime of molding glassintothethinflatgla ss by pressing.

[FIG. 20] FIG. 20, which illustrates the method of

manufacturingaglassblankinthesecondembodimen t,isavertical
cross-sectional view of the press molds and the thi n flat glass
illustratinghowthethinflatglassscooledwhil ethepress-molding
surfacesare causedtofollowthe behaviorofthet hinflatglass.

[FIG. 21] FIG. 21, which illustrates the method of
manufacturingaglassblankinthesecondembodimen t,isavertical
cross-sectionaliewillustratinghowthethinflat glassisdemolded
from one of the press-molding surfaces.

[FIG. 22] FIG. 22, which illustrates the method of
manufacturing aglass blankinthe second embodimen t,illustrates

how the thin flat glass is taken out from the press molds.

Reference Signs List

[0042]

25



<First Embodiment> [Method of manufacturing glass blank] A method of manufacturing a glass
blank according to a first aspect of the present invention includes at least: forming a molten glass gob
by separating a forward end portion of a molten glass flow flowing out continuously; and after the
forming of the molten glass gob, press-molding the molten glass gob dropping down with a first press
mold and a second press mold arranged facing each other in a direction crossing a direction in which
the molten glass gob drops down. Here, the press-molding is carried out so that the molten glass gob
is brougio]lténtﬁq;s:on?tﬁi:t with .at least one molding surface selected from a molding surface of the first
press m GG BFace of the second press mold facing a separation mark, which is formed
ona surffxz‘fﬂ]%s@%lmggen glass gob during the separating of the forward end portion of the molten
glass flow, er a state in which the separation mark faces the at least one molding surface, and one
sheet of the Hlaes, ig4ised for production of one sheet of a magnetic recording medium substrate
having a central hole. [0045] In the method of manufacturing a glass blank in the first

embodimentoHpgRy érﬁi%@rﬁbW'@%]Bé@%@@F%ﬂ‘ @ans greRdormed by separatinghfRfadie molten glass
flow falls and reaches the space between the molding surface of the first press mold and the molding

surface gi4haciraegthpsagsbngldsthearpriadobeprdssoimoed in the surface ajé@g molten glass gob

at the time of its separation faces at least one of the molding surface sides. Then, the molten glass
gob in thadstaepiarptiessmasided by being pressed with the first press mold and the second press
mold. That is, the pre s s-molding step i s carried out under a state in which the separation mark
causing 26itkiarfrabgtassoccur faces at least one of the molding surface sides. As a result, the shear
mark remaining in the glass blank is eventually localized in the vicinity of the central portion of the
glass bIa%Q.'Wﬂﬂ@é’@s%‘,%@ shear hlattel removed together with the central portion (central
hole-forming region) of the glass blank because a central hole is formed at the time of manufacturing
the magr?@tigeq ¥daiHGMedium substrate. Thus, it is not necessary to provide a large amount of a

grinding %&viance and/or aﬁgﬂggﬁin aIIowince in order to remove the shear mark, and el iminating a
lapping stép o W&yl 1B E LR a shorter time can be realized.

34 blade portion

34A tip (of blade portion)

34U upper surface (of the blade portion)
34B lower surface (of the blade portion)
36 pressing member

36A tip (of pressing member)

38 fitting portion

40 upper side blade (shear blade)

42 body portion

42B lower surface (of body portion)

44 blade portion

44U upper surface (of blade portion)
44B lower surface (of blade portion)

50 first press mold

52 press mold body

26



[0046] Note that only one magnetic recording medium is manufactured from one glass blank
produced by the method of manufacturing a glass blank in the first embodiment. In this case, the
volume of a molten glass gob to be used for manufacturing one glass blank falls, from the viewpoint of
good use efficiency of glass, preferably within the range of two times or less the volume of one
magnetic recording medium substrate, more preferably within the range of 1.3 times or less. Note that,
for the sake of reference, if a glass blank is supposed to have a disk shape, the diameter of the glass
blank is %?Ked ia clo, the thickness of the glass blank is defined as tb, and the diameter of a
magnetic & ﬁ? %garu%esubstrate is defined as csub, when the following formula (1) is satisfied,
two or mg;@gp@@nﬁt% %Prding medium substrates cannot be manufactured from one glass blank or
one molten glass gob. -Formula (1)csubx2>cb [0047] On the other hand, the volume Vgob of a
molten glass goRieWMsda the volume of a glass blank, if the change of the volume of glass due to
temperature change is disregarded. Specifically, their relationship is represented by the following
formula @) sEesmy karESL/SRIRENX(gb/2)2xth Thus, when the following formula (3) is satisfied, only
one magnetic recording medium substrate can be manufactured from one glass blank having the

same vopnsressaneloplbely glass gob.
62A molding surface
64 guide member
64A guide surface
[0043]
1 glass effluent pipe
2 molten glass flow
3-1, 3-2 shear blade
4 molten glass gob
5, 6 press mold
5-1, 5-2 press mold body

6-1, 6-2 guide member

Description of Embodiment
[0044]
<First Embodiment>

[Method of manufacturing glass blank]

Amethod of manufacturingaglassblankaccording toafirst
aspectofthepresentinventionincludesatleast: formingamolten
glass gob by separating a forward end portion of a molten glass
flowflowing outcontinuously; and aftertheformin gofthemolten
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-Formula (3)Vgob<nx(psub2xtb [0048] Note that the first press mold and the second press mold
may be arranged so that the both face each other in the direction which crosses the falling direction of
the molten glass gob, and it is usually particularly preferred that the both be arranged so that the both
face each other in the direction which is perpendicular to the falling direction of the molten glass gob.
The following descriptions are described based on a state in which the first press mold and the second
press mold are arranged so that the both face each other in the direction which is perpendicular to the

falling direction of the molten glas ob.ﬂug049] Eurther, the molten glass 05156 arated from the
forward %Sﬁc% hpé?ﬁ?érﬂ%(ﬁ@rgzl%s@_ W 3}? ?aqp&oté\r/ﬂqﬁtq thg space bet\'@e RNl press mold
e lone, %eﬁPﬁq)Pégﬁt{BRJ%ﬁé"}%‘é&#ﬂ}!{pé@?ﬂoﬁ%ﬁlﬁé 'g%%awth el dos Stat?at?ﬂé)igggg between the

followedbypress-molding. Alternatively, the molten glas may fall down into

first presgmaigh QBQéEﬁo??&ngiﬁé%ﬁrmlglﬂHWHng turned for a momg{gr%wgwslgé@ing, followed

by press-molding. Here, in the caSe when the molten glass gob falls down into the space between the

first presgdnalfbg@adm.Sﬁ@pe,drm@w%wiﬂwtaﬂrmag to any extent b wilbtHad®éng state kept,
a separation mark formed in the surface of the molten glass gob needs to be positioned at a side

surface qftiemyties giass lgoughtieditoatateritia polten glass gob is sepasriechtimghe forward

end portion of the molten glass flow. [0050]

surface selected from a molding surface of the firs t press mold
and amolding surface ofthe second press mold faci ngaseparation
mark, which is formed on a surface of the molten gl ass gob during
theseparatingoftheforwardendportionofthemo ltenglassflow,
under a state in which the separation mark faces th e atleastone
molding surface, and one sheet of the glass blank i s used for
production of one sheet of a magnetic recording med ium substrate

having a central hole.

[0045]

In the method of manufacturing a glass blank in th e first
embodiment, under a state in which the molten glass gob formed by
separating from the molten glass flow falls and rea chesthe space
betweenthemoldingsurfaceofthefirstpressmold andthemolding
surface of the second press mold, the separation ma rk formed in
the surface of the molten glass gob at the time of its separation
facesatleastone ofthe molding surfacesides. T hen, the molten
glass gob inthat state is press-molded by being pr essed with the
first press mold and the second press mold. That i s, the
press-moldingstepscarriedoutunderastaten whichtheseparation
markcausingashearmarktooccurfacesatleasto neofthemolding
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On the other hand, a molten glass gob is usually formed by separating the forward end portion of a
molten glas s flow continuous ly flowing out downward in the vertical direction. In this case, a
separation mark is formed in an upper surface of the molten glass gob immediately after having been
separated from the molten glass flow. In this case, it is necessary to turn the molten glass gob so that,
under a state in which the separation mark formed in the upper surface of the molten glass gob at the
time of separating the forward end portion of the molten glass flow faces any one molding surface

selected fropw the.moldi g surfa et%f trhe first %ECSS mold and the molding surface of Lhe second press
mold, the WGiEn §§s§ B & be'bro Sﬁ{m S with the molding sultd it s S %Sﬁwe separation

mark in tggﬁkﬁi&qlﬁﬂ%ﬁ Iﬂzg&hlﬂé{/i%%ﬁﬁyéﬁh it is necessary to carrye%%h%mtﬁ\@izcal direction.

force-imparting step o ng an external force, from the direction cro s sing

to at Iea%fg{gag%[%@p@(t_efmgbggé?{ﬁ%h@&lgﬁgﬁelected from the foll%yg?gcg)@aﬁjﬁgﬁ%}als, so that

the vector sum of the forces acting in the direction perpendicular to the central axis of the glass

material {gilpenR@ssrRIpsiednlte sealr afisRRgaRarallel to the vertical dijgfeib gulstantially

exceeds zero: (1) the forward end portion of the molten glass flow separated as the molten glass gob
at the timgpfltaserinscciishedrilers laseoatitietniag step; and (2) the EHiagotatemiglnss gob in
the period from immediately after the completion of the molten glas s gob-forming step until just prior
to the staterhduym ptiessemalsigmetbpn{Odbdifate. Bwsatrying out the extersabfioecessgrgrting step to
the glass material to be pre s s-molded, the molten glas s gob formed by separating from the molten
glass flowpprmadaalasg gathewitefaghindingatiosvaraten glass gob falls anttifetap@isthegspace between
the moldin? surface of the first press mold and the molding surface of the second press mold, the
separaticH PHERRGRHIWiSABEY aMeetinstieamacteatdele molten glass gdBEtaHeIRABRIAES separation
moves to a side surface side of the molten glass gob and faces any one of the molding surface sides.
Then, thSBRMEA LM IRRINIIRRNRS PREETolded by being pres$BBGRBRPIREIHS S, ontal direction
by the first presmﬁ%ﬂ and the second press mold. That is, the pre s s-molding step i s carried out
under a state in WhichY the separation mark causing a shear mark to occur faces any one of the

molding surfaceﬁlc{gtch $a result, the shear m%{.k [emaining |rq15he glass blank is eyaer}lt)ual(l}/ localized

in the vicinity of % centra a/gr%(e)nmgp{}]eelaggg IAK f this gase, the shear mark caly be femoved

togetherj%%gﬁ%%gg |M3%w5%ﬁg}ﬁéfﬂ5ﬁi5@r{%§;§n) of the glas§§gfmh@<ﬁ e a central hole

is formed at the time of manufacturing a magnetic recording medium substrate. is not

necessalméﬁ@mﬁgﬁééﬁqgg(ﬁm%ﬂtlmmg{gg@iﬁg@Iowance and/or a poliihing sHeMEnsgs in order to

remove the shear mark, and eliminating a lapping step or carrying out a lapping step in a shorter time
can be repdiged ol used fdereatfarolien eirsglasbunay only be turnecysrtg! thshnolten glass
gob faces any one of the molding surfaces. In this case, the phrase "the molten glass faces any one of
the molding sigfgasist vfgjodesisetesiityeineyasssasbepecthe separation mark exisigguithine surface of
the molten glass gob just prior to carrying out the press-molding step i s (1) po s itioned on the straight
line connbetinggmateshioressirtisisineychensofoakpoint of the molten glgsstgobadiagy one molding
surface selected from the molding surface of the first press mold and the molding surface of the
second presuibRYsitaiRoniesecRERIQTABIe \hkeihg s8bBenark is (2) positio®éd i3 tieesinge made
by the strai?ht line and another straight line having an angle of about 45 or less based on the central

point of tAEIRSStd¥ARERE BN VING saKB it RIRFRNSRalbht line. Note a glass blank
is supposed to have a disk shape, the diameter of t he glass blank
is defined as ob, the thickness of the glass blank is defined as
tb, and the diameter of a magnetic recording medium substrate is
defined as osub, when the following formula (1) is satisfied, t wo
ormoremagneticrecordingmediumsubstratescannot bemanufactured
from one glass blank or one molten glass gob.

-Formula (1) psubx2> ¢b
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that the angle is preferably 30 or less, more preferably 15 or Less. In the case of the above-mentioned
item (1) , when pre s s-molding is carried out, the separation mark first comes into contact with the
molding surface and the molten glass gob in this state is press-molded, and hence the shear mark is
eventually positioned in the almost central portion of the glass blank. On the other hand, in the case of
the above-mentioned item (2), when press-molding is carried out, a part of the surface of the molten
glass gob in the vicinity of the separation mark comes into contact with the molding surface at first. In
this case, the sl-@ rAng:rk is also eventually positioned in the vicinity of the central portion of the glass
blank, though slight'displacement of the shear mark is more liable to occur compared with the case of

the above-mentigtﬁﬁqe%%rrﬁﬂ%ﬂgl%%%ﬁse e/ %%Wgr@gpe above-mentiogg&é%gd&psis most

preferred from the viewpoi atthe's an be positioned more reliab central portion

of the glagsHAaBHABAGXSBIRNRT iHifeerRIgLRAtHON- [0053] A m%%ﬁr%f&@&%g a molten

glass gob in the molten glass gob-forming step is not particularly limited, and is usually carried out by
using a Rﬂi'éoﬁost@ﬁbblﬁﬂ% %Hﬂﬁéﬁ%igﬂéﬁﬁéfﬁ“%@éimﬁ forward end porfémp,%m? molten glass
flow is carried out by causing the pair of shear blades to cross with respect to the molten glass flow in
the directislatfsristigniaiyppeseansicblame thkolaiigdstinagtion of the molten glag@flow. Note that the
shape of the blade portion of each of the shear blades is not particularly limited as long as the shape
is one suitable for Bepatatir(@)(cuttingy ubforwartk ept/@dritetbof the molten glass flow, and the shape
is preferably one selected from a V shape and a U shape. [0054]

Thus, when the following formula (3) is satisfied,
magnetic recording medium substrate can be manufact
glass blank having the same volume as one molten gl

-Formula (3) Vgob<  mxesub?xtb

[0048]

Notethatthe firstpress mold andthe second pres
bearrangedsothatthe bothfaceeachotherinthe
crosses the falling direction of the molten glass g
usually particularly preferred that the both be arr
the both face each other in the direction which is
to the falling direction of the molten glass gob.
descriptionsaredescribedbasedonastateinwhic
mold and the second press mold are arranged so that
each otherin the direction whichis perpendicular
direction of the molten glass gob.

[0049]

Further,the moltenglassgob separatedfromthef
portionofthemoltenglassflowmayfalldowninto

the first press mold and the second press mold with

30

onlyone
ured from one

ass gob.

smold may

directionwhich

ob, anditis

anged so that

perpendicular

The following
hthefirstpress

the both face

tothe falling

orwardend
thespacebetween

outturningto



Note that, in the case of using a pair of shear blades, it is necessary that the movement direction in
which the pair of shear blades approaches to or separates from each other at the time of forming a
molten glass gob and the movement direction in which a pair of press molds approaches to or
separates from each other at the time of press-molding be substantially parallel based on the
horizontal plane. Specifically, the angle that is made by these two movement directions in the
horizontal plane needs to be 10 or less, and is preferably 5 or less, most preferably 0. In the case

where the two move irectio re stantially parallel based on the horizontal. plane, when the

molten %@@6@6‘@?@&%@[@8 gﬁ&%&t@#’ K thereby moves from th%’%ﬁ%?éﬂ?@é of the molten
g y

glass go of its,si i rati ark existing in the e molten

glass go%j&t%srct?%qu\g‘rgl (o Eﬁagg}%&gégiﬁ f%eggj?éés-éf@;ﬂnggﬁgpnan face reliably ar@fe{)f[rﬁéé gﬁ t%ggmolding

surfaces pidhedal A RIpRSIIIGR AR dARlamAiretshear blades is gengiallyarRggitg form a molten

glass gob, but Patent Literature 2 does not disclose anything about the relationship in position based

on the hqgjasHabpiRRR RRIMESTWAEADAYRYRIRNS P movement directiqegslﬂq}ﬁéin?. FIG. 1

and FIG. 2 are schematic cross-sectional views illustrating one example of the method o
manufactyeing m glrssddatisrihadirabrerbgristegboIagsitically, both are viewswillustoatiieg a process
in which the forward end portion of a molten glass flowwith apair of shear blades is cut . Here, FIG. 1
illustrates plae avatevethdfefestptesgriitidandtrdsecd pdption of the molte negisiswtwithend FIG. 2
illustrates the state of around the completion of cutting of the forward end portion of the molten glass
flow. [00B@NINgto Aryiutartiad wvitFicfallingsieitekeglass flow 20 is first capsesepdtatiaut continuously
downward in the vertical direction from a glass outlet 12 provided at the lower end portion of a glass
effluent piK iPHMBdd PR SEHaEd Afdh s TBERAB AP IPRolten glass supply§8Hedhbeshown. On
the other hand, at a portion lower than the glass outlet 12, a first shear blade (lower side blade) 30 and

a second”SREIANGE AL AR SYIiRS ALY B 9e A F§Pat both sides of thethT1BR YR&s flow 20,
respectively, in the djrection substantially perpendicular to a central axis D, WBiCh |s the falling
recton RO GHF GRES PSP RCAL U TAEP tlle blade 30 and 4TS5 BABiacie 40 move
toward anEHé"% 8i{gctiqg )élﬂand an arrow direction X2, respectively, thereby approaching to a
forward end portion 2o%iGe 6P the molten glass flow 20 from both sides of the molten glass flow 20.
[0057] Hergogg?fower side blade 30 and the upper side blade 40 have substantially plate-shaped
body portions 32 and 42, respectively, and blade portions 34 and 44, respectively, which are

respectively provigaf@bbeRd MPTHRHER §lbe ufi PRUiaRsS 32 and 42, and cutdhadgmyard end

portion 22 of the molten glass flow 20 continuously flowing out'downward in the vertical direcCtion in the
direction sahstaintigheparRe eticplatienbigrresimsto which the moltegiglassnipiiatishplls down. Note
that an upper surface 3413 of the blade portion 34 and a lower surface 44B of the blade portion 44
each haviowisigr tanedswrsiantiahytive resjpendingctivtihe morizontal plane, a lowaisscakgea34B of the
blade portion 34 and an upper surface 4413 of the blade portion 44 each have a surface that is slanted
S0 as to ey dhiemoradnsdbplaed IrBesidgme therfowentite blade 30 further éTiolies glasessing
member 36, which is provided at a lower surface 32B side of the body portion 32, stretches to a blade
portion 3addid@mediaielyajtedravingenmsentgaskestte forward end poetoalEnialassiaboration
with the movement that the blade portion 34 approaches to and penetrates into the molten glass flow
20 at theflive BYibigmRFenE 1HBRERSHABSIASWREIeM Y dition, the lower side BAdHaSS 8RB the upper
ger surface 3413 of the blade portion 34 and the lower

side blade 40 are arranged sq that the u
surface @ﬁtﬁttﬁ@ﬂﬂﬁéwﬂi@w&cg@g SHBIHPALAEStantially the same MGG ENE vertical

direCtion'upper surface of the molten glass gob at the time o f separating
theforwardendportionofthemoltenglassflowfa cesanyonemolding
surface selected from the molding surface of the fi rst press mold
andthe molding surface ofthe second press mold, t he moltenglass
gob can be brought into contact with the molding su rface facing
the separation markin the press-molding step. For that purpose,
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[0058] Note that, in the example illustrated in FIG. 1, the pressing member 36, which is a bar-
shaped member provided so as to be attachable to and detachable from the body portion 32, is fitted
to the lower portion of the body portion 32 so as to be substantially parallel to the substantially
plate-shaped body portion 32. In addition, the body portion 32 includes a fitting portion 38 for fitting the
pressing member 36. In addition, the position of a tip 36A on a blade portion 34 side of the pressing
member 36 is adjustable by, for example, changing to another pre s s ing member 3 6 having a
different length or sliding the Ipres ing member. 36 in.the horizontal direction with re ectfto the fitting
portion 38 HAFEC R BAG BN PN T SEATS (RLSAUBAG member 36 is aci LS BB

gsed on the

central a@%@%ﬁg@m ﬁpﬁ;‘t@@ﬁ‘ {%ﬂr SQiBRdD fall within the range dscﬁl}éﬁ(ﬁ%gémecgpsitions that are

more dis e arrow direction Xl|, compare position of a tip 34A

of the b'ﬁ%%é%agmﬁéﬁlgggﬂé?@ri%’éﬁ@ position of the tip 364y de¥iatas R dlis range, the

pressing member 36 comes into contact with the forward end portion 22 earlier than the blade portion
34 at thﬁFHﬁﬁﬁéWW@@l%ﬁ%ﬁlﬂJ%B’ﬁﬁt%@M tion 22, and hence ifgpegamssHeghly possible
that the forward end portion 22 separated falls in an obliquely downward direction instead of the
downwaridreersiaatidigenting dietrithabéheepigissiiag taneiaber 36 may be one thednsrintegeally provided
to the body portion 32 in a non-attachable and non-detachable manner, or may be one having a shape
other thaof thieaylabspeatsuich tadoa plaessmapded00EOtentr Note that the viscabayistiagnolten glass
flow 20 is not particularly limited as long as the viscosity is suitable for separating the forward end
portion 2pasatiehtesbencidieg) ditadtinnusubipigniéddred that the viscosity be cxeresliedetoa constant
value in the range of 500 dPa-s to 1,050 dPa-s. [0060 Next, as illustrated in FIG. 2, the lower
side bladéﬁb%gﬂwcl@'b@%f&'@%@d@@m@?@%@ ed in the horizontal\$eea6AlSE @at the upper
surface 3413 of the blade portion 34 and the lower surface 44B of the blade portion 44 are partially

overlappEtf SIBLEHBIARF FRASLEATIDE S IEAIYAB MG ing the lower side biHRCEERBRSRe upper side
blade 40 toward the arrow direction X1. and the arrow direction X2, respectively, That is, the lower side
plado 3098 BB RF B A SIS BRI A8 G5 Berpendiculary cros HANBRRENAS 0. As o
result, thF lower side If\d? 30 and ther\ ‘#.BPS@?ide Rlade 40 penetrate intq the anlftoen lass flow 20

until reacﬁ?rrlg%rgew'c?m oﬁ ecentraraxis ﬁ%g(r)egﬂ and the forward e%aspsgr on |sgseparated

(cut) as% 4%@%“ %pl%)‘ltﬂé\éf}ﬂtao?ﬂpé j j}rz%%r‘)herical shape. At that %ﬂ% gtéﬁ_paration mark

(cut mar d in an upper surface of the ten glass gob 24. [006

[0051]

Bycarryingouttheexternalforce-impartingstep totheglass
materiakabepress-molded themoltenglassgobf ormedbyseparating
fromthe moltenglassflowturns. Thus,inthe sta geinwhichthe
molten glass gob falls and reaches the space betwee n the molding
surfaceofthefirstpressmoldandthemoldingsur faceofthesecond
press mold, the separation mark positioned in the u pper surface
of the molten glass gob at the time of its separati on movesto a
side surface side of the molten glass gob and faces anyone ofthe
molding surface sides. Then, the molten glass gob in this state
is press-molded by being pressed from the horizonta | direction by
the first press mold and the second press mold. Th at is, the
press-moldingstepscarriedoutunderastatein whichtheseparation

32



Further, at around the timing of cutting, the tip 36A of the pressing member 36 comes into contact with
an upper side surface of the forward end portion (glass material to be press-molded) 22 just under
separation and/or an upper side surface of the molten glass gob (glassmaterialtobepress-molded) 24
completely separated from the molten glass flow 20, followed by pressing. In this case, to the upper
hemisphere side of each of the glass materials to be pre s s-molded 2 2 and 2 4, external forces are
applied from the direction crossing the vertical direction so that the vector sum of the forces acting in
the direction (the X-axis d'rectiongP%rallel to the arrow directio]n X1 and the arrot\f\éedire?ﬂon X2 in the

[ oltfed™?

figure) pgl][% GRPIIFREENT >t<?sq5%+rt %CSFagQ%%QSr%Is to be press-m 12 4 , the
tral ayj ' I ' irecti ybstantiall d Here, FIG.
centra aé[jig&eg%ga@l %‘r%%&ﬁ}?tﬁsgl?@éﬂﬁ%&%Pélnaﬂhs antially exceeds éﬁ%@%{sﬂss ere

3 and FI are graphs illustratirig examp the vectors of forces actin axis direction on

the U'ppebl%%ﬁl%ﬁ&ﬁ;ﬁé&&lEfemﬁtﬁ@ﬁéiﬁﬂ%ﬁfiﬁ's to be press-molded g2-apa grdidsre. In FIG. 3

and FIG. 4, the horizontal axis means the X-axis direction, the right side direction represents the X1

direction oypisiyiadb e EINING Bhisetar ahthenexahaltiechblade 30 at the time gf getting e the left
side direction represents the X2 direction, which is the moving direction of the upper side blade 40 at

the time efguttimowhasee esritralQigtieh posmtl Rathasr vectors V(30A), V(4Ghiagdayide) illustrated
in FIG. 3 and FIG. 4 mean vectors attributed to the lower side blade 30, the upper side blade 40, and
the pressahthmgiabe & k dsguanibe by cibvatr &8, hede hsnheranetthe force of the com@dnikattanéng in the
X-axi s direction in each of three exterior forces attributed to the lower side blade 30, the upper s ide
blade 40pbmamuéactordg My agneherede) digpartiaiciy) shosikterior forces beitg. dgpidtto the upper
portions of the glass materials to be press-molded 22 and 24 at around the time of cutting. [0063]
Here, thdt{\@f DEERSSAN SORCHHIE R (A AMOURIPEE 8k lower side blade IWHERHRVERSE side blade
40, respectively, are vectors having substantially the same magnitude, each acting in completely

reverse ARKAHAPAISHEGACHAREAD, ARRNHEBRAE Yie blade 30 and the 5 BRI blade 40

start penetrating into.the molten glass flow 20, the magnitudes of the vectors V(30A) and V(40) each
ctart increB0 AU HBRIBEAARRRISIER 9" SESHIRIPULRIR After that, when the BB hIBhes and the

upper suzrifa%%%} e rgc():lg%n lar%%l obd24 separates from the lower side blade 30 and the upper side
blade 40, the magnitudes or the Jectors each return to 0. That is, these two vectors V(30A) and V(40)
have a relations 'Béﬁalmost cancelling each other in the molten glass gob-forming step, and hence

the difference of the magnitudes of the vectors V(30A) and V(40) seems to be kept at O substantially.

Here themoltenglassgobmayonlybeturnedsot hatthemolten
glassgobfacesanyoneofthemoldingsurfaces. | nthiscase,the
phrase "the molten glass faces any one of the moldi ng surfaces"
includes not only the case where the separation mar k existing in
the surface ofthe molten glass gobjustpriortoc arryingoutthe
press-moldingstepis(1)positionedonthestraigh tineconnecting,
in the shortest distance, the central point of the molten glass
gob and any one molding surface selected fromthe m olding surface
ofthefirstpressmoldandthe molding surface of thesecondpress
mold, butalsothecasewheretheseparationmarki s(2)positioned
in the range made by the straight line and another straight line
having an angle of about 45° or less based on the ¢ entral point
of the molten glass gob with respect to the straigh tline. Note
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[0064]

Then, when the forward end portion (glass material to be press-molded) 22 which is just

under separation is pushed by the tip 36A of the pressing member 36, as illustrated in FIG. 3, the
vector V(36) in the X1 direction additionally acts in addition to the two vector sV (3 OA)and V (4 0)
always cancelling each other. Thus, the vector sum of the forces acting in the X-axis direction well
exceeds 0 substantially depending on the additional action of the vector V(36). On the other hand,
when the molten glass gob (glass material to be press-molded) 24 separated from the molten glass

Vo) I FLREE E
Note il I AL e

Note that, In th

& ke Ao o ok

gg]member 36, the magnitudes of tEF é‘r
Q [I?u%f?z;ted in FIG. 4, only the' Jact

a4 lfated in FIG..
T RBIRLY, cor vice) may be i s Sy

tors V(30A) and
&;6) acts. As a
ially. [0065]

ly the mode

illustratectin Gl %u@tW@E‘é‘b%ﬂBW‘?ﬁ SideBladereQ gypd the lower side blade 4\&1& RaRetrating into

the molten glass flow 20, the vector V(36) may be caused to act in only the mode illustrated in FIG. 4,
%ﬂhgfst@@@mqﬁmion of the lower sidghlade 30 and the
0,

which illqﬁga,tﬁ(gwmegs

RIQIHAHReCRBREHI

lower side blade 40 into the molten glass flow

modes iliysisatenor &dGadoandnicsthé. 0686 mark Whee sxigiinal forces are agphiesitoaach of the
glass materials to be press-molded 22 and 24 in the modes illustrated in FIG. 3 and/or FIG. 4, the

position attihvadinmdstceattalpv(Bencitiegtas gaation located at an upper fgamtioeoih ¢nedled, side with

respect

in the case of the above-mentioned item (2), when p

is carried out, a part of the surface of the molten

or the vector V(36) may be caused to act in both the

ress-molding

glass gobin

the vicinity of the separation mark comes into cont
molding surface at first. In this case, the shear
eventually positioned in the vicinity of the centra
the glass blank, though slight displacement of the
more liableto occurcomparedwiththe case ofthe
item(1). Notethatthemodeshownintheabove-me
is most preferred from the viewpoint that the shear
positioned morereliablyinthe central portion of
or in the vicinity of the central portion.

[0053]

A method of forming a molten glass gob in the molt
gob-formingstepisnotparticularlylimited,andi
outby using a pair of shearblades. Inthiscase,
ofthe forward end portion of the molten glass flow
by causing the pair of shear blades to cross with r
molten glass flowinthe direction substantially pe

thefallingdirectionofthemoltenglassflow. No
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above-mentioned
ntioneditem(1)
mark can be

theglassblank

en glass
susuallycarried
the separation
iscarried out
espect to the
rpendicularto

tethattheshape



to the central point C of each of the glass materials to be pre s s-moided 22 and 24 in FIG. 2, and
hence each of the glass materials to be press-molded 22 and 24 eventually turns in the clockwise
direction R with respect to the central point C in FIG. 2. Thus, as illustrated in FIG. 5, in the process in
which the molten glass gob 24 is falling in the vertical direction in the downward YI (falling direction)
side, the separation mark 24A that was positioned in the vertical direction in the upper side with
respect to the central point C of the molten glas s gob 2 4 immediately after its separation eventually

[ I ise.directi ' h | point C. [0067 N hat, in th
example ST RGeS S B member 36 which LHBEEES Wlower side biade
30 and pr. ' ' - I ial - d22and 24 i
collabora e T LB UHRIIEE" e pressing memb e U0 0es Bkt each of the
glass maﬁ%i%?mrlaeeq{@%mg}gggtgg Aulidh mggs%g\;,r%nged at a position sggqﬁ%tgﬂgggn the lower

side blade 30 and the upper side blade 40 so as to press each of the glass materials to be
press-meldeibies 3de RUlthesasamempidirpindri@ad pad FIG. 4, as longragde pressing by the
pressing member 36 is carried out so that the vector sum of the forces acting in the X-axis direction of
each of the glaspposdgrials to be press-molded 22 and 24 exceeds 0 substantially, the position at
which and the direction to which each of the glass materials to be press-molded 22 and 24 is pressed
may be selected\mtaititaailyinfbe exaa pley sy laweairmirtiosaside of each of the glassadatgrnials to be
press-molded 22 and 24 can be pressed in the horizontal direction by the pressing member 36. Note
that the peiresesgasydhsttdvayemeenddicedinniofthisiidrces acting in the Kepa disdedon of each of
the glass materials to be press-molded 22 and 24 does not exceed 0 substantially (the case where the
vector sUNRAESERTIPaERRME RiseRaMAIRS treasdsfMBRS an order only to stififyiBatate the
forward end portion 22 of the molten glass flow20, a pair of shear blade s ismovedinthehorizontai

direction/ Y IHESRBLEBRIGSS AP ARJLREMRYRIE M EIEEFe speed in the XA &nd the X2

direction, respgectively, s%that surfaces of the shear blzdes slide to each other. Furt%er, as exemplified

in FIG. 3RHEOEREESS ﬁﬁ%%r% COSRIRSY Rt RE"RESBBlices the vector offAEYEF Sraﬂfting in the
X-axis difgction aiming at turning the molten glass goh 24 is applied to each of the glass, materials to
be E)(;esslfﬁneoill(ﬁ%% I élj f';lgnsd‘3 iﬁql%?rﬁgﬁg H%%iﬂ)rﬁ'@r?g sn‘r@l%jel verticclsll direction, f({))l"rjl %?(gr%rﬂ)l%(p,ethe o:irection
from whi iti i ce is applied to each of t ials to be
press-mcﬁ%gé}%;ggrﬁﬁdg gg 'arﬁ%{?%gmrmgéﬁn@ﬁcﬁ{%wever, when the exte%%%?%%%a%plied, itis
particulagly pratRrErtbitatiRe R PRIMdR A RarpIghingglass materials to b pess-fiplded 22 and

24 (Note that, in the case of the forward end portion 22 before separation, the central point C
correspopgieds, thedhopiteaariiay 5oty ResEmesnsiaferint of the molten glagsigob Pdtaéer being cut.)
be not positioned on the direction in which the external force is applied. This Is because, when the
central poayewbkeatieofithe glessenadéralsoioskegsabstarlded 22 and 24islIppsitiieed on the
direction in which the external force is applied, turns are unlikely to occur. Note that, more exactly,
when theébesettainibabh @izbetadplahthevhkesthmaeitetgtate press-molded 2garidi2d anpositioned on
the direction in which the external force is applied, any force for causing turns does not occur at that
moment.IFRERRRIALNE Ml thgleakRyJobvEs deinhisushpilistland the positionrtsag@tliral point C
continuously moves downward, and moreover, the forward end portion 22 is separated in an extremely
short tim@‘ﬁﬁ@ﬁﬁl‘@%&gﬂt@t%ﬂ%ﬁ@i%&d&%‘@‘?efﬁl&’@ﬁthe central point C méVeSeRMAURR during the
period in which the external force is continuously applied. As a result, though turns become difficult to

occur, it IRESISHNG (M RIS HAECR AL HOIBREIASS 4P [006s] bjust prior
to carrying out the press-molding step can face rel iably any one
of the molding surfaces of the pair of press molds. Note that a
pair of shearbladesis generally usedtoformamo ltenglassgob,
but Patent Literature 2 does not disclose anything about the
relationshipinpositionbasedonthe horizontalpl anebetweenthe

above-mentioned two movement directions.
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Note that the application of an external force to each of the glass materials to be press-molded 22 and
24 aiming at turning the molten glass gob 24 is also possible by controlling the shape of a shear blade
or the speed and timing of the movement of a pair of shear blade s instead of us ing the pre s s ing
member 36 . Forexample, when a lower side blade including no pressing member 36 is used in FIG. 1
and FIG. 2, (1) many projections are provided in the lower surface 34B, which comes into contact with
the upper surface of the forward end portion (glass material to be press-molded) 22 that is under
separation, for a[é(é%%i time than the lower surface 44B, roughening treatment is carried out on the
surface of the lo rface 34B, the surface of the lower surface 34B is coated with a material having

higher Wettability: 't_h g_eapﬁctr_t&;m(ateé}(glz%%ﬂe?ﬁ%g "ﬁ;%éﬁ%@?@ﬂﬁin% able to apply an e&&gwal force

more easily in the X1 direction to the upper surface of the forward end portion (glass material to be

press-mojglaithaR JhsideargsISSRAFRIARTLBIS i RefRiaEN this case, there ig ingrepsed a frictional

force between the upper surface of the forward end portion (glass material to be press-molded) 22 that

is under prRKaHOMe TSN IMElimEfRceimniyieReethe upper surface of thgdopagd end
portion (glass material to be press-molded) 22 that is under separation becomes more likely to move in

the X1 difreiiritihy fetogdsypivgtdonttiefonpuedeenigyrthe lower surface 34@nisfhisoftase, the
magnitude of the vector V ( 3 OA) is always larger than the magnitude of the vector V(40) during the
cutting, aylddsHoveyithepasotsinsalaafdisctdradsracting in the X-axis degdGalillustiiatzseeds O
substantially. [0069] (2) Further, when, during the upper side blade 40 is earlier being penetrated
into the risteiaig aébelonez0ittipaibeify wardippdipsid®nlade 40 in the X2 direttienwitclower side
blade including no pressing member 36 is penetrated into the molten glass flow 20 by moving the
lower sid@'%&g@wj@-aﬂéétféﬁﬁémﬁm&@higher speed than thelUSERECHAWPINEER 40, there act
two external forces acting? in opposite directions caused by the penetration of the lower side blade 30
and the 5GAERE5RETaDMA BRI RBIEANPALLSIBIR!R and moreover, there®RSS HMird external
force, which is pg@(%; ed when the lower surface 34B, which comes into contact with the upper surface
of the forward e tion (glass material to be press-molded) 22 that is under separation, for a longer

time than the IO\%\%{II%%'H‘%%E gglrﬁeﬁrg%x g %@g upper surface of the forwargrepd B(S)ét(ijon (glass

. 0 : . SfIrSIC
material to be press-mo inthe arro rection side. In this case, the fhird external force

strongly ?&%W 6@? Ctséﬂgﬁ&;dgy gm%glrbdm { @Iig%u fter the cutting, anquE{?Sﬁ mﬁﬁ/ector sum of

the forces acting in the X-axis direction well exce stantially. [0070]
aglassoutletl 2providedatthelowerendportion ofaglasseffluent
pipelOwhoseupperendportionisconnectedtoam oltenglasssupply
source not shown. On the other hand, at a portion lower than the
glass outlet 12, a first shear blade (lower side bl ade) 30 and a
secondshearblade (uppersideblade)40arearrang edatbothsides
of the molten glass flow 20, respectively, in the d irection
substantiallyperpendiculartoacentralaxisD,wh ichisthefalling
direction ofthe moltenglassflow20. Then,thel ower side blade
30 and the upper side blade 40 move toward an arrow direction X1
and an arrow direction X2, respectively, thereby ap proaching to
aforwardendportion22 side ofthe moltenglassf low20fromboth

sides of the molten glass flow 20.

[0057]

36



The molten glass gob 24 in which the separation mark 24A that was positioned in the vertical direction
in the upper side with respect to the central point C of the molten glass gob 24 immediately after its
separation moved in the clockwise direction with respect to the central point C inFIG. 5 further falls in
the vertical direction in the downward Y| side. Then, the molten glass gob 24 enters the space
between the first press mold and the second press mold both arranged so as to face each other in the
direction perpendicular to the falling direction YI of the molten glass gob 24. Here, as illustrated in FIG.

6, a first Id 5 d d 6 0 bef [ t -molgdi d
wih g tance DEUGAE M O G TALELYTRRTEIH Bt respect to the JAMRGUIRGhon vI.
Then, i izat] [ im - I I b 24 vigjpity of th
contral e D R e B g R SRR S0 and the soceuaPrE e 60, the frs

press mcﬁﬂcﬁ9éﬂgb%?tiﬁﬁggé‘émzﬂé@b%@i%@ﬂﬁﬁ% gecond press moldr@f])e[%m he arrow X2

direction in order to press-mold the molten glass gob 24 by pressing it from both sides. [0071]

Here, the, Rsgrfeinatdsadhansbiforaya@sspaaiipediepa2 and 62 each having agfiskdike shape,

respectively, and guide members 54 and 64 arranged so as to surround the outer peripheral ends of
each of thadteastecidriedicem? podi6 22 eientvelyitbiolgl that, because FIG agdsflawrass-sectional
view, the guide members 54 and 64 are drawn so as to be positioned on both sides of the press mold
bodies 52arith6@y shsii@etngbytitholalBy & dieties verticaldace of each of the peed®mnltidodies 52 and
62 serves as a molding surface 52A and 62A, respectively. Further, in FIG. 6, the first press mold 50
and the sbaitbpragissiaoidedly pesparaligddrdo thet direcivo molding surfaces BaAtadgaA face each
other. Further, the guide member 54 is provided with a guide surface 54A, which is positioned so as to
project shighifdesealasstievidmits slavdee iR thahaX 1 direction, and theWpRBESHERNSer 64 is
provided with aﬁéjde surface 64A, which is positioned so as to project slightly based on the molding

surface GAViRTHERLIRRUINIEANHR IQWEE SUTRRR A and the guide sU?f4RE B8R ome into

f
contact with each othey at the time of press-maolding, and hence a gap is formed pbetween the molding
surface DAUNHHS SgﬁHg@Q%%BSFﬂﬂg?WP%%fgﬁness of the gap coP¥BHdS ﬁ&ethe thickness

of the mglten glass gob 24 molded so as ave a plate shape by being press-molded between the
first pres%orﬂ(z)%%g%qr?& ha Second Efﬁéecsesér%é}ay&,e@gé?e& the thickness of a%%é%rb Zln & urther, as

iIIustrategui]rh(FE%{j %uﬁgcggmgf%?%@g%%%}g f%éa%eﬁormed so that, ngﬁ égtpg?p?gggn glass gob

24 is presse ad completely in the vertical direction and molded into a ass between the

molding gystacaasdPldhg st pss saeneld-eRtansidhe molding surface 62 obg@esqRd press mold

60 by carrying out the press-molding step, at least a region contacting the above-mentioned flat glass
in each qbiber wiakslinedeidesarr@Amrneiesda iseasiadlaiaurface. [0072]  pHriseraisidrd to use a
metal or an alloy as a material for forming each of the press molds 50 and 60 in view of heat
resistande, proviceulity, salhaursinilidye 18 2Bisicesef the bedy resistant temperatysertibth@anetal or alloy
for forming each of the press molds 50 and60 is preferably 1, 000C or more , more preferably 1, 100C
or more. Syachiesdranhidele potitie mBxtaide fovrfoarhodygsrch of the press moldi®B328d &0 preferably
include ferrum casting ductile (FCD), alloy tool steel (such as SKD61), high-speed steel (SKH),

cementean@mmeﬁdhﬂdﬂwamﬁ@tgmt@on 22 in collabora tion with the
movement that the blade portion 34 approaches to an d penetrates
into the molten glass flow 20 at the time of cuttin g the molten
glassflow20. Inaddition, the lower side blade 3 Oandthe upper
side blade 40 are arranged so that the upper surfac e 34U of the
blade portion 34 and the lower surface 44B of the b lade portion
44 are positioned atsubstantially the same height inthevertical
direction.
[0058]
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[0073] The glass blank is manufactured by pressing and press-molding the molten glass gob 24
with the molding surfaces 52A and 62A. Thus, the surface roughness of the molding surfaces 52A and
62A and the surface roughness of the main surface of the glass blank become substantially the same.
The surface roughness (center line surface roughness Ra) of the main surface of the glass blank is
desirably controlled to the range of 10 pm or less in view of performing scribe processing and
performing grinding processing using a diamond sheet, and these processings are carried out as the

below-mentioned post-step,, Thus, the surface rou s.(center line surface roughness. Ra) of the
press-molding s&%?%ﬁé%@%%%%i%@ﬂ%ﬁﬁ%%ﬁ@ t é range of 10 pm or Lebgrfbﬂ(fﬂ?g The
molten g iyst in.E ward and en etween the two
press-méﬂcﬁﬁggﬁégg@%wd&%ﬂ%ﬁgmﬂﬁﬁg in FIG. 7, at%%%é%ﬁot e molten glass
gob 24 reaghasiis ASHIOHSMIRADRFhERIBIPEPIERN In the vertical direcligh g pEgss-molding

surfaces 52A and 62A parallel to the falling direction YI, both side surfaces of the molten glass gob 24

come intp s@ipiRet MEHE PG EIdpg St iReeastAmnd 62A. In this casgy kgaanaration mark 24A
and a surface portion of the molten glass gob 24, the surface portion being located at a position having

the pointtg\thungingaiitiding slepactigremhbddyHbridh sespect to the central ppiridaigbi)e molten
glass gob 24, preferably first come into contact with the press-molding surface 62A and the press
surface 3RA prspectiicad2aimslidtsdibdtinthecsaore3@he. At the stage of immoeiliatglyhieefore carrying
out this press-molding step, the separation mark 24A is positioned on the straight line having an angle
of 00 baguéassingeesnipel Poinnadditiennibrdrogities gbd 24 with respect to digtBaigiariae X3
connecting the central point C with the press-molding surface 62A in the shortest distance. [0075]
Note thab?ﬁd%pqxé%b%éiﬁl@q@féa@mmaeiﬁwm@ménen glass gob 24 RHBISHRMEAtinuously
turning until the time of the start of the press-molding (hereinafter, referred to as "continuously

turning-tyREXRMRISC ARG NRP RIS SHNIBEIRE BPadopt a mode iAAXKIBALHERMIten glass gob
24 turns for a. moment when an external force. is applied from the direction crossing the vertical
oo S S S RO B L SHBIE ERE maimtainig that SER0 AN SHEY e of te star
of the presaignoldin&t os%tg'ﬂ .the vetctor m,of thterorces acting in the X-axis d{recti%[hgf the glass

e t

materials {0 BE Press-mo h@zogrru']o Y e'x'c_|eeergs esubstantially (hereinafté)r(,)sr{a’f%rr]r% 0 as "turning

stop-typg %M}t%mggﬂéém@ﬁggfr%ﬁ%t@a’tggsgage of immediat%ﬁﬁ{%:&ﬁﬁréying out the

press-mo'ldlng step il ecessary, as described above, for the separation mark

24A to bgﬂgg’@@ﬂ%jgg@gfﬁ@@gw@ci@’%ggqmﬂight line X3 and anothwiﬁngFéiﬁ@ehaving an

angle (hereinafter, referred to as "turning angle" in some cases) of 45

coveringthe positionsthatare moredistantfromt he centralaxis

D, inthe arrow direction X1, compared with the pos ition of atip
34A of the blade portion 34. This is because, when the position
of the tip 36A deviates from this range, the pressi ng member 36
comes into contact with the forward end portion 22 earlier than
thebladeportion34atthetimeofseparating(cut ting)theforward
endportion22,andhenceitbecomeshighlypossibl ethattheforward
end portion 22 separated falls in an obliquely down ward direction
insteadofthedownwardverticaldirection. Notet hatthepressing
member36maybeonethatisintegrallyprovidedto thebodyportion

32 in a non-attachable and non-detachable manner, o r may be one
having a shape other than a bar shape, such as a pl ate shape.
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or less based on the central point C of the molten glass gob 24 with respect to the straight line X3.
[0076] Here, in order to control the turning angle at the time of the start of the press-molding
within the above-mentioned range, (1) in the case of the turning stop-type falling, the purpose can be
attained by controlling the direction, intensity, and the like of the external force at the time of turning
the molten glass gob 24, and (2) in the case of the continuously turning-type falling, the purpose can
be attained by controlling a) the direction and intensity of the external force at the time of turning the
molten glass goE) % 5:)) the falling distance, and the like. Here, the term "falling distance" means a
distance from th é gtion at which the separation mark 24A is first formed as exemplified in FIG. 2,

that is, the pos“ﬁ&g&ﬂ’ﬂ%‘é(}%&%\é’. r}r, gﬁﬁ@ﬁ%ﬁgfpaerggstﬂg\&%per s ide blade 40 arg Itgvrgzﬁi[apped in

the vertical direction’, to the po s itio e molten glass gob 24 at the time of the start of the

press-mcag}rﬂg@grgxgmRggeggq(ﬁ{g;.ag, thatissdBeinjgwity,of the almost central ppiiign 49 the diameter

direction of the press-molding surfaces 52A and 62A parallel to the falling direction YI. Note that, in

additionalgeasifiRiptirnieitheyiayiPebHioh e wipethermisuation that press-giriglingdrecomes

difficult to carry out because of the increase of the viscosity of a falling molten glass gob 24 or the
situationithaithiypestaare of rese Visct sidasdeecatisie of an excessively higiiltalibarspesd, the falling
distance is preferably selected from the range of 1,000mm or less, more preferably selected from the
range of &@lQarimtbe lemsystof Bodedpeferably selected fo&d diarangesof 300 mm or less, most
preferably selected from the range of 200 mm or less. Note that the lower limit of the falling distance is
not particularly 1{0@@@] but is preferably 75 mm or more for practical use. [0077] It is possible to
adopt, as a method of controlling the turning angle at the time of the start of the press-molding within
the above-mentiyB&l aaidjestiaiedimitie, Znbrelewmensids §1a2) described below. (#F3A@\da state in
which seg‘aration conditions of the molten glass gob 24 (such as the driving timings of the shear

blades 38'8MPREHSIABRIAIBAPAFEARYE YA IREMBIds 50 and 6 0 aRhHEED I ant, the
f th It falls i itored b [ igh- . Then,
bobed o HEAHRRIPBP IR S AR HBihce io adjusted 2o (AAPRTIRRG angle at the

time of the, Stk AR BreRe BRLDHRNINANS SRAGngntioned range. e rapped

substantiallywithoutanygapbyfurthermovingthe lowersideblade
30 and the upper side blade 40 toward the arrow dir ection X1 and
thearrowdirectionX2,respectively. Thatis,the lowersideblade
30andthe upperside blade 40 are causedto perpen dicularly cross
the central axis D. As aresult, the lower side bl ade 30 and the
upper side blade 40 penetrate into the molten glass flow 20 until
reachingthevicinityofthecentralaxisDthereof ,andtheforward
end portion 22 is separated (cut) as a molten glass gob 24 having
asubstantially spherical shape. Atthattime,as eparation mark
(cut mark) 24A is formed in an upper surface of the molten glass
gob 24.

[0061]

Further, ataroundthe timing of cutting, the tip 36Aofthe
pressing member 36 comes into contact with an upper side surface
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(2) Under a state in which the falling distance is made constant, the appearance of how the molten
glass gob 24 falls is monitored by using a high-speed camera. Then, based on the results of the
monitoring, separation conditions of the molten glass gob 24 (such as the driving timings of the shear
blades 30 and 40) are adjusted so that the turning angle at the time of the start of the press-molding
falls within the above-mentioned range. [0078] Note that the temperatures of the fir st press mold
50 and second press mold 60 at the time of the start of the press-molding are each preferably set to a

I han the, gl iti fagl ial forming th I
gob 24, MR HEAELS SLCHTE R TS HETETREE fne phenomenon tnato WSRO At giass
b24i - . ' - inl hed mol 4 and h
o the ma e I e surtace o e B e biass gob 24
comes inipscaiaR ALt RARh X Faeling uipogs 524 and 624, theymplignlasean 24 s

solidified™so as to attach to the molding surfaces’52A and 62A. Next, as illustrated in FIG. 8, when the

molten gf?&%ﬂfé}ﬁ(ﬂt&?ﬁ%@ﬂ‘&M?&fﬁm Hamndisipeth sides with the firsiirgsegeld 50 and the

second press mold 60, the molten glass gob 24 is pressed and spread so as to have a uniform
thicknesscigeingibeneositipharbwhielvtha chatenalgsssgab 24 and each of gaeriasltbing surfaces 52A
and 62A first come into contact. Then, as illustrated in FIG. 9, the molten glass gob 24 is continuously
pressed pidsshedilce (2 2asd2vbéck 0 reafd itesseseppdiguiess mold 60 untiftbethedieestioface 54A and the
guide surface 64A come into contact, thereby being formed into a disk-shaped or disk-like thin flat
glass 26 tressstgthreertisialdiyesitnsstBriheyeC8IA. Thus, as illustratedsumoftheforces

actinginthedirection(theX-axisdirectionparal leltothearrow
directionX1andthearrowdirectionX2inthefigu re)perpendicular

to the central axis D of the glass materials to be press-molded
22and24 thecentralaxisDbeingparalleltathe verticaldirection,

substantially exceeds zero.

[0062]

Here, FIG. 3and FIG. 4 are graphs illustrating ex amples of
the vectors of forces acting in the X-axis directio nonthe upper
hemisphere of each of the glass materials to be pre ss-molded 22
and 24. Here, inFIG. 3and FIG. 4, the horizontal axis meansthe
X-axis direction, the right side direction represen ts the X1
direction, which is the moving direction of the low er side blade
30 at the time of cutting, and the left side direct ion represents
the X2 direction, which is the moving direction of the upper side
blade 40 at the time of cutting, based on the origi nal point 0.
Further, vectors V(30A), V(40), and V(36) illustrat edin FIG. 3
and FIG. 4 mean vectors attributed to the lower sid e blade 30, the
uppersideblade40,andthepressingmember36,re spectively,that
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FIG. 7, when the separation mark 24A first comes into contact with the molding surface 62A, the
separation mark 24A (not shown in FIG. 9) is eventually positioned in a surface of the thin flat glass
26, the surface facing the molding surface 62A. [0080] Here, the thin flat glass 26 illustrated in
FIG. 9 has substantially the same shape and thickness as the glass blank to be finally obtained.
Further, the time taken from the state at the time of the start of the press-molding illustrated in FIG. 7
until a state in which the guide surface 54A and the guide surface 64A come into contact with each

th illustrated i G.9 inaft ferred t " -molding fime!" i [

oroteranly Ot LR T NSRS 0@ iorming the motte N BRGSO  thin fa

glass. Mﬂﬁ%&%ﬁ%f%%%%&&i&%@?i@sg Te J{é%g}{ surface 54A and the %%?s?&éf%%lgd"a‘ come into
ishe

contact with each other is esta at the time ‘gﬁhe press-molding, it becomes easy to maintain

the para'%,ﬂ%ﬁ@%@&léﬁ&@,ﬁ%ﬂ%ﬁ%@ﬁw the molding sq@gqg%timgﬁ that the upper

limit of the press-molding time is not particularly limited. [0081] Note that after the'state illustrated

in FIG. 9ti§e@§i@ﬂ'&?¥tﬂ@e%§i?@%§ib|ﬁeéﬁcﬁﬁ@ﬁﬁféwying a pressure suffigiesilyragritey than a press
pressure applied to the first press mold 50 and the second press mold 60, so that a state in which the
guide surfaaertéiéinshiee gridisddaaa i imaontact is maintainestitieiftingaintaining a state
in which both surfaces of the thin flat glass 26 and each of the molding surfaces 52A and 62A are
closely attached0DB&h, while the state is continued for several seconds, the thin flat glass 26 is
cooled. Here, cooling the thin flat glass 26 in a state in which the thin flat glass 26 is sandwiched
between the firsHeresthaioloveotarsM@d Sganud (BfHssibole a0 is preferably carttielowentil the
temperature of the thin flat glass 26 reaches a temperature equal to or less than the deformation point
of a glas§ifARaHa3IBANMEeHBRRTSIHSDIAEe40efRR6that if the press préSiURA Y REPEIsed in the
above-mentioned state, the thin flat glass 26 breaks in some cases.

havingsubstantiallythesamemagnitude,eachactin gincompletely
reverse directions. At the time of cutting, when t he lower side
blade 30 and the upper side blade 40 start penetrat ing into the
moltenglassflow20,themagnitudesofthevectors V(30A)andV(40)
eachstartincreasingfromOandthenreachamaxim umvalue. After
that,whenthecuttingfinishesandtheuppersurfa ceofthemolten
glass gob 24 separates from the lower side blade 30 and the upper
sideblade40,themagnitudesofthevectorseachr eturnto0. That
is,thesetwovectorsV(30A)andV(40)havearelat ionshipofalmost
cancelling each other in the molten glass gob-formi ng step, and
hence the difference of the magnitudes of the vecto rs V(30A) and

V(40) seems to be kept at 0 substantially.

[0064]

Then, when the forward end portion (glass material to be
press-molded) 22 which is just under separation is pushed by the
tip 36A of the pressing member 36, as illustrated i n FIG. 3, the
vector V(36) inthe X1 direction additionally acts inadditionto
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[0082] Next, as illustrated in FIG. 10, the first press mold 50 is moved in the X2 direction and the
second press mold 60 is moved in the X1 direction so that the first press mold 50 and the second
press mold 60 are separated from each other, thereby demolding the thin flat glass 26 from the
molding surface 62A. Subsequently, as illustrated in FIG. 11, the thin flat glass 26 is demolded from
the molding surface 52A, and the thin flat glass 26 is caused to fall in the downward Y| side in the
vertical direction so as to be taken out. Note that when the thin flat glass 26 is demolded from the

molding surface 52A in fl S,26 can be demolded by applying a force from an outer
petipher TR O R Y L e S Bl - or i i NSEGIALE e LB Bts0 be
demolde i ithe air face of. { ass so as to contra . Jn.this case, the
thin flat g%%&%%@g%ﬁe&a@eeﬁﬁimﬁém%égége force to the thin flgﬁ%g?sﬁ é%.ﬁNote that, it

may be pagsiBIgS'e SHREAhRAPERT =AM 0% Mecrrligap first press mold 5Kl second press

mold 60 by us ing a medium for cooling stich as water or air s o that the temperature s of the molding

surfaces GARIEBIAGIORELEEARENE KR 11R083en g Finally, the thin fialkglassfdaken out is

subjected to annealing to reduce or remove strain, thereby yielding a base material to be processed
into a magarsialacasdipgesis ol sl dep dhnatdd, froghase blank. Further, therglaes blask locally
includes a shear mark attributed to the separation mark 24A in the vicinity of the central portion of its
main surfeove 20heg wshegldy itfeutdindtihestleapraasincamée removed by the wd@radaleeforming
processing that is carried out at the time of manufacturing a magnetic recording medium substrate.
[0084] magltydhaithe vestors¢O3Mp)otnbe/del)etughas flow 20 is less thad BOBIGP3-s, it may
become difficult to separate the molten glass gob 24 in a necessary amount in a state in which the
molten g% AERENTEIR. RkhgsH UsEratedmMbiGwheAlhe viscosity of the mEMRYEGIREY (&R 20 is less
than 500 dPa-s, a necessary amount of molten glass for obtaining the molten glass gob 24 is

accumul 3RS HySAippYlkthG YRS RISMPATIRIYERRAF 22 of the molten glad8ABNOE BEISw the glass
outlet 12, and the mqlten %Igag 8ob 4is theﬁr;/

direction well exc substantia

[0065]

Note that, inthe example illustrated in FIG. 2, t he vector
V(36) may be caused to act in only the mode illustr ated in FIG.
3, in which the lower side blade 30 and the lower s ide blade 40
are penetrating into the molten glass flow 20, the vector V(36)
may be causedto actinonly the modeillustratedi nFIG. 4, which
illustrates the state of after the completion of th e penetration
of the lower side blade 30 and the lower side blade 40 into the
molten glass flow 20, or the vector V(36) may be ca usedtoactin

both the modes illustrated in FIG. 3 and FIG. 4.

[0066]

Whenexternalforcesareappliedtoeachofthegl assmaterials
to be press-molded 22 and 24 in the modes illustrat edin FIG. 3
and/or FIG. 4, the position at which the vector V(3 6) actsis a
positionlocated atan upper portioninthe leftsi dewithrespect
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separated. Then, itisrecommendedthatanexterior force be applied to the thus obtained molten glass
gob 24 so that the molten glass gob 24 turns around the central point C as the base, followed by falling
of the molten glass gob 24, and press-molding be started under a state in which the separation mark
24A faces the molding surface 52A or the molding surface 62A. [0085] By subjecting the molten
glass gob 24 that is falling to press-molding, the viscosity distribution of the molten glass gob 24 just
before the start of the press-molding is made uniform, and the molten glass gob 24 can be stretched

il h if Il thick . When the i i f | hol
formed OB RH b AR O T ate o smll, e srd STBCASS: MO rmed n he
glass bl is ma: t?nslg?%l:lefg Mﬁéﬁ&%ﬂ#ﬂr&m{g Agg %d in the range in Y&W&E }Iaeb entral hole of

the glass blank is forme IS case, it'Is effective that the cross section of the vicinity of

the forwaydhendhAiierb 32,01 e eateqIgRsAdiawmedialong the plane perpgndicyialiy e direction to

which the molten glass flow 20 falls has a substantially elliptical shape with a major axis and a minor

axis. In aR@HereuRiantsecastdPRipetiAmERD of the forward end portigisZsmiHigataalten glass flow
20 is carried out as follows. That is, a pair of shear blades is penetrated into the molten glass flow 20

from direigi1Gs D mpsitedocesiivdiitdihibie cli@ediars cro s s ing the vertigabdugstiimghe directions
which are substantially perpendicular to direction to which the molten glass flow 20 falls and directions
which arenaheosrtoaletipestaingn nhib € onajoraadti¥ Hiffadiiion of the cross sectiomyaditbetioainity of the
forward end portion 22 of the molten glass flow 20. Separating the forward end portion 22 of the
molten gkide fbasEparatiendripdldpoir@ioansnastitnedhear mark smaller. mhhigestisa| even if the
inner diameter of the central hole is small, the shear mark can be localized in the range in which the
central heljEc6fi eeiy s UKk sidevyidtrespecttiatthe 6Rfer to make the crosst&@kBeibEthe vicinity of
the forward end portion 22 of the molten glass flow 20 have a substantially elliptical shape, it is
possible nERPTeEIasRAH4M YAUBIIREE making the apertuRPEREYEYLHTEAMSS outlet 12
elongated and a method jnvolvin modi%i the cross-sectional shape so as to be elongated by s
andwichifiP¥re W\I&I?e?fcbq \Q’ésﬁﬂ?%'% 'ﬂ[%%%?ﬁ%ﬁ@et@ along the direction ?&ﬁm@uﬁﬂ@%ﬂolten glass
flow 20 falls. Further, as a technique for making a shear mark smaller, a method involving cutting a
molten glass flow by us ing a pair of shear blades in which each blade portion is branched and has a V
shape or a U shﬁﬂ%i@also effective. In this case, as exemplified in FIG. 2, the separation of the
forward end portion 22 of the molten glass flow 20 is carried out by causing a pair of the shear blades

30 and 40 to perﬂﬁ;f@%gﬂtm% @@Fﬁﬂl@'ﬁﬁ%tﬂ%@ﬁlfﬁ??‘, @iggctions opposite to eaghQikey the

directions crossing the vertical direction and being substantially perpendicular to the direction to which

the molteAeyresdlay erimisr 36 which is fitted to the lower side blade 30
and presses the upper portion side of each of the g lass materials
to be press-molded 22 and 24 in collaboration with the lower side
blade30. However,thepressingmember36forpres singeachofthe
glass materials to be press-molded 22 and 24 may be arranged at
a position separated from the lower side blade 30 a nd the upper
side blade 40 so as to press each of the glass mate rials to be
press-molded22and24. Further,asexemplifiedin FIG.3andFIG.
4, as long as the pressing by the pressing member 3 6 is carried
outsothatthevectorsumoftheforcesactingin theX-axisdirection
ofeachoftheglassmaterialstobe press-molded2 2and24exceeds
0 substantially, the position at which and the dire ction to which
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[0087] Further, the size of the shear mark formed in the glass blank increases and decreases
depending on the inner peripheral length of the glass outlet 12. As the inner peripheral length of the
glass outlet 12 increases, the size of the shear mark also increases, and as the inner peripheral length
of the glass outlet 12 decreases, the size of the shear mark also decreases. Thus, in order to make the
size of the shear mark smaller than the diameter of the central hole, it is recommended to make the
inner peripheral length of the glass outlet 12 smaller, that is, make the inner diameter of the glass

tlet 12 II I the outfl t it ti f th It flow 20, trolled
?o“getphreq%s?rﬁﬁ#ﬁ{g%‘3.{92825%@5*&%%@i‘gﬁ%ﬁé@%@%ﬁ“@@%@% FS'Z? g?ar;(‘é’ EZ%%%E% %Yéfsefo%";éi-f
and the i [ 0 47 mm (whic spqQnds to an inner
diametermégéﬁ%ﬁ?bﬁmg%& e gl(gi%ﬁgl'ﬁlé‘tl%t@éé@zgcircular shape), thelpgéqt’ﬁg@vc%@gount per unit

time of the MIPBIAASHHRY FRARFEANESROGBLYINYRILYICh corresponds to b, glass blanks) and

the size of the shear mark becomes 18 mm, and hence the size of the shear mark can be made

smaller tbérﬂ)?é?s%a‘iﬁ’YHEHdﬁiBﬂtﬁiW@é‘ﬁbﬁWﬁlé%H@é hole of a magnetic figgaidiRganggium
substrate with a 2.5 inch size. Further, if the viscosity of the outflowing molten glass flow 20 is kept at

the abovRioretiignRd yatuscenidikadenaigeripbaretiengimof the glass outlepflihésioride 41 mm
(which corresponds to an inner diameter of about 13 mm), the outflow amount per unit time of the
molten gdtiowthe Bearisds &S g/ohieach Mthegtassesponds to 35 glass hiaaes)adstbthe size of
the shear mark becomes 15 mm, and hence the size of the shear mark can be made smaller than 20
mm, whidie pese izidridelenth4stonrildiekcettiesugiastic recording niediheadseaate with a 2.5
inch size. As described above, the size of the shear mark can be controlled so as to fall within the
diameteryierRteeMAGIRSIETHS ReRFRA GHeaR SdetRumMpMeedium substrate..[begBpewhersG. 12 is a
schematic cross-sectional view illustrating one example of separation of a forward end portion of a

molten glASE3RR¥ iR§HPRYY BFRALAE PdREVRIGENRRS. llisaview specificdiPiIRE0EER the case
where the cross section (horizontal cross section) of the molten glass flgw 20 along a plane
perpendi@ﬂh?f@%%ﬁ% F‘B%'éog eﬁ@@f% ¥ubstantia|ly eIIiptich’ﬁQéﬁQi—'(éﬂ&a}E the figure, an
alternate F|on and sh(ﬁ{t dash IinT % means the gi{g1 g}ir% Stpat agrees with thﬁ][engé% é»s(is direction of the

Irection; heshearb sgremaove ee
molten glass ﬁow 50 aving an e ﬁpt?czia} shapeas the horizontal cross section, and is Bara lel to the

arrow X%@Fﬁgg&n(ﬂﬂgcg% %rﬁgv?r%%%rgﬁg\gﬁom [tggsp%;ﬁimple illustrated in FIGelpglsg I{H%i{ of the shear

blades 30 and 40 is penetrate e molten glass flow 20 from directions opposite to each other,

the directigha GessinadnenarinRlsicslian (6eai@ dieP), being perpendiculag fprag dieection

(central axis D) to which the molten glass flow 20 falls, and agreeing with the major axis directions of

the horizepishplmes fEclOBnEIBAtier Wagadanes® (penetration is caysagRyrdeenMing the lower
side blade 30 in the X1 direction and moving the upper side blade 40 in the X2 direction). [0089]

produces the vector of the force acting in the X-ax is direction
aiming at turning the molten glass gob 24 is applie d to each of
theglassmaterialstobepress-molded22and24fr omthedirection
crossing the vertical direction, for example, the d irection from
which and the position at which the external force is applied to
each of the glass materials to be press-molded 22 a nd 24 are not
particularlylimited. However,whentheexternalf orceisapplied,

it is particularly preferred that the central point C of each of
the glass materials to be press-molded 22 and 24 (N ote that, in
thecaseoftheforwardendportion22beforesepar ation,thecentral
pointCcorrespondstothe positionthatistobet he central point
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A glass blank is pr oduced by utilizing horizontal direct press in the method of manufacturing a glass
blank in the first embodiment, and hence a glass blank having a small thickness deviation and a small
flatness can be easily obtained. Note that the thickness deviation of the glass blank that is
manufactured is preferably 10 pm or less, and the flatness of the glass blank is preferably 10 pm or
less, more preferably 8 pm or less, still more preferably 6 pm or less, particularly preferably 4 pm or
less. [0090] The method of manufacturing a glass blank in the first embodiment is suitable for

duci I lank havi io gf di ter to thick di ter/thick f 50 to 150.
Fere. O DU ORER R eoah ZAARE T HEL4% R o axis and minBp SSTSHURE glass blank
Th 50. angd: - t ipheral end - I blank, and
nence (e N e SRR e, Here. the cirodtany) T2 Jocs biank that i
produceq,\)ﬁéppgw@mpﬂypme@l,&%é@prg{q@@ggg%@ to within 0.5 mm. [9Q91] fhe diameter

of the glass blank is not particularly limited. The diameter is preferably set, as a target value,

toavalueghsainpsohycaddingdoArsdiatses shine abstiate, the amount obglassiihatisesremoved at

the time of scribe processing and outer peripheral processing which are carried out when the glass
blank is piaeessHdridisappramgtineaeidiniganedssn substrate, as descriggd Neteunhd0092]

moreexactly,whenthecentralpointCofeachoft heglassmaterials
tobepress-molded22and24ispositionedonthed irectioninwhich

the external force is applied, any force for causin g turns does
not occur at that moment. However, the molten glas s gob 24
continuously falls and the position of the central point C
continuouslymovesdownward,andmoreover,theforw ardendportion
22isseparatedinanextremely shorttime and fall sasthemolten
glassgob 24. Thus, the central point C movesdown ward duringthe
period in which the external force is continuously applied. Asa
result, though turns become difficult to occur, it is completely

unlikely that turns do not occur at all.

[0068]

Notethattheapplicationofanexternalforceto eachofthe
glass materialsto be press-molded 22 and 24 aiming atturningthe
molten glass gob 24 is also possible by controlling the shape of
a shear blade or the speed and timing of the moveme nt of a pair
ofshearbladesinsteadofusingthepressingmembe 136. Forexample,
when a lower side blade including no pressing membe r 36 is used
INFIG.1andFIG.2,(1)manyprojectionsareprov idedinthelower
surface 34B, which comes into contact with the uppe r surface of
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The thickness of the glass blank falls preferably within the range of 0.75 to 1.1 mm, more preferably
within the range of 0.75 to 1.0 mm. It is recommended to measure the thickness, thickness deviation,
flatness, diameter, and circularity of the glass blank by using a three-dimensional measuring machine
and a micrometer. [0093] It is recommended that the composition of glass to be used be
appropriately selected depending on the properties that are required for a magnetic recording medium
substrate. Examples of the glass include alumino silicate glass, soda lime glass, soda alumino silicate

lass, ino,borpsilicate glass. Further, these kinds of gl b I1 , Which
& orysial A AR R PR PSSP LTOBERR A5G oy het wemment AND B2 Bcssed o a
magnetiGJ ﬁﬁ&@'&@@%‘!wmfﬁvg%r &riftetan theigps used for a magnetic [geqrdipggmedium
substrate that Is utilized tor producing a magnetic recording medium such as a magnetic disk desirably

has cherpigg) fUHRIIPeARFIR T i8I dhYriaad & YRRHBR MRl Gxpansion coefficientyFydhg,ythen

importance is given to enhancing bending strength, the glass is required to have a composition that is

suitable fQiriesasinthegMicas sranobwaing Rikkvshen high-temperature heajdfeatmgnt is carried
out in a process of producing a magnetic recording medium, the glass is desired to have a composition

that is suitakiesfeil Rabibiing lieaddnediigsistanssp ¢6695] omoltenglass,

or the like, thereby being able to apply an externa
easilyinthe X1 directiontothe upper surface of
portion (glass material to be press-molded) 22 that
separation. This is because, in this case, there i
frictionalforcebetweentheuppersurfaceofthef
(glass material to be press-molded) 22 that is unde
andthelowersurface34B,andhencetheuppersurf
end portion (glass material to be press-molded) 22
separationbecomesmorelikelytomoveinthe X1di
involved in the movement of the lower surface 34B.
themagnitudeofthevectorV(30A)isalwayslarger
of the vector V(40) during the cutting, and hence t
of the forces acting in the X-axis direction well e
substantially.

[0069]

(2) Further,when, duringthe upperside blade 40
being penetratedintothe molten glassflow20bym
side blade 40 in the X2 direction, the lower side b
no pressing member 36 is penetrated into the molten

by moving the lower side blade inthe X1 direction
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It is possible to give, as glass having chemical durability, large rigidity, and a high thermal expansion
coefficient, glass which contains, in terms of oxides expressed in mol%: 1) 50 to 75% of SiOs; 2) 0 to
15% of AI200; 3) 3 to 35% in total of at least one kind of metal oxide selected from Li20, Na20, and
K20; 4) 0 to 35% in total of at least one kind of metal oxide selected from MgO, CaO, Sr0, BaO, and
Zn0; and 5) 0 to 15% in total of at least one kind of metal oxide selected from Zr02, 1102, La203r
Y203, 1a205, Nb205, and HfOs.

higher speed than the upper side blade 40, there ac
forces acting in opposite directions caused by the
thelowersideblade 30andthe upperside blade 40
glass flow 20, and moreover, there acts a third ext
whichisproducedwhenthelowersurface34B,which
with the upper surface of the forward end portion (
tobe press-molded) 22 thatisunder separation, fo
thanthe lower surface 44B, strongly rubsthe upper
forward end portion (glass material to be press-mol
arrow X1 direction side. In this case, the third e
strongly acts at the stage of just before and immed
the cutting, and hence the vector sum of the forces
X-axis direction well exceeds 0 substantially.
[0070]
Themoltenglassgob24inwhichtheseparationma
was positioned in the vertical direction in the upp
respecttothecentralpointCofthemoltenglass
afteritsseparationmovedintheclockwisedirecti
tathecentralpointGnFIG Sfurtherfallsnt
inthe downward Y1side. Then,the moltenglassgo
space between the first press mold and the second p
arranged so as to face each other in the direction
to the falling direction Y1 of the molten glass gob
illustrated in FIG. 6, a first press mold 50 and a

moldéObeforecarryingoutpress-moldingarearran

a7

ttwo external
penetration of
intothemolten
ernal force,
comesintocontact
glass material
ralongertime
surface ofthe
ded)22inthe
xternal force
iately after

acting inthe

rk24Athat
er side with
gob24immediately
onwithrespect

heverticaldirection

b24entersthe

ress mold both

perpendicular
24. Here, as

second press

gedwithedistance



[0096] Note that it is desirable to add Sn oxide and Ce oxide at a total content in terms of outer
percentage in the range of 0.1 to 3.5 mass% in order to improve bubble removal at the time of fining.
In this case, the mass ratio of the content of Sn oxide to the total content of Sn oxide and Ce oxide
(mass of Sn oxide/ (mass of Sn oxide +mass of Ce oxide)) is 0.01 to 0.99. Hereinafter, unless
otherwise specified, the content and total content of glass components are expressed in mol%, but the
contents of Sn oxide and Ce oxide are expressed in mass%. [0097] 5i02, which is a component

and chert AL R B eSS R RRIERECr e contont UMM han 0%, the
above-mgf? gﬁﬁﬁfyﬁpq%%cmgﬁﬂg&ﬁw%%wéd 2d. When the contentmra% ?m%eeds 75%,
occ eg iC

undissolved substances may occur in the glass or bubble removal may become msufficient because

the viscogjtyaht %Qéaééﬁéwﬁe%}?egftﬁ@%Pﬁ%’r‘ﬂ?&%@ﬁ“gh- Thus, the con%tﬁgrﬁm is preferably

50 to 75%. [009 Al202 also contributes to forming a glass network, functions so as to improve

glass stajpitiiy padichRIMiIcHBRRERrs BN 4FAJIEIEtIoNs so as to increasepamiRREEdEYe rate at the
time of chemical strengthening. When the content of Al202 exceeds 15%, the meltability of the glass

lowers apdegaristdbrshslifegiaesas ondBohelaBlatke occur. Moreover, dedhmaaeexpansion

coefficient may lower and the Young's modulus may lower. Thus, the content of Al202 is preferably O

to 15%. and the second press mold 60 moves in the arrow X2 direction in
order to press-mold the molten glass gob 24 by pres sing it from
both sides.
[0071]
Here,thepressmolds50and60have pressmoldbo dies52and

62 each having adisk-like shape, respectively, and
54 and 64 arranged so as to surround the outer peri
eachofthe pressmoldbodies52and 62, respective
because FIG. 6isacross-sectional view, the guide
64 aredrawnsoastobe positionedonbothsideso
bodies 52 and 62, respectively, in FIG. 6. Here, o
eachofthepressmoldbodies52and62servesasa
52Aand62A,respectively. Further,inFIG.6,the
50andthesecondpressmold60arearrangedsotha
surfaces 52A and 62A face each other. Further, the
54 is provided with a guide surface 54A, which is p
as to project slightly based on the molding surface
direction,andtheguidemember64isprovidedwith
64A, which is positioned so as to project slightly

molding surface 62A in the X2 direction. Then, the
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[0099] Li20, Na20, and K20 each function so as to improve the meltability and moldability of the
glass, and also function so as to increase the thermal expansion coefficient of the glass. When the
content of Li20, Na20, and K20 is less than 3%, the above-mentioned functions may not be sufficiently
provided. When the content exceeds 35%, chemical durability, in particular, acid resistance may be
lowered, or the thermal stability of the glass may be lowered. Further, a glass transition temperature
may be lowered, thereby lowering heat resistance as well. Accordingly, the content of Li20, Na20, and

i bl % ferabl %. d b d that, f Li , and
e s A R AL o o RS e 20
Sr0, BaOatqﬂg ﬁ@g ﬁ%%@%aﬂuﬁﬁ%@ ﬁrgﬁégev% h@ﬁ}g%ablhty, moldability, %Q%Y%E%é,{mdums of

the glass, an unction so as to increase t expansion coefficient an g's modulus

of the glagg. HEINRYFEIMARE BENCIALGARRIBIANIY Xdra@Ps K0 BaO, and ZnO-gygeegls 35%,

chemical durability or the thermal stability of the glass may be lowered. Accordingly, the total content

of MgO, GRRNSHA AR §8E EHREBIRISRINOIIREMARI01] 202, 1108 aRfi3nY203, 1205,

Nb205, and Hf02 each function so as to improve chemical durability, in particular, alkali resistance,

improve hralsigsisiantsdadsohsrtingeaglasssiiapsitipn temperature, angrejpresseroldedng's modulus
and fracture toughness. However, when the total content of Zr02, 1102, La203, Y203, 1a205,

betweenthe first press mold 50 and the second pres smold 60, that
is,thethicknessofaglassblank. Further,asil lustratedinFIG.

6, the molding surfaces 52A and 62A are formed so t hat, when the
moltenglassgob24ispressedandspreadcompletel yinthevertical
directionand moldedintoaflatglassbetweenthe molding surface
52A of the first press mold 50 and the molding surf ace 62 of the
second press mold 60 by carrying out the press-mold ing step, at
least a region contacting the above-mentioned flat glassin each
of the molding surfaces 52A and 62A forms a flat su rface.

[0072]

Itis preferred to use ametal oranalloyasama terial for
formingeachofthepressmolds50and60inviewo fheatresistance,
workability, and durability. In this case, the hea t resistant
temperature of the metal or alloy for forming each of the press
molds50and60ispreferablyl,000°Comore more preferablyl,100°C
ormore. Specificexamplesofthematerialforfor mingeachofthe
press molds 50 and 60 preferably include ferrum cas ting ductile
(FCD), alloy tool steel (such as SKD61), high-speed steel (SKH),

cemented carbide, Colmonoy, and Stellite.

[0073]
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Nb205, and Hf02 exceeds 15%, the meltability of the glass may be lowered. As a result, an unmelted
glass raw material may remain in the glass. Accordingly, the total content of Zr02, 1102, La203, Y203,
1a205, Nb205, and Hf02 is preferably 0 to 15%. [0102] Composition ranges included in the
above-mentioned composition range are given below. Note that the content and total content of glass
components are expressed in mol%, unless otherwise specified. [0103] First glass, in which
Importance is given to efficiency of chemical strengthening, has a composition range of 1) the content

of $102: 60 to 7?(I)ﬁ/oégIassblankismanufacturedbypressingandpr ess-molding
themoltenglassgob24withthemoldingsurfaces5 2Aand62A. Thus,
the surface roughness of the molding surfaces 52A a nd 62A and the
surface roughness of the main surface of the glass blank become
substantiallythesame. Thesurfaceroughness(cen terlinesurface
roughness Ra) of the main surface of the glass blan kis desirably
controlledtotherangeof10 umorlessinviewofperformingscribe
processingandperforminggrindingprocessingusing adiamondsheet,
and these processings are carried out as the below- mentioned
post-step. Thus, the surface roughness (center line surface
roughness Ra) of the press-molding surfaces is also preferably
controlled to the range of 10 um or less.

[0074]

The molten glass gob 24 illustrated in FIG. 6 fall sfurther
downwardandentersthespacebetweenthetwopress -moldingsurfaces
52Aand 62A. Then, asillustrated in FIG. 7, atth etimewhenthe
moltenglassgob24reachesthevicinityofthealm ostcentralportion
in the vertical direction of the press-molding surf aces 52A and
62A parallel to the falling direction Y1, both side surfaces of
the molten glass gob 24 come into contact with the press-molding
surfaces 52A and 62A. In this case, the separation mark 24A and
a surface portion of the molten glass gob 24, the s urface portion
being located at a position having the point symmet ry with the
separationmark24Awithrespecttothecentralpoi ntCofthemolten
glass gob 24, preferably first come into contact wi th the
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2) the content of Al203: 3 to 12%, 3) the total content of at least one kind of metal oxide selected from
L120, Na20, and K20: 20 to 35% (preferably 20 to 30%), 4) the total content of at least one kind of
metal oxide selected from MgO, CaO, Sr0, BaO, and ZnO: 0 to 5%, and 5) the total content of at least
one kind of metal oxide selected from Zr02, 1102, La203, Y203, Yb203, 1a205, Nb205, and Hf02 : O to
7%. [0104] Second glass, in which importance is given to chemical durability, has a composition
range of 1) the content of 5i02: 60 to 75%, 2) the content of Al203: 1 to 15%,

press-moldingsurface62Aandthepresssurface52A
atsubstantiallythesametime. Atthestageofim
carrying out this press-molding step, the separatio
positioned onthe straightline having an angle of
centralpointCofthemoltenglassgob24withres
lineX3connectingthecentralpointCwiththepre
62A in the shortest distance.

[0075]

Notethatitmaybepossibletoadoptamodeinwh
glass gob 24 falls while continuously turning until
the start of the press-molding (hereinafter, referr
"continuously turning-type falling"). Alternativel
possible to adopt a mode in which the molten glass
foramomentwhen an external force is applied from
crossing the vertical direction and then, the molte
falls while maintaining that state until the time o
the press-molding, so that the vector sum of the fo
the X-axis direction of the glass materials to be p
and24exceedsOsubstantially(hereinafter,referr
stop-type falling"). However, in any of the cases,
of immediately before carrying out the press-moldin
illustrated in FIG. 7, it is necessary, as describe
the separation mark 24A to be positioned in the ran
straight line X3 and another straight line having a

(hereinafter, referredtoas"turningangle"insom
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3) the total content of at least one kind of metal oxide selected from Li20, Na20, and K20: 15 to 25%,
4) the total content of at least one kind of metal oxide selected from MgO, CaO, Sr0, BaO, and ZnO: 1
to 6%, and 5) the total content of at least one kind of metal oxide selected from Zr02, 1102, La203,
Y203, Yb203, Ta205, Nb205, and Bt02 : 0.1 to 9% (preferably 0.5 to 9%, more preferably 1 to 9%).
[0105] Third glass, in which importance is given to large rigidity, has a composition range of 1)

the content of Si02: 50 to 70%,

or less based on the central point C of the molten
with respect to the straight line X3.

[0076]

Here, in order to control the turning angle at the
the start of the press-molding within the above-men
(1) inthe case of the turning stop-type falling, t
be attained by controlling the direction, intensity
of the external force at the time of turning the mo
24, and (2) inthe case of the
the purpose can be attained by controlling a) the d
intensity of the external force at the time of turn
glassgob24,b)thefallingdistance,andthelike
"falling distance"meansadistance fromthe positi
separation mark 24Aisfirstformed as exemplified
is, the position at which the lower side blade 30 a
sideblade4Careoverlappedntheverticaldirect
ofthemoltenglassgob24atthetimeotthestart
asexemplifiedinFI1G.7 thatis,thevicinityof
portion in the diameter direction of the press-mold
52A and 62A parallel to the falling direction Y1.
additional consideration of the viewpoint of preven
situationthatpress-moldingbecomesdifficulttoc
of the increase of the viscosity of a falling molte
or the situation that the position of press fluctua

anexcessivelyhighfallingspeed thefallingdist
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2) the content of Al203: 1 to 8%, 3) the total content of at least one kind of metal oxide selected from
Li20, Na20, and K20: 12 to 22%, 4) the total content of at least one kind of metal oxide selected from
MgO, CaO, Sr0, BaO, and ZnO: 10 to 20%, and 5) the total content of at least one kind of metal oxide
selected from Zr02, 1102, Ta203, Y203 Yb203a205 Nb205 and Hf02 : 3 to 10%. [0106] Fourth
glass, in which importance is given to high heat resistance, has a composition range of 1) the content
of Si02: 50 to 70%,

selectedfromtherangeofl,000mmorless,morep
from the range of 500 mm or less, still more prefer
from the range of 300 mm or less, most preferably s
therangeof200mmorless. Notethatthelowerl
distance is not particularly limited, but is prefer
more for practical use.

[0077]

Itispossibletoadopt,asamethodofcontrollin
angle at the time of the start of the press-molding
above-mentionedrange,forexample,themethod(1)
below.
(1)Underastateinwhichseparationconditionsof
gob 24 (such asthe driving timings of the shear bl
andthedrivingtimingsofthepressmolds50and6
the appearance of how the molten glass gob 24 falls
by using a high-speed camera. Then, based on the r
monitoring, the falling distance is adjusted so tha
angle at the time of the start of the press-molding
the above-mentioned range.
(2) Under a state in which the falling distance is
the appearance of how the molten glass gob 24 falls
by using a high-speed camera. Then, based on the r
monitoring, separationconditionsofthemoltengla
asthedrivingtimings of the shearblades 30 and 4

sothattheturningangleatthetimeofthestart
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2) the content of Al203: 1 to 10%, 3) the total content of at least one kind of metal oxide selected from
Li20, Na20, and K20: 5 to 17% (provided that the content of Li20 is O to 5%, preferably 0 to 1%), 4)
the total content of at least one kind of metal oxide selected from MgO, CaO, Sr0, BaO, and ZnO: 10
to 25%, and 5) the total content of at least one kind of metal oxide selected from Zr02, 1102, La203,
Y203, Yb203, 1a205, Nb205, and Hf02 : 1 to 12%. [0107] Fifth glass, in which importance is
given to high heat resistance, large rigidity, and high thermal expansion, has a composition range of

falls within the above-mentioned range.

[0078]

Notethatthetemperaturesofthefirstoressmold
press mold 60 at the time of the start of the press
eachpreferablysettoatemperaturelessthanthe
temperature of a glass material forming the molten
With this, itis possible to prevent more reliably
that,whenthemoltenglassgob24ispress-molded,
between the thinly stretched molten glass gob 24 an
molding surfaces 52A and 62A occurs.

[0079]

Afterthesurfaceofthemoltenglassgob24comes
with each of the molding surfaces 52A and 62A, the
gob 24 is solidified so as to attach to the molding
and62A. Next,asillustratedinFIG.8,whenthe
24iscontinuouslypressedfromitsbothsideswith
mold 50 and the second press mold 60, the molten gl
pressed and spread so as to have a uniform thicknes
position at which the molten glass gob 24 and each
surfaces52Aand62Afirstcomeintocontact. Then
in FIG. 9, the molten glass gob 24 is continuously
thefirstpressmold50andthesecondpressmold6
surface 54A and the guide surface 64A come into con
being formed into a disk-shaped or disk-like thin f

betweenthe moldingsurfaces52Aand62A. Thus,as
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glass gob 24.
the phenomenon
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1) the content of Si02: 50 to 75%, 2) the content of Al203: 0 to 5%, 3) the total content of at least one
kind of metal oxide selected from Li20, Na20, and K20: 3 to 15% (provided that the content of Li20 is O
to 1%), 4) the total content of at least one kind of metal oxide selected from MgO, CaO, Sr0, BaO, and
ZnO: 14 to 35%, and 5) the total content of at least one kind of metal oxide selected from Zr02, 1102,
La203, Y203, Yb203, 1a205, Nb205, and Hf02 : 2 to 9%. [0108] [Method of manufacturing magnetic
recording medium substrate] Amethod of manufacturing a magnetic recording medium substrate

in the f d h dj ding medi duced b
Qigisirjéﬁé‘"?ﬁw&?e AR TN S UG IR, o contral holo IR ARSI orcon of the
main SurfRee A A RerRERoR N RIS HINIRRZLARC otshowninFIG.

9) is eventually positioned in a surface of the thi n flat glass

26, the surface facing the molding surface 62A.

[0080]

Here, the thin flat glass 26 illustrated in FIG. 9 has
substantially the same shape and thickness as the g lass blank to
befinallyobtained. Further,thetimetakenfrom thestateatthe
time ofthe startofthe press-moldingillustrated inFIG. 7 until
a state in which the guide surface 54A and the guid e surface 64A
comeintocontactwitheachotherasllustratedn FIG 9 hereinafter,
referred to as "press-molding time" in some cases) is preferably
0.1 second or less from the viewpoint of forming th e molten glass
gob24intoathinflatglass. Moreover, because a state inwhich
the guide surface 54A and the guide surface 64A com e into contact
with each other is established at the time of the p ress-molding,
itbecomes easyto maintainthe parallel state betw eenthemolding
surface52Aandthemoldingsurface62A. Notethat theupperlimit
of the press-molding time is not particularly limit ed.

[0081]

NotethatafterthestateillustratedinFI1G .9is established,
itispossibletocontinueapplyingapressuresuff icientlysmaller
than a press pressure applied to the first press mo Id 50 and the
second press mold 60, so that a state in which the guide surface
54Aandtheguidesurface64Aareincontactismai ntained,thereby
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of manufacturing a glass blank in the first embodiment and a polishing step of polishing the main
surface. [0109] First, scribing is performed on a glass blank produced by the method of
manufacturing a glass blank in the first embodiment. Scribing refers to providing cutting lines (line-like
flaws) like two concentric circles (an inner concentric circle and an outer concentric circle) with a
scriber made of cemented carbide or formed of diamond particles on a surface of a formed glass
blank, in order to process the formed glass blank into a ring shape having a predetermined size. Note

that a shear. mark rema'éng\%in he Ia?(ﬁ]blaﬁk IS Iogﬁlliz d inside the inner Cﬁnc[ﬁr}trifﬁcircle. The glass
blank haW&%%%%qﬁ Feon ' 5w e eiretes s partially heated, a 8 e portion of
the outergon ic G insi I inner concentric Gj r ved by virtue of
the difference%ie(r% ﬁ?ﬁa %?@#Q%ﬂ@r%%%%ﬁ%@%%ﬁdmg a disk-shaégé%%%{gg ﬁ%@hg a perfect

circle shape ANl EGeSHaRS ST EFTBYIbPE YR 19PsEEPortion of the inner gaRCRkEfircle

corresponds to the central hole-forming step of forming a central hole, and this processing contributes

to removipg ¢nesseak BssledOHKIE, cooiiMbeRestiteg processing is carried iylylhdaesqHghness of the
main surface of the glass blank is 1 pm or less, cutting lines can be suitably provided by using a

scriber. Naieaitbat, whittethashinherg ths rBighaermaiiihe main surface of theidlessdankexceeds 1
pm, a scriber does not follow the irregularities of the surface and it may become difficult to provide
cutting lifiestpreissmaiddtathdshesseoaktipreksnnadald Gisrface of the glasspiefiekablptadeesinooth, scribing
is performed. [0111]

out until the temperature of the thin flat glass 26
temperature equalto orlessthanthe deformation p
material forming the thin flat glass 26. Note that
pressureisincreased inthe above-mentioned state,
glass 26 breaks in some cases.

[0082]

Next, asillustrated in FIG. 10, the first press m
moved in the X2 direction and the second press mold
inthe X1 direction so thatthe first press mold 50
pressmold 60 are separated fromeach other, thereb
thinflatglass 26 fromthe moldingsurface 62A. S
illustrated in FIG. 11, the thin flat glass 26 is d
the molding surface 52A, and the thin flat glass 26
fall in the downward Y1 side in the vertical direct
be taken out. Note that when the thin flat glass 2
fromthemoldingsurface52A,thethinflatglass2
by applying aforce froman outer peripheral direct
flat glass 26 so asto peelit, orthe thinflat gl

be demolded by cooling with air the surface ofthe
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Next, the s cribed glas s undergoes shape processing. The shape processing includes chamfering
(chamfering of an outer peripheral end portion and an inner peripheral end portion ) . In the
chamfering, the outer peripheral end portion and inner peripheral end portion of the ring- shaped glass
are chamfered with a diamond grinding stone. [0112] Next, the disk-shaped glass undergoes end
surface polishing. In the end surface polishing, the inner peripheral side end surface and outer
peripheral s ide end surface of the di sk- shaped glas s undergo mirror finish by brush polishing. In this
ding fine f cerium oxide or the like as freg abrasive grains.

‘?’iseeé:lzeéﬁé% S%gj&?g%wé ?é%?l)%é@%&l%%%?ﬁ%ﬁﬁﬁ ﬁaused by attachment oP&%%iSézﬁ&?&e and impair

such as %%'T}ﬁ&% 8[1{@1@’?'[%?5 fﬁ({g%ﬁaqug%qg&%e@mghe glass. As a resultrrﬁﬁefﬂpgg%gn of ions of

sodium, potassium, a Ing corrosion can be prevented from occurring. Next, first

polishingyg cRpiethatiGnPBEnIEsIIERcEs RSl disk-shaped glass. TheRUERERG A Hi fir St

polishing is toremoveflaws and ‘strain remaining in the main surfaces. [0113] A machining

allowancggsing+ad hystsdisstmeligmohit fﬂé@@ﬂﬁlﬁg?@é’efm pm to about X0RAN B0 first
polishing step and the second polishing step described below, a double-side polishing apparatus is

used. TheginghledigerdRlistlingsappasatte isr@rapparatus for carryingteitdralishigredgh polishing
pads by relatively moving a disk-shaped glass and the polishing pads. [0114] The double-side
polishingodpiparainigimg suidace p @ hiagd- 624 dbttiog garéssiaving an internalgeseand a sun gear
which are each rotationally driven at a predetermined rotation rate and also includes an upper surface
plate and a lowdP88dhce plate which are rotationally driven in opposite directions to each other with
the polishing carrier fitting portion being sandwiched by both the plates. On each surface facing a
disk-shaped glaSieiihdhsHpup dlatatassidfe takaNowdissHBI® plate, the polishing p&#RdEscribed
below are attached. Each poll shing carrier fitted so as to be engaged with each of the internal gear

and the NGB APFERIHAECT PRAEERANERCHRENYE dhat is, revolves ardIBRPAREBEEGEAr while

spinning.

to be processed into a magnetic recording medium su bstrate, that
is,aglassblank. Furthertheglassblankiocall yincludesashear
mark attributed to the separation mark 24Ainthe v icinity of the
centralportionofitsmainsurface. Thus,aregio nincludingthe
shear mark can be removed by the central hole-formi ng processing
thatiscarriedoutatthetimeofmanufacturinga magneticrecording

medium substrate.

[0084]

Notethat, whenthe viscosity ofthe molten glass flow20is
lessthan500dPa -5, itmaybecomedifficulttoseparatethemolten
glass gob 24 in a necessary amountin a state in wh ich the molten
glass flow 20 is falling in the air. Thus, whenth e viscosity of
themoltenglassflow20islessthan500dPa - S,anecessaryamount
ofmoltenglassforobtainingthemoltenglassgob 24isaccumulated
by supporting the forward end portion 22 of the mol ten glass flow
20 below the glass outlet 12, and the molten glass gob 24 isthen
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[0115] The each polishing carrier holds a plurality of disk-shaped glasses. The upper surface
plate i s movable in the verti cal direction and presses each polishing pad onto the front and back main
surfaces of each disk-shaped glass. Then, while a slurry (polishing liquid) containing polishing
abrasive grains (polishing material) is being supplied, the disk-shaped glass andthe polishingpadmove
relatively owning to the planetary gear motion of the polishing carrier and the phenomenon that the
upper surface plate and the lower surface plate rotate in opposite directions to each other. As a result,

he f d backmain surf f each di sk- shaped gl Il sheg . hat, in the fi
polishing e A Rard 6L TSI SO SERBTE o as th polishind SRR AIm ovide

abrasivetgr 'gﬁ?ré%rgqg%ﬁggﬂ?egﬁ@%%s%]%ﬂ)ggqmgtrl‘qaterial. [0116] el}lr?éﬂew ﬂ'@oshaped

glass after t ng is su 0 chemical strengthening. It is possible to uSe, as a molten

salt that Eo‘ﬂﬁ@&' fonbs ehericrl é@'ﬁt’FSFB%m'E‘@ faripxagple, a mixed molten SFHFI&R/EBtB? S ium nitrate

(6 0mas s % ) and s odium nitrate (4 0 mas s % ) . In the chemical strengthening, the molten salt is

heated t@aﬂﬂﬁ@éﬁﬁ@'ﬁ&@%@s@%’ﬂ]%ﬁ&lﬁé@@%ﬁhﬁ'”ke glass is pre-hapjasbigieegxample,
200C to 300C and then immersed in the molten salt for, for example, 3 hours to 4 hours. The
immersiamigepre bl petfontasisepdendsiateir Mictageplurality of disk-skapechgasiags are
contained in a holder so as to be held by their end surfaces so that both main surfaces of each of the
disk-shapedatass2a entinelymoldeg s wtiecei &l Atrengthening. [0117] Each disk-shaped glass is
immersed in the molten salt, as described above, and as a result, lithium ions and sodium ions in the
surface layers of@A8alisk-shaped glass are substituted by sodium

By subjecting the molten glass gob 24 that is fall ing to
press-molding, the viscosity distribution of the mo ltenglassgob
24justbeforethe startofthe press-moldingis ma de uniform, and
the molten glass gob 24 can be stretched more easil ysoastohave
auniform,smallthickness. Whentheinnerdiamete rofthecentral
hole formed in the magnetic recording medium substr ate is small,
the size of ashear mark formed inthe glass blank ismade smaller
sothatthe shearmarkislocatedintherangeinw hichthecentral

hole of the glass blank is formed.

[0086]

Inthis case, itis effective that the cross secti on of the
vicinity of the forward end portion 22 of the molte n glass flow
20alongtheplaneperpendiculartothedirectiont owhichthemolten
glass flow 20 falls has a substantially elliptical shape with a
majoraxisandaminoraxis.lnabove-mentionedcas e,theseparation
oftheforwardendportion22ofthemoltenglassf low20iscarried
outasfollows. Thatis, apairof shearbladesis penetratedinto
the molten glass flow 20 from directions opposite t o each other,
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ions and potassium ions each having a relatively large ion radius in the molten salt, respectively,
forming a compressive stress layer with a thickness of about 50 to 200 pm. Thus, the disk-shaped
glass is strengthened and is provided with good impact resistance. Note that the glass having
undergone chemical strengthening treatment is cleaned. For example, the glass is cleaned with
sulfuric acid and then cleaned with pure water, isopropyl alcohol (IPA), or the like. [0118] Next,
the disk-shaped glass which has undergone chemical strengthening and has been cleaned sufficiently

i bj d d polishing. A hini I d by th d polishing is, f
xample T e Bl BRI ieing s to finish RSl HPARGA ke mirror
surfacesapé %é&%@lﬁ@#ﬁﬁ%@ﬁ?ﬁ%h%edﬂlééﬁﬁfﬁ% lass is polished by u rﬂ8H8’?'S'de

polishing apparatus as | polishing step, but the composition of polishing abrasive grains

containe@ﬁggmﬂ%@g”gc&”g YA RRisIS&f-Fh g composition of a p@@@ggm@e different

from those in the first one. In the second polishing step, there are used polishing abrasive grains each

having ajfill i HEBRis trBeR s Ot e Pelistingpaehcempared with those in i {jisipglishing step.
For example, in the second polishing step, a soft foamed resin polisher, for example, is used as the

polishingapg@fendeiinengpokormodtiadiasite@ gieadss than the cerium oXeleZhSsee giiags used in the
first polishing step or colloidal silica, for example, is used as the polishingmaterial. The disk-shaped
glass polikbénhivatioke sd pontopd Bbitiee steites glasafmaaned. In the cleanirf) asulestabddtergent, pure
water, or IPA is used. [0119] The second polishing yields a glass substrate for a magnetic disk
having, fabexaw@ienakiztheshganmarkanmadenfla {his oasess and a roughneseviemfairesurface of 0.2
nm or less. After that, various layers such as a magnetic layer are formed on the glass substrate for a
magnetid ik chaanetenineacarkakhnkistastatedh 3R o] ear mark can

be localized in the range in which the central hole
blankisformed. Note that,inordertomakethec
thevicinity oftheforwardendportion22 ofthem
20haveasubstantially elliptical shape, itispos

for example, a method involving making the aperture
glass outlet 12 elongated and a method involving mo
cross-sectionalshapesoastobeelongatedbysand
glassflow 20 fromits both sides along the directi
molten glass flow 20 falls. Further, as atechniqu
shearmarksmaller,amethodinvolving cuttingamo
byusingapairofshearbladesinwhicheachblade

and has a V shape or a U shape is also effective.
asexemplifiedinFIG.2,theseparationofthefor

22 of the molten glass flow 20 is carried out by ca
of the shear blades 30 and 40 to penetrate into the

flow 20 from directions opposite to each other, the

crossing the vertical direction and being substanti
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Note that the chemical strengthening step is carried out between the first polishing step and the
second polishing step, and the order of these steps is not limited to this order. As long as the second
polishing step is carried out after the first polishing step, the chemical strengthening step can be
arbitrarily arranged. For example, the order of a) the first polishing step, b) the second polishing step,
and c ) the chemical strengthening step (hereinafter, referred to as "routing 1" in some cases) will do.
Note that if the routing 1 is adopted, surface irregularities that may be produced by the chemical
strengthening st re not removed, and hence maore preferred is the routing in which he first
polishingpﬁg%%ﬁ%iaéﬁ%#%grﬁ? '98(#1% ?ﬁ'&r}ﬁgs,rgﬂlcfea the second polishi %?gptf% :%C(Sarried outin
the state{da%der. [0121] [Method of manufacturing magnetic recording medium] A method of
manufacturing a magnetic recording medium in the first embodiment is characterized in that a magneti
c recording medr'gggiﬁ produced by at least going through a magnetic recording layer-forming step of
forming a magnetic recording layer on a magnetic recording medium substrate manufactured by the

method of manufagtHEPeh2 SRAHIeHE SREaFANgKIRAIEMSWestrate in the first empagigiahid0122]
On the main surface of a magnetic recording medium substrate (glass substrate for a magnetic disk)

manufacihcegdy dnthetiwd Bfovdaptaniinimnorathreagnetipsecording mediumphiisireiggththe first
embodiment, layers such as a magnetic layer are formed, thereby manufacturing a magnetic recording
medium sithsiyédeq@uthetdi2e thstisinrfeopenphgokd|drom the main surfacersytleodihibglssbstrate, an
adherent layer, a soft magnetic layer, a non-magnetic undercoat layer, a vertical magnetic recording
layer, a rotetth2 irgreases] hubicaot lhgshe®r lnalkaatsd sequentially . Theadhereasgager, in which,
for example, a Cr alloy is used, functions as an adhesion layer with a glas s substrate. In the s oft
magneti@R§RsthsieippIehs @beaateihesiaseauin the non-magneticlBHIe6ERAESSEY, for example,
a non-magnetic granular layer is used. In the vertical magnetic recording layer, for example, a

magnetidRF SRS HFehea e kalsRErciease Hrdtddtive layer, a material MAREBIHY@ Syen carbon is

used, antci'\ienstlgg(#t r(iecs%né[a{zr%%rr’ljgrrngl %rrr'gﬁjaerithediamete rofthecentral
hole,itisrecommendedto make the inner periphera llength ofthe
glass outlet 12 smaller, that is, make the inner di ameter of the
glass outlet 12 smaller, as long as the outflow amo unt per unit
time of the molten glass flow 20 is controlled to a predetermined
amount. Forexample,ifanoutflowingmoltenglass hasaviscosity
of 700 dPa -sand the inner peripheral length of the glass outl et
12issetto47 mm(whichcorrespondstoaninnerd lameterofabout
15 mm when the glass outlet 12 has a circular shape ), the outflow
amountperunittimeofthemoltenglassflow20be comes500g/minute
(which corresponds to 50 glass blanks) and the size of the shear
mark becomes 18 mm, and hence the size of the shear mark can be
made smaller than 20 mm, whichis the diameter of t he central hole
of a magnetic recording medium substrate with a 2.5 inch size.
Further, if the viscosity of the outflowing molten glass flow 20
iskeptattheabove-mentionedvalueandtheinner peripherallength
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a fluorine-based resin is used. [0123] More specifically, an inline-type sputtering apparatus is
used to form sequentially, on both main surfaces of a glass substrate, a Crli adherent layer, a
ColaZr/Ru/ColaZr soft magnetic layer, a CoCrSi02 non-magnetic granular undercoat layer, a
CoCrPt-Si02-1102 magnetic granular layer, and a hydrogenated carbon protective layer. Besides, a
perfluoropolyether lubricant layer is formed on the formed uppermost layer by a dip method, yielding a
magnetic recording medium (magnetic disk). [0124] <Second embodiment> [Method of manufacturing

glass blacr)w

he glass outlet 12 is set to 41 mm (which corre sponds to an

inner diameter of about 13 mm), the outflow amount

ofthemoltenglassflow20becomes350g/minute(w

to 35 glass blanks) and the size of the shear mark

and hence the size of the shear mark can be made sm

mmwhichisthediameterotthecentraholeotth

mediumsubstratewitha2.5inchsize. Asdescribe

oftheshearmarkcanbecontrolledsoastofallw

of the central hole of the magnetic recording mediu
[0088]
FIG.12isaschematiccross-sectionalviewillust

example of separation of a forward end portion of a

flonusinggpairoshearblades. Here FIG11i

illustrating the case where the cross section (hori

section) of the molten glass flow 20 along a plane

tothecentralaxisDinFIG.1lhasasubstantially

Here,inthefigure, an alternate long and shortda

thedirectionthatagreeswiththemajoraxisdirec

glass flow 20 having an elliptical shape as the hor

section, and is parallel to the arrow X1 direction

X2direction. IntheexampleillustratedinFIG.1

shear blades 30 and 40 is penetrated into the molte

20fromdirectionsoppositetoeachother,thedire

the vertical direction (central axis D), being perp

the direction (central axis D) to which the molten
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Amethod of manufacturing a glas s blank in the second embodiment includes separating a molten
glass gob from a molten glass flow flowing out from a glass outlet and press-molding the molten glass
gob into a thin flat glass by us ing pre s s molds , thereby manufacturing a glass blank to be processed
into a magnetic recording medium substrate having a central hole, in which the molten glass gob is
separated and falls, and the molten glass gob in the air is pressed with press-molding surfaces facing
each other, thereby molding the molten glass gob into the thin flat glass, and the direction of the

I is ch . hat the si hich th [ I ' f h
motton ol 08 AONP S0 GHE T e SR R Kiaces. ollowe by WL BN GPIE presaing. [0125]
The met@gs fégg%%k”%ﬁé&%ﬁmgg%wé%&&g%?gembodlment is he_r%ﬂqgt ggéarlbed with

reference to t INgs. rates how a molten glass flow 2 flowing out from a glass outlet

opening B&%Wh%ﬂgﬁé?sﬂﬁ%%@@@ﬁrmﬂ@ % {alisdpihe air. The molten glagsdipw g cut by

causing the tips of a pair of shear blades 3-1 and 3-2 to cross each other, thereby shearing glass. The
lower suifgce ghdnaigeannhtade ﬁﬂﬁ@;@m@@ﬁ@ 3-1-a for applying a torque for turning to a molten
glass gob by pushing its upper portion from the horizontal direction. The length in the horizontal
direction of the [pogjggtion 3-1-a is adjustable. The viscosity of outflowing molten glass is controlled by
adjusting the temperature of the glass effluent pipe 1 so as to be kept constant in the range of 500
dPa-s to 1,050 dRRpassfaakisproddé&inditiliusigiteszimegbpearance of the mordeatiprestting a lower
portion of the molten glass flow 2 by causing the tips of the shear blades 3-1 and 3-2 to cross each
other so iheorethodefonanafgapiringagtassbleakitiiiea molten glass gofirgterhieqstivjestion 3-1-a
applies a torgue for turning the molten glass gob 4 clockwise by pushing an upper portion of the
molten g RRICE A ERIED G ZriIdiRSal thickBERREID after the separatiiion @eddolten glass

gob 4. Note that it may also be possible to adopt a structure that the projection 3-1-a is separated from

the sheaPMaldaprptheadLpsraasp RYEREH 3N PRliks a torque for turning8HBIRWAIRSS glass gob 4
b hi ti ft Iten gl b 4 in the hori tal direction, th
oten ARG LR HERSCRRE B SrG LBHEbbrton of the motten SRS BN e

horizonte) e g 0N VRS R B FAYAGRI Qe shear blade 3-1. {127},

10 umorless, more preferably 8 umorless, stillmore preferably
6 um or less, particularly preferably 4 um or less.

[0090]

The method of manufacturing a glass blank in the f irst
embodiment s suitable for producing a glass blank having aratio
ofdiametertothickness(diameter/thickness)of50 t0150. Here,
the diameterreferstoanarithmetic average ofthe major axisand
minor axis of the glass blank. The press molds 50 and 60 do not
regulate the outer peripheral end surface of the gl ass blank, and
hence the outer peripheral end surface is a free su rface. Here,
thecircularityotheglassblankhatisoroduced isnofparticularly
limited, but is preferably controlled to within *O0. 5 mm.

[0091]

Thediameterofthe glassblankisnotparticularl ylimited.
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FIG. 15 illustrates how the separated molten glass is falling while turning clockwise. When the molten
glass gob 4 is cut and separated, a so-called shear mark 4-a is produced at the peak portion of the
molten glass gob 4 by the shear blades, and the shear mark 4-a turns in the horizontal direction
simultaneously with the turn of the molten glass gob 4. [0128] FIG. 16 illustrates a vertical cross
section of press molds 5 and 6. The press mold 5 includes, for example, a press mold body 5-1 having
a press-molding surface 5-1-a and guide members 5-2, which are fitted around the press mold body

5-1 and d for determining the dist t th -moldi f by gbutting th
oress mOTS B TRGY D EIE AN BUTO O LA Bes.molding surtaces RMAKS B B Hhcknese of a
thin flat ' : : ' iding th I -L.when th
orcss moll B e s R e e L7 e thim ot Ghont (OL9GPH i prefere
to use a fEH ARV EHNHREASBRIENGE{PHLRLBIRGARE Press mold in viey, Kdhsaf sEgisipnce.

workability, and durability. In particular, a metal or alloy having a heat resistant temperature of 1, 000C

or more, ety hARRGRCaIEINIERH St dYIAsSsHIR S s mold | s moreprisibedssaecific
example s of the material preferably include ferrum casting ductile (FCD), alloy tool steel (such as

SKD61),ihighaspagestieeb@dtingoemeiniedoadides CRirmesey, and Stellite. ribed below.
[0092]
Thethicknessoftheglassblankfalls preferably withinthe

range of 0.75to 1.1 mm, more preferably within the range of 0.75

to 1.0 mm. Itisrecommended to measure the thickn
deviation, flatness, diameter, and circularity of t
by using a three-dimensional measuring machine and

[0093]

Itis recommended that the composition of glass to
be appropriately selected depending on the properti
required for a magnetic recording medium substrate.
the glass include alumino silicate glass, soda lime
aluminosilicate glass, andaluminoborosilicate gl
thesekindsofglassmaybecrystallizedglass,whi
by heat treatment, and can be crystallized by heat
then processed into a magnetic recording medium sub

[0094]

Glassusedforamagneticrecordingmediumsubstra
utilizedforproducingamagneticrecordingmedium
diskdesirablyhaschemicaldurability, largerigid

thermalexpansion coefficient. Further,whenimpor
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[0130] The main surface of the glass blank is molded by transcribing the press-molding surface to
glass, and hence the surface roughness of the press-molding surface and the surface roughness of
the main surface of the glas s blank become subs tantially the same. The surface roughness of the
main surface of the glass blank is desirably controlled to the range of 0.01 to 10 pm in view of
performing the scribe processing and grinding processing using a diamond sheet which are described
below, and hence the surface roughness of the press-molding surface is also preferably controlled to
the range of 0.01 to 10, ss mold 6 includes, for example ess mold body

o1 neitd 3 LR R At B R s 62 whioh ave S LRRd e press
mold bo%ﬁéﬁ%ﬂﬁgﬁggi{g}@?ﬁ@ﬂgﬁg@&%ﬂ%gge between the prqgﬁ}%ﬂ I[gllglgi@lrfaces by

abutting sot etween the press-molding surfaces is equal to the

thickness, afithciHfy fiatealss 4l i S Rl Resisaigitien and used for gydipe e quess mold body

6-1 when the press mold body 6-1 is caused to attach to the main surface of the thin flat glass. [0132]

In FIG. 16 Shedualimairement i éalaingiletinnaatgdbs space between thgdaipsg @olds 5 and 6

in forward driving to press the molten glass gob 4.

have a composition that is suitable for exhibiting good heat
resistance.

[0095]

Itispossibletogive,asglasshavingchemicald urability,
large rigidity, and a high thermal expansion coeffi cient, glass
which contains, in terms of oxides expressed in mol %:

1) 50 to 75% of SiO 2;

2) 0 to 15% of Al 20s;

3) 3to 35% in total of at least one kind of metal oxide selected
fromLi .0, Na 0, and K >0;

4) 0 to 35% in total of at least one kind of metal oxide selected
from MgO, CaO, SrO, BaO, and ZnO; and

5) 0to 15% in total of at least one kind of metal oxide selected

from ZrO 5, TiO », La 205, Y 205 Ta 2G5, Nb 2G5, and HFO 5.

[0096]

Note thatitis desirable to add Sn oxide and Ce o xide ata
total contentin terms of outer percentage inther ange of 0.1to
3.5mass%inordertoimprove bubbleremovalatthe time offining.
Inthiscase,themassratioofthecontentofSno xidetothetotal
contentofSnoxideandCeoxide(massofSnoxide/ (massofSnoxide
+massofCeoxide))is0.01t00.99. Hereinafter, unlessotherwise
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[0133] FIG. 17 illustrates the moment at which the press-molding surfaces 5-1-a and 6-1-a start
pressing the molten glass gob 4. Here, the shear mark 4-a first comes into contact with the
press-molding surface 6-1-a. In order to realize this state, adjusted are the magnitude of a torque for
turning the molten glass gob 4 and the falling distance of the molten glass gob 4. The falling distance
is controlled to preferably 1, 000mm or less, more preferably 500 mm or less, still more preferably 300
mm or less, yet still more preferably 200 mm or less, in order to prevent the phenomenon that the

viscosity of th en ses, deviating from the viscosity range suitable for
press- m&@?r% gﬁldh ‘S%Q‘? f ?1 Mﬁ%%%hat the falling speed%@%%e t?oacﬁlgh

fluctuatlrg@%%tmml ega qg [Q&f?“égﬂts of $n%)5 Hﬁace of the molte X Sqﬁ(?eog gomes into

contact with the press- mo |ng sur aces, the surface of the molten glass gob i So as to
attach toégﬁrgg%%ﬁmqlﬁggg%grfaces. When the pressing is further performed, the glass is pressed and
spread so as to have a uniform thickness around the positions at which the molten glass gob and the
molding surface I’]]come into contact, thereby forming the glass into a thin flat glass having a disk
shape or a disk-like shape. [0135] FIG. 18 illustrates how the glass is pressed and spread in the
above-mentionegdiQressungcArece s hensine &6 misvik iagchi i assgidaing, portion first come jgto contact
with the press-molding surface 6-1-a and are solidified so as to attach to the molding surface 6-1-a,
and henantissaftedrongéraent itstoeicidimssogguomimn remain in the sudeegadsiakibiytral portion of
the thin flat glass.

andchemicaldurability,inparticular,acidresist ance. Whenthe
contenofSiO Jdessthan50% theabove-mentionedfunctionsca nnot
be sufficiently provided. When the content of SiO 2 exceeds 75%,
undissolved substances may occur in the glass or bu bble removal
may become insufficient because the viscosity of th eglassatthe
time of fining becomes too high. Thus, the content of SIO 5 is

preferably 50 to 75%.

[0098]

Al Gz alsocontributestoforming aglass network, funct ions
soastoimproveglass stabilityand chemicaldurab ility,andalso
functions so as to increase an ion exchange rate at the time of
chemicalstrengthening. WhenthecontentofAl 2Osexceeds15%,the
meltability of the glass lowers and undissolved sub stances may be
liable to occur. Moreover, the thermal expansionc oefficient may
lowerandtheYoung'smodulusmaylower. Thus,the contentofAl 2Oz

is preferably 0 to 15%.
[0099]
Li ,ONa ,0anK ,0Ceachfunctionscagamprovethemeltability

and moldability of the glass, and also function so astoincrease
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[0136] FIG. 19 illustrates a state in which the distance between the press-molding surface 5-1-a
and the press-molding surface 6-1-a is matched to a distance corresponding to the thickness of the
glass blank by causing an abutting surface 5-1-a of the guide member 5-1 and an abutting surface
6-1-a of the guide member 6-1 to abut each other. The abutting between the abutting surface 5-1-a
and the abutting surface 6-1-a also functions to maintain the parallel state between the press-molding
surface 5-1-a and the press-molding surface 6-1-a. The time taken from the start of pre s s ing

|IIustrategp EIG 1Z until the mold I05| r{ str ted |WIG 19 is preferably controllec{ t0.0.1 second
or less fo ﬁw %6‘[—‘6‘ gXpoq‘%%]lﬁget g'ﬁﬂ) %Sab Rtoathln flat glass. tg q];| FIG. 20, a

pressure tﬁqt is é%g@ét%@@ll&\é&gg Rro%/ss& égaﬁr?g/{éﬁgagq@l% Paﬁce Ss mold bodies 5-1 and

6-1 under a state in w tlng surface 5 utting sur 1 -a abut each other so

that the pressRIllRGRUEARESRokiaRNPrb AL BARIRIoSely attached to e maje spiace of the

thin flat glass. If the press pressure is increased while this state is being kept, glass may break. While

this statecﬁetpﬁmqugﬁﬁw@mgggf&%{amﬁat glass is cooled. [O%belov%f?éﬁ as illustrated

in FIG. 21, the press molds 5 and 6 are detached from each other to demold a thin flat glass 4-B from

the pressyiaédingrmifaegofitl-of theeassaptiatetvieré|G. 22, the thin flat glasarthBri:ademolded
from the press-molding surface 5-1-a and is taken out. When the thin flat glass 4-B is demolded from

thepressglasisiiransitidaterbpbratifftdradiivellatvglass theBab demolded as if pglelngringiieqiplying a force
from an outer peripheral direction of the thin flat glass, the thin flat glass 4-B can be taken out from the
press-mdrfigiasintaas withoAcapislingly athe gontecd e tie thin flat glass. [0139), Na .0, and

K2O is preferably 3 to 35%, more preferably 5 to 35%. It should
benotedthat,outofLi 2ONa ,0andK ,0Li ,Ohasthegreatestfunction

of lowering a glass transition temperature.

[0100]

MgO, CaO, SrO, BaO, and ZnO each function so as to improve
the meltability, moldability, and Young's modulus o f the glass,
andalsofunctionsoastoincreasethethermalexp ansioncoefficient
and Young'smodulusofthe glass. However,whenth etotalcontent
of MgO, CaO, SrO, BaO, and ZnO exceeds 35%, chemica | durability
orthethermalstabilityoftheglassmaybelowere d. Accordingly,
the total content of MgO, CaO, SrO, BaO, and ZnO is preferably O
to 35%.

[0101]

ZrO ,, TiO », La 2G5, Y 205 Ta 2G5, Nb 2G5, and HFO 5 each function

so as to improve chemical durability, in particular , alkali
resistance,improveheatresistancebyenhancinga glasstransition
temperature,andenhanceaYoung'smodulusandfrac turetoughness.
However, when the total content of ZrO 2, TIO 2, La 205, Y 2G5, Ta 20,
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The thin flat glass taken out is subjected to annealing to reduce or remove strain, thereby providing a
base material to be processed into a magnetic recording medium substrate, that is, a glass blank. The
glass blank locally includes a shear mark in the center of its main surface. Thus, a region including the
shear mark can be removed by the central hole-forming step at the time of manufacturing a substrate.
[0140] Note that, when the viscosity of molten glass is less than 500 dPa-s, it becomes difficult to
separate the molten glass gob in a necessary amount in a state in which a molten glass flow is falling

in the ai th t I havi ' ity of.l han 500 dPa-s at the ti f outflow i
vt 1 1 FEEE AR (ot KRSLReAa Ao BN oA R T BRaining the molten glass
bb t ' t It lass flow bel tlet, th
olton g B e e t b 5 SRR & o for

turning, %Q%B'@é%@gﬁ%éFafﬁ%?{ﬁ%rtmﬁl P8sitARJILR shear mark is adjustqu'qq@ag 'thg shear mark

faces one of the press-molding surfaces. [0141] By subjecting the molten glass gob that'is falling
to press-meiding, the,vieeosity, disldipipn ofidhe sraiiaymabees K8 just before the start of the
press-molding is made uniform, and the glass can be stretched more easily so as to have a uniform,
small thickness.[@dlo2 the inner diameter of the central hole formed in the substrate is small, the size
of the shear mark is made smaller so that the shear mark is located in the range in which the central
hole is formed. [Cb42)osition ranges included in the above-mentioned

compositionrangearegivenbelow. Notethatthec ontentandtotal
contentofglasscomponentsareexpressedinmol%, unlessotherwise
specified.

[0103]

First glass, in which importance is given to effic iency of

chemical strengthening, has a composition range of

1) the content of SiO 2: 60 to 75%,
2) the content of Al 205 310 12%,
3) the total content of at least one kind of metal oxide selected

fromLi .0, Na ,0, and K ,0: 20 to 35% (preferably 20 to 30%),
4) the total content of at least one kind of metal oxide selected
from MgO, CaO, SrO, BaO, and ZnO: 0 to 5%, and
5) the total content of at least one kind of metal oxide selected
fromZrO ,, TIO j,La 205Y 205, Yb 2G5, Ta 2&,Nb 2G5, andHfO  ,:0to 7%.
[0104]
Second glass, in which importance is given to chem ical
durability, has a composition range of
1) the content of SiO 2. 60 to 75%,

2) the content of Al 2050 1 to 15%,
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Specifically, the cross-sectional shape of a falling molten glass flow i s controlled s o that the molten
glas s flow has an elongated shape in the horizontal cross section, that is, has across-sectional shape
with a major axis and a minor axis. For example, the cross-sectional shape of the molten glass flow is
made elongated by modifying the shape of the glass outlet to an elongated one, or the cross-sectional
shape is made elongated by sandwiching the sides of the molten glass flow from two directions
opposite to each other. Then, the molten glass flow is cut in the maj or axis direction by using shear

blades. use, the molten glass flow is sheargd in_the major axis direction, the shear mark can be

made sm I?Eﬁiﬂ%lsc,o \%H iﬂﬁ%?jec%ss?é) g\% Re%er% diameter of the centrglxll'](g(?esg‘iegtg strate is

small, th ear m n lized i reaoin which the central hole is formed. As a technique
TR SR e e e

for making a sheaf m r,am Involving cutting a molten glass flow by causing a pair of

shear blagegdRpd)ieB fefing Dadest 6REkNAYS metghape or a U shape to gpgs eaplbpiper is also

effective. [0143] According to the method described above, there can be produced a glass blank

having afiekIRRS dexbliondf BAomAE i2adandadiangsg of 10 pm or less. The preferred range of
the flatness of the glass blank is 8 pm or less, the more preferred range is 6 pm or less, and the still

more pref@rrodedl@Ditehpon aiéess dfd ##d of méhke method of manufactusxide@rssddank in the
second embodiment is suitable for producing a glass blank having a ratio of diameter to thickness
(diametefvtimckn@ss),arie0 tg 1L80.,0¢r¥, i, dvdmebsr TefepioNiD aHhmeddid@eragelof ke major axis
and minor axis of the glass blank. The press molds do not regulate the outer peripheral surface of the
glass blad¥g Errefiecaioly hé tuRYpanpecpattarghbelidaIfég surface, and the circularity of the glass
blank that is molded is within 0.5 mm. [0145] The diameter of the glass blank is not particularly
limited. The diarf&k8pls preferably set, as a target value, toavalueobtained by adding, to the diameter
of the substrate,_the amount of glass that is removed at the time of scribe processing and outer

peripheral proce58IFBIRSRAMBIERIMRPEGNGR SYHRNIRIEEINank is processed intBEdhagnetic

recording?1 medium substrate, as de?cribed below.
as a composition range o

1) the content of SiO 2: 50 to 70%,
2) the content of Al 20;: 1 to 8%,
3) the total content of at least one kind of metal oxide selected

fromLi .0, Na 0, and K ,0: 12 to 22%,
4) the total content of at least one kind of metal oxide selected
from MgO, CaO, SrO, BaO, and ZnO: 10 to 20%, and
5) the total content of at least one kind of metal oxide selected
fromZrO ,,TiIO 3 La 205Y 205,Yb 205, Ta 2G,Nb 2G,andHfO  ,:3t010%.
[0106]
Fourth glass, in which importance is given to high heat

resistance, has a composition range of

1) the content of SiO 2. 50 to 70%,
2) the content of Al 2050 1 to 10%,
3) the total content of at least one kind of metal oxide selected

fromLi .0, Na ,0, and K ,0:5to 17% (provided that the content of

68



[0146] The thickness of the glass blank falls within the range of 0.75 to 1.1 mm, preferably within
the range of 0.75 to 1.0 mm, more preferably within the range of 0.90 to 0.92 mm. It is recommended
to measure the thickness, thickness deviation, flatness, diameter, and circularity of the glass blank by
using a three-dimensional measuring machine and a micrometer. [0147] It is recommended that
the composition of glass to be used be appropriately selected depending on the properties that are
required for a magnetic recording medium substrate. Examples of the glass include alumino silicate

glass, soda lime glass, soda alumipo silicate glass, and alumino borosilicate glass. Further, these
kinds of @'a%@n a%ﬁ%%(;ﬁ)/spfﬂﬁ?%%b&é)s@ , WHich is crystallized by heat treatment, and can be
crystallizg g%@gf&gﬁﬁgﬁl@&t rpéjag} R1968 émp a substrate. [0148] for a

o . Xi .
substrate g}pa magnetic recorgeling mgcgl]um such as amagnetic disk deswabl%as chemical durability,

large rigigityy ’ @Q@fw@%S@%%@WBQS%{r%1 when importance is given to

enhancing bending strength, the glass is required to have a composition that is suitable for undergoing

chemicalg;%g;tw@me@ﬁgﬁﬁh@agﬂghg%ﬁgqjm@aheat treatment is carriqgkRid dajaRERLess of
producing a magnetic recording medium, the glass is desired to have a composition that is suitable for

exhibitingrgeatOeat, |MeIStaee. ,0s,Y .0, Yb 205, Ta 2G5,Nb 2G5, andHfO  ,:1t012%.

[0107]
Fifth glass, in which importance is given to high heat
resistance, large rigidity, and high thermal expans ion, has a

composition range of

1) the content of SiO 2. 50 to 75%,
2) the content of Al 20s: 0 to 5%,
3) the total content of at least one kind of metal oxide selected

fromLi .0, Na ,0, and K ,0: 3 to 15% (provided that the content of

Li ,Ois 0 to 1%),

4) the total content of at least one kind of metal oxide selected
from MgO, CaO, SrO, BaO, and ZnO: 14 to 35%, and

5) the total content of at least one kind of metal oxide selected

fromZrO ,, TiO , La 205 Y 205, Yb 205, Ta 2G5,Nb 2G5, andHfO 5 : 210 9%.

[0108]
[Method of manufacturing magnetic recording medium substrate]
Amethodoimanufacturinggamagnetiaecordingmed iumsubstrate
inthefirstembodimentischaracterizedinthata magneticrecording
medium substrate is produced by at least going thro ugh a central
hole-forming step offormingacentralholeinthe centralportion
of the main surface of a glass blank manufactured b y the method
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[0149] It is possible to give, as glass having chemical durability, large rigidity, and a high thermal
expansion coefficient, glass which contains, in terms of oxides expressed in mol%: 50 to 75% of SiOs;
0 to 15% of Al203; 3 to 35% in total of Li20, Na20, and K20; 0 to 35% in total of MgO, CaO, Sr0, BaO,
and Zn0; and 0 to 15% in total of Zr02, 1102, La203, Y203, 1a205, Nb205, and Hf02.

ofmanufacturingaglassblankinthefirstembodim entandapolishing

step of polishing the main surface.

[0109]

First,scribingisperformedonaglassblankprod ucedbythe
method of manufacturing a glass blank in the first embodiment.
Scribing refersto providing cutting lines (line-li ke flaws) like
two concentric circles (an inner concentric circle and an outer
concentriccircle)withascribermadeofcemented carbideorformed
ofdiamondparticlesonasurface ofaformedglass blank,inorder
to process the formed glass blank into a ring shape having a
predeterminedsize. Notethatashearmarkremaini ngintheglass
blankislocalized inside the inner concentric circ le. Theglass
blankhavingscribedthereonthetwoconcentriccir clesispartially
heated, andthe outside portionofthe outerconcen triccircleand
the inside portion of the inner concentric circle a re removed by
virtue of the difference in thermal expansion of gl ass, thereby
yielding a disk-shaped glass having a perfect circl e shape and a
ringshape. Theremovaloftheinsideportionott heinnerconcentric
circle corresponds to the central hole-forming step of forming a
centralhole,andthisprocessingcontributestore movingtheshear
mark.

[0110]

When scribe processing is carried out, if the roug hness of
the main surface ofthe glass blankis 1 umorless, cuttinglines
canbesuitablyprovidedbyusingascriber. Note that,inthecase
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[0150] Note that it is desirable to add Sn oxide and Ce oxide at a total content in terms of outer
percentage of 0.1 to 3.5 mass% in order to improve bubble removal at the time of fining. In this case,
the mass ratio of the content of Sn oxide to the total content of Sn oxide and Ce oxide (mass of Sn
oxide/ (mass of Sn oxide + mass of Ce oxide)) is 0.01 to 0.99. Hereinafter, unless otherwise specified,
the content and total content of glass components are expressed in mol%, but the contents of Sn
oxide and Ce oxide are expressed in mass%. [0151] 5i02, which is a component for forming a

glass network, is an e § sential component that functions so as to improve s, stability, and chemical
durabiiy BT ST ol QIR HIEAC 8 TRRR orSi02is less thar LRk creds

above-mentignerlnpeusEaRBEHA SYiciscll Arpudeg. When the content of g2 ggegds 75%

undissolveéil substances occurs In the glass orubble removal becomes insufficient because the

viscosityé}{ama,gaggéxgén?etmﬁ&jﬁimrtgmg@regﬁj;;%onlaigh. Thus, the contentghﬁiﬂ%ﬁyreferably 50

to 75%. [0152] Al202 also contributes to forming a glass network, functions so as to improve
glass stajjlthyPpgsehemigaldlnaiiityuAReabiaidngiagHso as to increase an jgRiExchaigge rate at the
time of chemical strengthening. When the content of Al202 exceeds 15%, the meltability of the glass
lowers arehuoeh Sseiibviegl isubesternaed are liable to occur. Moreover, the thermal expansion coefficient
may lowers and the Young's modulus also lowers. Thus, the content of Al202 is preferably 0 to 15%.

[0111]

Nextthescribedglassundergoesshapeprocessing . Theshape
processingincludes chamfering (chamferingofanou terperipheral
endportionandaninnerperipheralendportion). Inthechamfering,
the outer peripheral end portion and inner peripher alend portion
ofthering-shapedglassarechamferedwithadiamo ndgrindingstone.

[0112]

Next,thedisk-shapedglassundergoesendsurface polishing.
Intheendsurfacepolishing,theinnerperipheral sideendsurface
andoutemeripherakideendsurfaceofthedisk-s hapedglassundergo
mirror finish by brush polishing. In this case, th ereisuseda
slurryincludingfine particlesofceriumoxideor thelikeasfree
abrasivegrains. The endsurface polishingremoves contamination
caused by attachment of dust or the like and impair suchasdamage
or flaws on or in the end surfaces of the glass. A S a result,
precipitation of ions of sodium, potassium, and the like causing
corrosion can be prevented from occurring. Next, f irstpolishing
is carried outonthe main surfaces ofthe disk-sha pedglass. The
purposeofthefirstpolishingistoremoveflawsa ndstrainremaining

in the main surfaces.
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[0153] Li20, Na20, and K20 each function so as to improve the meltability and moldability of the
glass, and also function so as to increase the thermal expansion coefficient of the glass. When the
content of Li20, Na20, and K20 is less than 3%, the above-mentioned functions are not sufficiently
provided. When the content exceeds 35%, chemical durability, in particular, acid resistance is lowered,
or the thermal stability of the glass is lowered. Further, a glass transition temperature is lowered,
thereby lowering heat resistance as well. Accordingly, the content of Li20, Na20, and K20 s preferably
3 to 35%, morerfgﬂ%r bly 5 to 35%. It should be noted that, out of Li20, Na20, and K20, Li20 has the
greatest functio ering a glass transition temperature. [0154] MgO, CaO, Sr0, BaO, and

ZnO each functig\%%ﬁi%ﬁqgm éQ?e'ﬁﬁ%l\t/%%"B tHﬂQﬂ}g f'SIIiE/hiand Young's mOdLHHESQFO e glass, and

. R nR}’ Q?
also function so as to increase t}&e f‘t%erma exparision coefficient and Young's modulus of the glass.

Howevere;(\é{pﬁag]gég@h@onten{lﬁ{ MaBo el Sro,ﬁq\qnqﬁg g,gpp%gﬁgﬁfs’iéo 0, chemical durability

or the thermal stability of the glass is lowered. Accordingly, the total content of MgO, CaO, Sr0, BaO,
and ZnOdgdpreferabboRdoplilikhidg stedré@sthiBedLBeRev,Ya0de 1a205, Nb205, apg Hisigeach

function so as to improve chemical durability, in particular, alkali resistance, improve heat resistance
by enhansiligring/app diansgiendedprratuoriedieeiwice a Young's modulkingageasture toughness.
However, when the total content of Zr02, 1102, La202, Y202, 1a205, Nb205, and Hf02 exceeds 15%,
the meltabgityapiptenlassricdoyiagoumbstaagltyidmpoimelted glass raw mashirad padsing in the glass.
Accordingly, the total content of Zr02, 1102, La202, Y202, 1a202,Nb202, and Hf02 is preferably O to

15%. relatively moving a disk-shaped glass and the polis hing pads.

[0114]

The double-side polishing apparatus includes a pol ishing
carrierfittingportionhavinganinternalgearand asungearwhich
are eachrotationally driven ata predetermined rot ationrate and
alsoincludesanuppersurfaceplateandalowersu rfaceplatewhich
are rotationally driven in opposite directionsto e ach otherwith
thepolishingcarrierfitting portionbeing sandwic hedbyboththe
plates. On each surface facing a disk-shaped glass of the upper
surfaceplateandlowersurfaceplate,thepolishin gpadsdescribed
belowareattached. Eachpolishingcarrieffitted soastobeengaged
witheachoftheinternalgearandthesungearper formsaplanetary
gearmotion, thatis, revolvesaroundthe sungear while spinning.

[0115]

The each polishing carrier holds a plurality of di sk-shaped
glasses. Theuppersurfaceplatasmovablarthe verticaldirection
andpresseseachpolishingpadontothefrontandb ackmainsurfaces
ofeachdisk-shapedglass. Then,whileaslurry(p olishingliquid)
containingpolishingabrasivegrains(polishingmat erial)isbeing
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[0156] Composition ranges included in the above-mentioned composition range are given below.
Note that the content and total content of glass components are expressed in mol%, unless otherwise
specified. [0157] First glass, in which importance is given to efficiency of chemical strengthening,
has a composition range of the content of Si02: 60 to 75%, the content of Al203: 3 to 12%, the total
content of Li20, Na20, and K20: 20 to 35% (preferably 23 to 35%),

suppliedthedisk-shapedglassandthepolishingp
owning to the planetary gear motion of the polishin
the phenomenon that the upper surface plate and the
plate rotate in opposite directions to each other.
thefrontandbackmairsurfacesokeachdisk-shape
Notethat, inthefirst polishing step, ahardresi
example, is used as the polishing pad and cerium ox
grains, for example, are used as the polishing mate

[0116]

Next, the disk-shaped glass after the first polish
subjected to chemical strengthening. Itis possibl
moltensaltthatisusedforthechemicalstrengthe
amixedmoltensaltofpotassiumnitrate(60mass%)
(40mass%). Inthechemicalstrengthening themol
to, forexample, 300°C to 400°C, and a cleaned disk
pre-heated to, for example, 200°C to 300°C and then
themoltensaltfor,forexample,3hoursto4hour
is preferably performed under a state in which a pl
disk-shaped glasses are contained in a holder so as
their end surfaces so that both main surfaces of ea
disk-shaped glasses entirely undergo chemical stren

[0117]

Each disk-shaped glass is immersed in the molten s

described above, and as aresult, lithiumions and

thesurfacelayersofthedisk-shapedglassaresub

73

admoverelatively
g carrier and
lower surface
As aresult,
dglassgolished.
npolisher, for
ide abrasive

rial.

ing is
etouse,asa
ning,forexample,
andsodiumnitrate
tensaltisheated
-like glassis
immersed in
S. Theimmersion
urality of
to be held by
ch of the

gthening.

alt, as
sodiumionsin

stitutedbysodium



the total content of MgO0, Ca, Sr0, Ba0, and ZnO: 0 to 5%, and the total content of Zr02, 1102, La202,
Y202, Yb202, 1a205, Nb205, and Hf02 : 0 to 7%. [0158] Second glass, in which Importance is
given to chemical durability, has a composition range of the content of 5102: 60 to 75%, the content of
Al203: 1 to 15%,

ions and potassium ions each having arelatively la rgeionradius
inthemoltensalt,respectively,formingacompres sivestresslayer

withathicknessofabout50t0200 um. Thus,thedisk-shapedglass

isstrengthenedandisprovidedwithgoodimpactre
that the glass having undergone chemical strengthen
is cleaned. Forexample, the glass s cleaned with
and then cleaned with pure water, isopropyl alcohol
like.

[0118]

Next, the disk-shaped glass which has undergone ch

strengthening and has been cleaned sufficiently is

second polishing. A machining allowance removed by

polishing is, for example, about 1
polishingistofinishthe main surfaceslike mirro
the second polishing step, the disk-shaped glass is
using adouble-side polishing apparatus asinthe f
step, but the composition of polishing abrasive gra
in a polishing liquid (slurry) to be used and the ¢
apolishing pad are differentfrom those inthe fir
second polishing step, there are used polishing abr
eachhavingasmallerdiameterandasofter polishi
withthoseinthefirstpolishingstep. Forexampl
polishing step, asoftfoamedresinpolisher, fore

as the polishing pad, and finer cerium oxide abrasi

the cerium oxide abrasive grains used in the first
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the total content of L120, Na20, and K20: 15 to 25%, the total content of MgO, CaO, Sr0, BaO, and
ZnO: 1 to 6%, and the total content of Zr02, 1102, La203, Y203, Yb203, Ta205, Nb205, and Hf02 : 0.1

to 9% (preferably 0.5 to 9%, more preferably 1 to 9%). [0159]

Third glass, in which Importance is

given to large rigidity, has a composition range of the content of 5102: 50 to 70%, the content of Al203:

1 to 8%, the total content of L120, Na20, and K20: 12 to 22%,

orcolloidalsilica,forexample,isusedasthepo
Thedisk-shapedglasspolishedinthesecondpolish
cleaned. Inthecleaning,aneutraldetergent, pur
is used.

[0119]

Thesecondpolishingyieldsaglasssubstratefor
disk having, for example, a flatness in main surfac
lessandaroughnessinmainsurfaceof0.2nmorl
various layers such as a magnetic layer are formed
substrateforamagneticdisk,andamagneticdisk

[0120]

Note that the chemical strengthening step is carri
between the first polishing step and the second pol
andthe orderofthese stepsisnotlimitedtothis
asthesecondpolishingstepiscarriedoutaftert
step,thechemicalstrengtheningstepcanbearbitr
Forexample,theorderofa)thefirstpolishingst
polishingstep,andc)thechemicalstrengthenings
referred to as "routing 1" in some cases) will do.
theroutinglisadopted,surfaceirregularitiesth
bythe chemicalstrengthening stepare notremoved,
preferred is the routing in which a) the first poli
the chemical strengthening step, and c) the second
are carried out in the stated order.

[0121]
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the total content of MgO, CaO, Sr0, BaO, and ZnO: 10 to 20%, and the total content of Zr02, 1102,
La203, Y203, Yh203, Ta205, Nb205, and Hf02 : 3 to 10%. [0160] Fourth glass, in which
Importance is given to high heat resistance, has a composition range of the content of 5102: 50 to
70%, the content of Al203: 1 to 10%, the total content of L120, Na20, and K20: 5 to 17% (in which the
content of 1102 is 0 to 5%, preferably 0 to 1%),

[Method of manufacturing magnetic recording medium]

Amethodof manufacturingamagneticrecordingmed iuminthe
firsembodimentischaracterizedinthatamagneti crecordingmedium
is produced by at least going through a magnetic re cording
layer-formingstepofformingamagnetiaecording layeronamagnetic
recording medium substrate manufactured by the meth od of
manufacturing a magnetic recording medium substrate in the first
embodiment.

[0122]

Onthemainsurface ofamagneticrecordingmedium substrate
(glass substrate for a magnetic disk) manufactured by the method
ofmanufacturingamagneticrecordingmediumsubstr ateinthefirst
embodiment, layers such as a magnetic layer are for med, thereby
manufacturing a magnetic recording medium substrate (a magnetic
disk). For example, from the main surface side of the substrate,
anadherentlayer,asoftmagneticlayer,anon-mag neticundercoat
layer, a vertical magnetic recording layer, a prote ctive layer,
anddubricanfayerardaminatedsequentially. Theadherentayer,
inwhich, forexample,aCralloyisused,function sasanadhesion
layerwithaglasssubstrate. Inthesoftmagnetic layer forexample,
aCoTaZralloyisused. Inthe non-magnetic underc oat layer, for
example, a non-magnetic granular layer is used. In the vertical
magnetic recording layer, for example, a magnetic g ranular layer
is used. Further, in the protective layer, a mater ial made of
hydrogen carbon is used, and in the lubricant layer , forexample,
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the total content of MgO, CaO, Sr0, BaO, and ZnO: 10 to 25%, and the total content of Zr02, 1102,
La203, Y203, Yb203, Ta205, Nb205, and Hf02 : 1 to 12%. [0161] Fifth glass, in which Importance
is given to high heat resistance, large rigidity, and high thermal expansion, has a composition range of
the content of S102: 50 to 75%, the content of Al202: 0 to 5%, the total content of 1120, Na20, and
K20: 3 to 15% (in which the content of 1102 is 0 to 1%), the total content of MgO, CaO, Sr0, BaO, and
ZnO: 14 to 35%, and the total content of Zr02, 1102, La203, Y203, Yb203, Ta205, Nb205, and Hf02: 2

to 9%. . o
% afluorine-based resin is used.

[0123]

Morespecifically aninline-typesputteringappar
to form sequentially, on both main surfaces of a gl
a CrTiadherent layer, a CoTaZr/Ru/CoTaZr soft magn
CoCrSiO ;non-magneticgranularundercoatlayer,aCoCrPt-Si
magneticgranulardayer,andahydrogenatedcarbon
Besides aperfluoropolyetherubricantiayerisfo
uppermostlayerbyadipmethod,yieldingamagneti
(magnetic disk).

[0124]
<Second embodiment>
[Method of manufacturing glass blank]

Amethodoimanufacturingaglassblankinthesec
includes separating a molten glass gob from a molte
flowing outfromaglassoutletand press-moldingt
gobintoathinflatglassbyusingpressmolds th
a glass blank to be processed into a magnetic recor
substrate having a central hole, in which the molte
separatedandfalls,andthe moltenglassgobinth
withpress-moldingsurfacesfacingeachother,ther
molten glass gob into the thin flat glass, and the
themoltenglassgobischangedsothatthesiteat
glassgobis separated fromthe molten glass flowf

press-molding surfaces, followed by the start of th
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[0162] [Method of manufacturing magnetic recording medium substrate] Amethod of
manufacturing a magnetic recording medium substrate in the second embodiment is characteri zed in
that a magnetic recording medium substrate is produced by at least going through a polishing step of
polishing the main surface of a glass blank manufactured by the method of manufacturing a glass
blank in the second embodiment and a hole-forming step of forming a central hole in the central
portion of the main surface. [0163] First, scribing is performed on a glass blank obtained by
press-molding. ?gélggg refers to providing cutting lines (line-like flaws) like two concentric circles (an
inner concentric and an outer concentric circle) with a scriber made of cemented carbide or

formed of d'amof‘ﬁeoﬁ{%] 851 ?rFéH{ 5&8 i Oér%‘?gﬁl%?érmqﬂkﬁ@ %rder to process th % @ed glass

blank into a ring shape having a prede termln te that a shear mark remaining in the glass

blank is '8%%%%%Wr&8§&%m%emglass blank having sides. gon the two

concentric circles is partially heated, and the outside portion of the outer concentric circle and the

inside qu‘i'GUPi Fﬂlﬁ’st’ﬂ@@sqm%ﬂfﬁélféﬁ RIEIOWOMRIPY V|.rtue of the d'ff_efﬂ@(@.l'tr\‘ﬁ&ﬁ gnal
expansion of glass, thereby yielding a disk-shaped glass having a perfect circle shape. The removal of

the insidglpegiontlet iseinngraaanedoiisr ereletargesnostls to the central holiternpigepiocessing, and
this processing contributes to removing the shear mark. [0164] The roughness of the main
surface datisargtassalnlamkesmaobiency|sesssflawdlhisme loutting lines can be suitglolyysiogitkesl by using a
scriber. Note that, in the case where the roughness of the main surface of the glass blank exceeds 1
pm, a sctiperadeegaioofsihnartidaides)dtdriaied 3fiHe stotsce and cutting line s €athodotehrovided

uniformly. Accordingly, after the main surface of the glass blank is made smooth, scribing is
performefiereby shearing glass. The lower surface ofthe s hear blade 3-1

hasaprojection3-1-aforapplyingatorquefortu
glassgobbypushingitsupperportionfromthehor
The length inthe horizontal direction of the proje
adjustable. Theviscosityofoutflowingmoltengla
by adjusting the temperature of the glass effluent
to be kept constant in the range of 500 dPa
[0126]
FIG. 14 illustrates an appearance of the moment of
a lower portion of the molten glass flow 2 by causi
theshearblades3-1and3-2tocrosseachotherso
agap.therebyseparatingamoltenglassgob4. Th
applies a torque for turning the molten glass gob 4
pushinganupperportionofthemoltenglassgob4
directionimmediately afterthe separationofthem
4. Notethatitmayalsobe possibletoadoptast
projection3-1-aisseparatedfromtheshearblade,

projection 3-1-aappliesatorqueforturningthem
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[0165] Next, the s cribed glas s undergoes shape processing. The shape processing includes
chamfering (chamfering of an outer peripheral end portion and an inner peripheral end portion ) . In the
chamfering, the outer peripheral end portion and inner peripheral end portion of the ring- shaped glass
are chamfered with a diamond grinding stone. [0166] Next, the disk-shaped glass undergoes end
surface polishing. In the end surface polishing, the inner peripheral side end surface and outer
peripheral side end surface of the glass undergo mirror finish by brush polishing. In this case, there is

dasl including fi icl f ceri id he lik f brasive grains. Th d
Surface POTEHR G EUES KB AR RO LDy atachment of dLCA A BUSTRE IR impair such as
damage g S5 OB (b SITAIACHS A 15 435S, oo a result, precipitatign, of s g sodium,

e ca

potassium, and the like causing corrosi e prevented from occurring. Next, firs poh’shing is

carried Of‘fd&%ﬁ@%’l’&%_@rﬁ%ﬁﬁﬁ%ﬁﬁ@%Qﬁé‘ﬁ%]ﬁg%@c%&}ﬁs- The purpose of thefligtpgligaing is to

remove flaws and strain remaining in the main surfaces. [0167] A machining allowance removed
by the firgiragtiohingdgnteirexpaisavaiahisodmansast 10 pm. A grindingtgtesherinogiag a large
machining allowance is not required, and hence a flaw, strain, or the like due to the grinding step is not
generateg-in the glass. Accordingly, the machining allowance in the first polishing step is small. In the
first polishing step and the second polishing step described below, a double-side polishing apparatus
is used. The doybl2g]de polishing apparatus is an apparatus for carrying out polishing with polishing
pads by relatively moving a disk-shaped glass and the polishing pads.

FIG.15illustrateshowtheseparatedmoltenglass isfalling
while turning clockwise. When the molten glass gob 4 is cut and
separated,aso-calledshearmark4-aisproduceda tthepeakportion
of the molten glass gob 4 by the shear blades, and the shear mark
4-aturnsinthehorizontaldirectionsimultaneousl ywiththeturn

of the molten glass gob 4.

[0128]

FIG. 16illustrates a vertical cross section of pr essmolds
5and6. Thepressmold5includes,forexample,a pressmold body
5-1 having a press-molding surface 5-1-a and guide members 5-2,
which are fitted around the press mold body 5-1 and are used for
determining the distance between the press-molding surfaces by
abutting the press mold 6 so that the distance betw een the
press-molding surfaces is equal to the thickness of a thin flat
glass at the time of press-molding and used for gui ding the press
mold body 5-1 when the press mold body 5-1 is cause dto attach to

the main surface of the thin flat glass.
[0129]

Itis preferred to use ametal oranalloyasama terial for
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[0168]

glasses.
onto the

the phenpaRIMEHRAAR

The double-side polishing apparatus includes a polishing carrier fitting portion having an
internal gear and a sun gear which are each rotationally driven at a predetermined rotation rate and
also includes an upper surface plate and a lower surface plate which are rotationally driven in opposite
directions to each other with the polishing carrier fitting portion being sandwiched by both the plates.
On each surface facing a disk-shaped glass of the upper surface plate and lower surface plate, the
polishing pads described below are attached. Each poll shing carrier fitted so as to be engaged with
each of the internal gear and sun geay performs a planetary gear motion, that js, reyolves around
the sun JUIP DR g A a LB e B BB Hiig carrer noids & oA bk shaped

. surf ' 0 in t j.cal direction and presse C lishing pad
%@ﬁtaé'pln%%ggyk ?nﬁe??ng@ur gegrér;éo ea%géis%ﬁégﬁg%‘ed glass. Then, while Z\ﬁsﬁﬁr%/ |?|ce)£()'é)'clflshing liquid)
containing gelishingrAERSIUFIER NDORPLS Bing Shatgiaikisbeing supplied, the diskghapeagt glass

andthe polishingpadmove relatively owning to the planetary gear motion of the polishing carrier and

messvdreeRIrderansbg lower surface pl

to each other. As a result, the front and back main surface s of each di sk- shaped g

é@tﬁ@ﬁigrﬁ?[&site directions
as s s poll shed .

Note thabfiththenfitetinbbediecsie Uty teresin glishgd for example, is usedaget(egDlishing pad
and cerium oxide abrasive grains, for example, are used as the polishing material. [0170]

alloytoolsteel(suchasSKD61), high-speedsteel
carbide, Colmonoy, and Stellite.
[0130]
Themainsurfaceoftheglassblankismoldedbyt
thepress-moldingsurfacetoglass,andhencethes
ofthe press-molding surface andthe surface roughn
surfaceotheglasshlankbecomesubstantiallythe

roughness of the main surface of the glass blank is

(SKH),cemented

ranscribing

urfaceroughness
essofthemain
same. Thesurface

desirably

controlledtotherange of0.01to 10 pminview of performing the

scribe processing and grinding processing using a d
which are described below, and hence the surface ro
press-molding surface is also preferably controlled
of 0.01 to 10 pm.
[0131]
Thepressmold6includes,forexample,apressmo
having a press-molding surface 6-1-a and guide memb
arefittedaroundthepressmoldbody6-1andareu
the distance between the press-molding surfaces by
pressmold5sothatthedistancebetweenthepress

is equal to the thickness of the thin flat glass at
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Next, the disk-shaped glass after the first polishing is subjected to chemical strengthening. It is
possible to use, as a the chemical strengthening solution, for example, a mixed solution of potas s ium
nitrate (60%) and s odium nitrate (40%) . In the chemical strengthening, the chemical strengthening
solution is heated to, for example, 300C to 400C, and a cleaned glass is pre-heated to, for example,
200C to 300C and then immersed in the chemical strengthening solution for, for example, 3 hours to 4
hours. The immersion is preferably performed under a state in which a plurality of glasses are
contained in a_r&(l)il?jlgr SO aato b§ Feld by their end surfacela %o that both main s rfaé:_%s (ﬁeach of the
glasses gﬁﬁ?&y '&%3% emical '[ﬂ%r%eg.p[ﬁ?ﬁo Each glass is im &rsed MR chemical
strengtheping sQution a5 s PRAaRaXs @A R ead. lthium ions and spdijapsdl the
surface layers of the gElalss e substituted by sodium ions and potassium ions each having a relatively
large iondagidsihthsichgracal strengthening solution, respectively, forming a compressive stress
layer with a thickness ot about 50 to 200 pm. Thus, the glass is strengthened and is provided with
good impact res[gt_pgme. Note that the glass having undergone chemical strengthening treatment is
cleaned. For example, the glass is cleanedwith sulfuric acid and then cleaned with pure water ,
isopropyl alcohal(IR8).19, the Hksitdablads gob Méxiistvigags which has undergonsirgigitaical
strengthening and has been cleaned sufficiently is subjected to second polishing. Amachining
allowanctheespavedieptbe rsdrempdgesiinsbldg S afat éxarfgrieaabout 1 pm. The ¢hainporg tf the second
polishing is to finish the main surfaces like mirror surfaces. In the second polishing step, the
disk-shapeeisgléze pitaisighassygobidg a double-side polishing apparatus as in the first polishing step,
but the composition of polishing abrasive grains contained in a polishing liquid (slurry) to be used and
the composition[@ﬂ&i’dolishing pad are different from those in the first one. In the second polishing
step, there are used polishing abrasive grains each having a smaller diameter and a softer polishing

pad compared Vit thbs8l s aR e SOMEy sty iRigh ARERIFESIN the second polisHMYURSD, a soft
foamed resip polisher, for example, is used as the polishingpad, and finer cerium oxide abrasive grains
than the SAHERO RS AL SR RGP T S0 MEning step, for examBESSHPHeba as the
polishing'_ﬁg?éer'&%léﬂ}(]a disk-sh%pﬁgagl 1SS polished.in the setcond polishing step is aqﬁ%ntﬂganed. In

a

- shear. mar comes into contact w
the cleaning, a neutr a%tergent, pure

press-molding surface 6-1-a. In order to realize t
adjustedarethemagnitude ofatorqueforturning
gobdandthefallingdistanceofthemoltenglass
distanceiscontrollectopreferablyl,000mmoie
500 mm or less, still more preferably 300 mm or les
more preferably 200 mmorless, inorderto prevent
that the viscosity of the molten glass gob increase
from the viscosity range suitable for press-molding
topreventthe phenomenonthatthefallingspeedbe
fluctuating the position of pressing.

[0134]

Afterthe surface ofthe moltenglassgobcomesin
with the press-molding surfaces, the surface of the

gob is solidified so as to attach to the press-mold
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water, or IPA is used. [0173] The second polishing yields a glass substrate for a magnetic disk
having a flatness in main surface of 4 pm or less and a roughness in main surface of 0.2 nm or less.
After that, various layers such as a magnetic layer are formed on the glass substrate for a magnetic
disk, and a magnetic disk is manufactured. [0174] Note that the chemical strengthening step is
carried out between the first polishing step and the second polishing step, and the order of these steps
is not limited to this order. As long as the second polishing step is carried out after the first polishing
step, the em| I stren theni rarily arranged. For example, the or f the first
pollshlng\;g1 & BESS gp'SI@&ﬁ &Sa%gﬁ'& E{ﬁtgh %ﬁgél strengthening stef) I%e?g gaﬁ referred to
as "routi Jt)%% tﬁ] %‘i‘v@ﬁtdhﬂb%%‘i'&%éﬁ Qgﬁﬂﬁﬁq aurface wregulanUE%Er@%] be produced
by the ch mlca rengthening step are not remove nence more preferred is the routing of the
first polisiing Wﬂ%ﬂ@ﬁ%&bﬁ%ﬁﬂ%@?ﬂﬁ?&ﬁ%r%@e second polishing steRiipige stated order.

[0175] [Method of manufacturing magnetic recording medium]

contact, thereby forming the glass into a thin flat
a disk shape or a disk-like shape.

[0135]

FIG. 18 illustrates how the glass is pressed and s
the above-mentioned pressing process. The shear ma
neighboringportionfirstcomeintocontactwithth
surface 6-1-a and are solidified so as to attach to
surface6-1-a,andhencetheshearmarkanditsnei
remaininthesurfaceofthecentralportionofthe

[0136]

FIG.19illustratesastateinwhichthedistance
press-molding surface 5-1-a and the press-molding s
ismatchedtoadistancecorrespondingtothethick
blank by causing an abutting surface 5-1-aoftheg
and an abutting surface 6-1-a ofthe guide member 6
other. The abutting between the abutting surface 5
abuttingsurface6-1-aalsofunctionstomaintaint
between the press-molding surface 5-1-a and the pre
surface6-1-a. Thetimetakenfromthestartofpr
inF1G.17untitthemoldclosingillustratedinFI
controlled to 0.1 second or less for the purpose of

molten glass gob into a thin flat glass.
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A method of manufacturing a magnetic recording medium in the second embodiment is characterized
in that a magnetic recording medium is produced by at least going through a magnetic recording
layer-forming step of forming a magnetic recording layer on a magnetic recording medium substrate
manufactured by the method of manufacturing a magnetic recording medium substrate in the second
embodiment. [0176] On the main surface of a magnetic recording medium substrate (glass
substrate for a magnetic disk) manufactured by the method described above, layers such as a
magnetic layer ﬁgoﬂned, thereby manufacturing a magnetic recording medium substrate (a
magnetic disk). example, from the main surface side of the substrate, an adherent layer, a soft

magnetic layer, ﬁwﬁ?@f%%ﬂ%%éh %cﬁ%%ia@&eijﬁgéﬁighgmgnetic recording Iayﬁrhe?n %tective layer,

and a lubricant layer are laminated sequen erentlayer, in which, for example, a Cr alloy is

used, fu%@%%%Wé@%%ﬂﬁ@dﬁ%ﬁéw&mb%&@”me- In the s oft gagn&lis_laysgefor example, a

ColaZr alloy is used. In the hon-magnetic undercoat layer, for example, a non-magnetic granular layer

is used. stRecuKHishtRagpatmtreRtdislaygarigihexample, a magneticgianHtgs iageeis used.
Further, in the protective layer, a material made of hydrogen carbon is used, and in the lubricant layer,

for example.adbindaestedsetiatitheprds{Oholding siMore specifically, araigdiss-typasguttering
apparatus is used to form sequentially, on both main surfaces of a glass substrate, a Crli adherent
layer, a GelaZ dRuA2ctaFloselyratigobéd aytre anain surface of the thin

flat glass. If the press pressure is increased whi
isbeingkept, glassmaybreak. Whilethisstatei
several seconds, the thin flat glass is cooled.

[0138]

Next, asillustratedin FIG. 21, the press molds 5
detached from each other to demold a thin flat glas
press-moldingsurface6-1-a. Then,asillustrated
thinflatglass4-Bisdemoldedfromthepress-mold
and is taken out. When the thin flat glass 4-B is
thepress-moldingsurfaces-1-ajthethirflag
asifpeelingtoyapplyingaforcefromanouter
of the thin flat glass, the thin flat glass 4-B can
from the press-molding surface without applying a |
the thin flat glass.

[0139]

The thin flat glass taken out is subjected to anne
reduce or remove strain, thereby providing a base m
processed into a magnetic recording medium substrat

glass blank. The glass blank locally includes a she
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000rSi02 non-magnetic granular undercoat layer, a CoCrPt-Si02-1i02 magnetic granular layer, and a
hydrogenated carbon protective layer. Besides, a perfluoropolyether lubricant layer is formed on the
formed uppermost layer by a dip method, yielding a magnetic recording medium (magnetic disk) .

Examples [0178] <Examples of first aspect of the present invention>

Hereinafter, the first aspect

of the present invention is described in more detail based on examples, but the first aspect of the

present invention is not limited to the following examples. [0179]

centerofitsmainsurface. Thus,aregionincludi
can be removed by the central hole-forming step at
manufacturing a substrate.

[0140]

Note that, when the viscosity of molten glassiis |
500 dPa -s, it becomes difficult to separate the molten glas
In a necessary amount in a state in which a molten
falling in the air. When the molten glass having a
lessthan500dPa
thatanecessaryamountofthemoltenglassforobt
glassgob be accumulated by supporting the loweren
glass flow below the glass outlet, the molten glass
separated, the molten glass gob be caused to fall b
torque for turning, and pressing be started after t
a shear mark is adjusted so that the shear mark fac
press-molding surfaces.

[0141]

By subjecting the molten glass gob that is falling
press-molding, the viscosity distribution of the mo
just before the start of the press-molding is made
the glass can be stretched more easily so as to hav
smallthickness. Whentheinnerdiameterofthece
inthesubstrateissmall,thesizeoftheshearma
sothatthe shearmarkislocatedintherangeinw

hole is formed.
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(Example 1) -Manufacture and evaluation of glass blank- Materials such as oxides, carbonates,
nitrates, andhydroxides were weighed and mixed enough, yielding each blended material, so that
glass having each of the compositions listed in Table 1 is obtained. The blended material was fed into
a melting tank in a glass melting furnace, was heated, and was melt . The resultant molten glass was
transferred from the melting tank to a fining tank, and bubbles were removed in the fining tank.
Further, the molten glass was transferred to an operation tank, was stirred and homogenized in the
operation tank, ﬂzf s caused to flow out from a glass effluent pipe provided in the bottom portion of
the operation tank. The melting tank, the fining tank, the operation tank, and the glass effluent pipe

h und , | d the gl ffl '
were each un ?\%g@g%@ﬁz’;@gem _@?I&mgh%%%@}glﬁn the glass effluent %%'E;%gne, The

temperature an e molten glass were each controlled in a predeterm

molten glass iRvigshAt-iiem draiRRsAlivaaLaie was cast into a mgighand mRigshinio glass. The

resultant'glass was used as a sample to measure its glass transition temperature and liquidus

temperatsig pdiirihegonngasdEsscadHasadsangition temperature andyayiathedwiipeasuring a
liquidus temperature are mentioned below. [0180] (1) Glass transition temperature Ig The glass

transitiorsteippevdttre lgnaj@askiglassivasiieasuses by gsisgaathermomechanicaianatyzer (INA).

cross-sectional shape of the molten glass flow is m
by modifying the shape of the glass outlet to an el
orthe cross-sectional shape is made elongated by s
sidesofthemoltenglassflowfromtwodirections
other. Thenthemoltenglassflowiscutinthem

by using shear blades. Because the molten glass fl
in the major axis direction, the shear mark can be
Thus, eveninthecasewheretheinnerdiameterof

of a substrate is small, the shear mark can be loca
areainwhichthecentralholeisformed. Asatec

a shear mark smaller, a method involving cutting a

flowbycausingapairofshearbladesinwhichcut

ade elongated
ongated one,
andwichingthe
oppositetoeach
ajoraxisdirection
ow is sheared
made smaller.
thecentralhole
lized in the
hniqueformaking
molten glass

tingbladeseach

have aV shape oraU shapeto cross each otheris also effective.
[0143]
Accordingtothemethoddescribedabove therecan beproduced

a glass blank having a thickness deviation of 10 um or less and

aflatness of 10 umor less. The preferred range of the flatness
of the glass blank is 8 um or less, the more preferred range is
6 um orless, and the still more preferred range is 4 umorless.

[0144]
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(2) Liquidus temperature A glass sample was put in a platinum crucible and kept at a
predetermined temperature for 2 hours. After being taken out from the furnace, the glass sample was
cooled and the presence or absence of crystal precipitation was observed with a microscope. The
lowest temperature at which crystals were not observed was defined as a liquidus temperature (L. I.).
Table 1 shows the glass transition temperature and liquidus temperature of each glass. [0182]

The method of manufacturing a glass blank in the s econd

embodiment s suitable for producing a glass blank
ofdiametertothickness(diameter/thickness) of50
the diameterreferstoanarithmetic average ofthe
minoraxisoftheglassblank. Thepressmoldsdo
outer peripheral surface of the glass blank, and he
peripheral surface is a free surface, and the circu
glass blank that is molded is within £0.5 mm.

[0145]

Thediameterofthe glassblankisnotparticularl
Thediameterispreferablyset,asatargetvalue,
by adding, to the diameter of the substrate, the am
thatisremovedatthetimeofscribeprocessingan
processingwhichare carried outwhentheglassbla
into a magnetic recording medium substrate, as desc

[0146]

The thickness of the glass blank falls within the
0.75to1.1mm, preferablywithintherange of0.75
preferably withinthe range 0f0.90t00.92mm. It
tomeasurethethickness,thicknessdeviation,flat
and circularity of the glass blank by using a three
measuring machine and a micrometer.

[0147]

Itis recommended that the composition of glass to

be appropriately selected depending on the properti
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Glass having each of the glass compositions and properties shown in Table 1 was used and each
glass blank was manufactured sequentially. The each glass blank was manufactured by the method
illustrated in FIG. 1 to FIG. 11. In this case, the viscosity of a molten glass flow 20 was adjusted so as
to be constant in the range of 500 to 1,050 dPa-s. [0183] An elliptical shape having a major axis
of 28 mm and a minor axis of 8 mm was adopted as the shape of the aperture of a glass outlet 12.
Cutting of the molten glass flow 20 was performed by shearing a falling molten glass flow 20 in the

direction parallel go the major axis of the glass,outlet il?—‘%]wﬂih a pair of shear blades 30A and 40 in

which biAR PiSHRESAAEeAE Eeoring ARSI, press mold bodiES&B S B and quide
b 4 formir - I 0] ively, f [

(FeD). [ e e RS e S8 B o0 i, a g L5580 Sera was

used to @Rﬂﬂﬂd&%&@b@é{g@, 9.‘1’1\?&|&%%‘b&f%§ifﬁ1!5f@5qgurtheﬂ the driving tgg'gjngptw@r,shear blades

30A and 40 and the driving timing of the press molds 50 and 60 were adjusted so that press-molding

was abIqmwﬁﬁfg@g@ggma%ﬂﬁ;mi@d@tggg,@meparation mark 24/cfpggdAdmekding surface.
n

Then, after such conditions were set, press-molding was carried out. Note that the time taken from the
start of ppgasing wedtiwrirated dchHbe/ontianistdainhahich the guide surfacerédfnandhe guide
surface 6 4A completely came into contact as illustrated in FIG. 9 was controlled to 0.1 second or less,
and presthprepsuressad gabta ahbstré6t@. MPa. Next, while the state illustrated in FIG. 9 was being
maintained, the press pressure was reduced, and while a state in which the molding surfaces 52A and
6 2A were closelQ®8iched to a thin flat glass 26 was being kept, the thin flat glass 26 was cooled for
several seconds. Although the thin flat glass contracted in the cooling process, while the press molds
were caused to fol@fsupedierapadistiaies fnmataliacesdingt the contact betwERANEGHEY and the
press-molding surfaces were maintained, the thin flat glass were cooled. Next, the press pressure was

released 3RO aHN ARSI BRSEhE A8 hress mold 60 werd HEEEIR Y om each other as
illustrated in FIG, 10 and FIG. 11, to th ﬁeub n(t:ie old and take out the thin fl%t %I.ass 26, thgt is, a glass

blank. andahighthermalexpansioncoe urther, whenimportanc
is given to enhancing bending strength, the glass i s required to
have a composition that is suitable for undergoing chemical
strengthening,andwhenhigh-temperatureheattreat mentiscarried
outinaprocessofproducingamagneticrecording medium,theglass
is desired to have a composition that is suitable f or exhibiting

good heat resistance.

[0149]

Itispossibletogive,asglasshavingchemicald urability,
large rigidity, and a high thermal expansion coeffi cient, glass
which contains, in terms of oxides expressed in mol %:

50 to 75% of SiO 2

0 to 15% of Al 20%s;

3 to 35% in total of Li ,0, Na ,0, and K ,0;
0 to 35% in total of MgO, CaO, SrO, BaO, and ZnO; a nd
0to 15% in total of ZrO 5, TIO s, La 205, Y 205, Ta 23, Nb 2G5, and HfO .
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[0185] The diameter, circularity, thickness, thickness deviation, and flatness of each resultant
glass blank were measured by using a three-dimens ional measuring machine and a micrometer . As a
re suit , in any of the glass blanks made of glass No. 1 to No. 6 shown in Table 1, the diameter was 75
mm, the circularity was within 0.5 mm, the thickness was 0.90 mm, the thickness deviation was 10 pm
or less, and the flatness was 4 pm or less. Note that the above-mentioned measurement results
yielded a diameter/thickness ratio of 83.3. [0186] In addition, the main surfaces of the each
resultant glass ﬂmere observed to find a shear mark in the central portion of one of the main
surfaces. The s ark was localized in a circle with a radius of 15 mm at the center of each glass

blank, and it Waﬂggqﬂﬁégggapgﬁ%%aéhgvgtﬁtﬁgl(getg&?égrgoved completely W@gaeaa?%ntral hole

with an inner diameter 0 mm was forme me of manufacturing a magnetic recording

medium gyBsLaE NSRS BRoTREM SRRt GRSSPIRBkYas annealed to reduge;of Fesagugistrain. [0187]

ordertoimprovebubbleremovalatthetimeoffini ng. Inthiscase,

the mass ratio of the content of Sn oxide to the to tal content of

Sn oxide and Ce oxide (mass of Sn oxide/(mass of Sn oxide + mass
of Ce oxide)) is 0.01 to 0.99. Hereinafter, unless otherwise
specified, the content and total content of glass ¢ omponents are
expressed in mol%, but the contents of Sn oxide and Ce oxide are

expressed in mass%.

[0151]

SiO », which is a component for forming a glass network, IS
anessentiacomponenthatunctionsscastampr oveglassstability
andchemicaldurability,inparticular,acidresist ance. Whenthe
contenofSiO Jddessthan50% theabove-mentionedfunctionsca nnot
be sufficiently provided. When the content of SiO 2 exceeds 75%,
undissolvedsubstancesoccursintheglassorbubbl eremovalbecomes
insufficientbecausetheviscosityoftheglassat thetimeoffining
becomes too high. Thus, the content of SiO 2 IS preferably 50 to
75%.

[0152]

Al ;Gsalsocontributestoforming aglass network, funct ions
soastoimproveglass stabilityand chemicaldurab ility,andalso
functions so as to increase an ion exchange rate at the time of
chemicalstrengthening. WhenthecontentofAl 2Osexceeds15%,the
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Note that a high-speed camera was used to take images of the process from the end of the formation
of the molten glass gob 24 until the completion of the press-molding. As a result, it was confirmed that
the molten glass gob 24 turned by 90 during falling, and the separation mark 24A which had been
positioned in an upper surface of the molten glass gob 24 immediately after its separation with a pair
of the shear blades 30A and 40 was brought into contact with the molding surface 62A earlier than any
of the portions in the surface of the molten glass gob 24 at the time of the start of press-molding
exemplified in E|G 7.,[0188] -Manufacture. and evaluation of magnetic recording medjym substrate-
The glasrsnslg%m@(gﬁﬁ?giﬁ O(Y\(ﬁé?@éﬁésa{%\éﬁ%be processing on 8 E%ﬁl %rsejﬁm as an outer
peripher)( oé%g}gm%%goe’ﬁé’qgénﬁgi%% %@ﬁ@fﬁgia port?on _serving aér‘? rq]ec{ggﬁll\}g?ée thereof.
As a resu?t of the processing, two grooves'looking like concentric circles were formed outside and
inside. Nexh [hePAEtaly TeRARAUS SBETR D WhIR (e gefibe processing was,agpligd. cragks were
caused to occur alongthe each groove produced by the scribe processing, by virtue of the difference
in thermad eyvapsiaioN of @lasseand the outside portion and inside portion of the outer concentric circle
were removed. As a re suit , a di sk- shaped glass having a perfect circle shape and a ring shape was
obtained, and th psagessing completely removed a shear mark. [0189] Next, shape processing
was applied to the disk-shaped glass by using chamfering or the like and its end surfaces were
polished. Then, biterGNiast P@lrsiin g Gescbhrn etioostestoimg roeahsmédicdsliof the disk-shaped glass,
the glass was immersed in a molten salt to perform chemical strengthening.

and moldability of the glass, and also function so astoincrease

the thermal expansion coefficient of the glass. Wh enthe content

ofLi ,0,Na >0,andK >0Oislessthan3%,theabove-mentionedfunctions

are not sufficiently provided. When the content ex ceeds 35%,
chemical durability, in particular, acid resistance is lowered,
orthethermalstabilityoftheglassislowered. Further,aglass
transitiontemperatureislowered,therebylowering heatresistance
aswell. Accordingly thecontentofLi 2ONa ,0andK ,Qispreferably

3 to 35%, more preferably 5 to 35%. It should be n oted that, out

ofLi ,0,Na ,0,andK ,0,Li ,0 hasthe greatestfunction of lowering

a glass transition temperature.

[0154]

MgO, CaO, SrO, BaO, and ZnO each function so as to improve
the meltability, moldability, and Young's modulus o f the glass,
andalsofunctionsoastoincreasethethermalexp ansioncoefficient
andYoung'smodulusoftheglass. However,whenth etotalcontent
of MgO, CaO, SrO, BaO, and ZnO exceeds 35%, chemica | durability
orthethermalstabilityoftheglassislowered. Accordingly,the
total content of MgO, CaO, SrO, BaO, and ZnO is pre ferably O to
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[0190] After the chemical strengthening, the disk-shaped glass was sufficiently cleaned and then
subj ected to a second poll shing . After the second polishing process, the disk-shaped glass was
cleaned again and a magnetic recording medium substrate was manufactured. The magnetic
recording medium substrate had an outer diameter of 65 mm, a central hole diameter of 20 mm, a
thickness of 0.8 mm, amain surface flatness of 4 pm or less, and amain surface roughness of 0.2 nm
or less. [0191] -Manufacture and evaluation of magnetic recording medium- On both main
surfaces gf the magnetic recording medium substrate manufactured, an inline-type sputtering
apparatu &s used to form sequentially a Crli adherent layer, a CoTaZr/Ru/CoTaZr s oft magnetic
layer , a CoCrSi -magnetic granular undercoat layer, a CoCrPt-Si02 1i02 magnetic granular
layer, and a hydrogenated carbon protective layer, and then, a perfluoropolyether lubricant layer was

formed on the qu@rrzr!eﬁ@ayzquléy %(ig'(p\mg@igq}ayig@ng@ %ggﬁgq_[@orgi@%ﬂqgmd‘magnetic

disk). The thus obtained magnetic was incorporated into a hard disk drive, and its movement was

checked 4g fingl taaiianageabefial kreammyedpesiatoaase. , alkali
resistance,improveheatresistancebyenhancinga glasstransition
temperature,andenhanceaYoung'smodulusandfrac turetoughness.
However, when the total content of ZrO 2, TIO 2, La 205, Y 2G5, Ta 20,
Nb,G;,andHfO  ,exceeds15%,themeltabilityoftheglassislower ed.
As aresult, an unmelted glass raw material remains inthe glass.
Accordingly thetotalcontentofZrO 2,110 ola 2G3Y 205,Ta 2GNb 2O,

and HfO , is preferably 0 to 15%.
[0156]

Composition ranges included in the above-mentioned

compositionrangearegivenbelow. Notethatthec ontentandtotal
contentofglasscomponentsareexpressedinmol%, unlessotherwise
specified.

[0157]

First glass, in which importance is given to effic iency of

chemical strengthening, has a composition range of

the content of SiO 2: 60 to 75%,

the content of Al 2051 310 12%,

the total content of Li 20,Na 7,0,andK ,0:20to 35% (preferably 23

to 35%),

the total content of MgO, CaO, SrO, BaO, and ZnO: 0 to 5%, and
the total contentofZrO 2, TIO g,La 205,Y 205,Yb 205, Ta 2G;,Nb 2G5,and
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[0192] (Comparative Example 1) Each glass blank was manufactured in the same manner as that
in Example 1 except that two strike-type blades for cutting molten glass by striking their tips to each
other were used to separate amolten glass gob. Note that the above-mentioned strike-type shear
blade does not include such a pressing member as provided in the shear blade used in Example 1.
The diameter, circularity, thickness, thickness deviation, and flatness of each resultant glass blank
were measured by using a three-dimensional measuring machine and a micrometer. As a result, in
any of thﬁ\%ﬁas_s blan)gg made of glass No. 1 to No. 6 shown in Table 1, the diameter was 75mm, the
circularity a?s'vglltE%n ’:5mm, the thickness was 0.90 mm, the thickness deviation was 10 pm or less,
and the flatness pm or less. Note that the above-mentioned measurement results yielded that
the diameter/thii ness ratio was 83.3. [0193] In addition, the resultant glass blank was observed

to find a shear ngaergoﬂ'@eg%@a}r m%}@ﬁsi}ﬁﬁ%%ﬁf&@r‘iéh@i%‘ﬁe'{&e&mﬁra‘ end surface apd the main

surface in the vicinity thereof, and it was found that the shear mark was able to be removed completely
when a cauysaiIiglnudth 2B ApesiftMaIRj0HR0 mm was formed at the time of manufacturing a
magnetic recording medium substrate. In addition, unless a lapping step was carried out based on a

grinding gl®vanmempbast 50 pm gothe 196, of manufacturing a magnetic recording medium
substrate, the shear mark was not able to be removed completely.

the content of Al 20;: 1 to 15%,
the total content of Li 20, Na 0, and K ,0: 15 to 25%,
the total content of MgO, CaO, SrO, BaO, and ZnO: 1 to 6%, and
thetotal contentofZrO 2, TIO 2,La 205, Y 205, Yb 2,05, Ta 2G5,Nb G5, and
HfO, : 0.1 to 9% (preferably 0.5 to 9%, more preferably 1to 9%).
[0159]
Thirdglass,inwhichimportanceisgiventolarge rigidity,

has a composition range of

the content of SiO 2: 50 to 70%,

the content of Al 2051 1 to 8%,

the total content of Li 20, Na 20, and K ,0: 12 to 22%,

the total content of MgO, CaO, SrO, BaO, and ZnO: 1 0 to 20%, and
the total contentofZrO 2, TIO p,La 205,Y 205, Yb 205, Ta 2G;,Nb 2G5,and

HfO, : 3 to 10%.
[0160]
Fourth glass, in which importance is given to high heat

resistance, has a composition range of

the content of SiO 2: 50 to 70%,
the content of Al 205 1 to 10%,
the total content of Li 20, Na ,0, and K ,0: 510 17% (in which the
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[0194] Note that a high-speed camera was used to take images of the process from the end of
the formation of a molten glass gob 24 until the completion of press-molding. As a result, it was found
that the molten glas s gob 2 4 turned insufficiently , and hence press started before a separation mark
24A faced a press-molding surface. [0195] (Comparative Example 2) A molten glass gob was
separated by using cross-type shear blades as in Example 1. Note that each glass blank was
manufactured in the same manner as that in Example 1 except that press-molding was carried out in a

tate in which th t directi f [ d dth t directi f ir of
oress MO0 e R fcarfl Oher st Lo AR imoead of a substantily parallel state,
The surf?ﬁg %ftgﬁ%mgﬁ\;B@mﬁ%ﬁ%gaé%gsg%egnig%d that a shear naﬂréi%@/% fgmiaed ina

peripheral portion away from center of the glasss us, the shear mark was hot able to be

removedRy EREINAHENT NG central holgdprming stepNO18Plyy ,o;, Ta ,05,Nb ,05,and

HfO, : 1 to 12%.

[0161]
Fifth glass, in which importance is given to high heat
resistance, large rigidity, and high thermal expans ion, has a

composition range of

the content of SiO 20 50 to 75%,
the content of Al 205: 0 to 5%,
the total content of Li 20, Na 7,0, and K ,0: 3 to 15% (in which the

content of LiO 215 0 to 1%),
the total content of MgO, CaO, SrO, BaO, and ZnO: 1 4 to 35%, and
thetotal contentofZrO 2, TIO ,,La 205,Y 2G5, Yb 2G5, Ta 2O5,Nb ,G5,and

HfO,: 2 to 9%.

[0162]
[Method of manufacturing magnetic recording medium substrate]

Amethodoimanufacturinggamagnetiaecordingmed iumsubstrate
inthesecondembodimentscharacterizednthata magneticaecording
mediumsubstrateisproducedbyatleastgoingthro ughapolishing
step of polishing the main surface of a glass blank manufactured
bythemethodofmanufacturingaglassblankinthe secondembodiment
and a hole-forming step of forming a central hole i n the central

portion of the main surface.

[0163]
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Note that a high-speed camera was used to take images of the process from the end of the formation
of a molten glass gob 24 until the completion of press-molding. As a result, it was found that press
started in a state in which a separation mark did not face a molding surface at all. [0197] (Comparative
Example 3) Each glass blank was manufactured in the same manner as that in Example 1 except
that the falling distance was changed to 100 mm. The surface of each resultant glass blank was
observed to find that a shear mark was formed in a peripheral portion away from the center of the

glass blank. Thys, the shear mark was not able to be remove carrying out only a.central
hole-forming stéﬁ’r f(t)’l@%rf%mg '?\18%\%91@?% ﬁ’&h"-"s%'é‘éa gga:ﬂlér s used to take imag'gg %Ii%e process

from the Eggg_f%?dﬁﬁgpatiggr%ﬁggg%ﬁé}dsglqgs {g%l%élmint Lmfhcompletion of press- cﬂﬂg@ As a

result, it was found that press sta nder a state in which a separation mark did not face a molding

surface gfiall. [R&A%Ns)liketwoconcentriccircles(ani nnerconcentric
circleandanouterconcentriccircle)withascrib emadeofcemented
carbide or formed of diamond particles on a surface of a formed
glassblank,inordertoprocesstheformedglassb lankintoaring
shapehavingapredeterminedsize. Notethatashe armarkremaining
intheglassblankislocalizedinsidetheinnerco ncentriccircle.
The glass blank having scribed thereon the two conc entriccircles
ispartiallyheated,andtheoutsideportionofthe outerconcentric
circle and the inside portion of the inner concentr ic circle are
removed by virtue ofthe difference inthermal expa nsionofglass,
therebyyieldingadisk-shapedglasshavingaperfe ctcircleshape.
The removal of the inside portion of the inner conc entric circle
corresponds to the central hole-forming processing, and this

processing contributes to removing the shear mark.

[0164]

Theroughness ofthe main surface ofthe glassbla nkisl um
orless, and hence cutting lines canbe suitably pr ovided by using
ascriber. Note that, inthe case where the roughn essofthemain
surface ofthe glassblank exceeds 1 um, ascriber does notfollow
theirregularitiesothesurfaceandcuttingines cannotbeprovided
uniformly. Accordingly, afterthe mainsurface of theglassblank

is made smooth, scribing is performed.

[0165]
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(Comparative Example 4)

Each glass blank was manufactured in the same manner as that in

Example 1 except that the driving timing of shear blades 30A and 40 and the driving timing of press
molds 50 and 60 were differentiated fromeach other. The surface of each resultant glass blank was
observed to find that a shear mark was formed in a peripheral portion away from the center of the
glass blank. Thus, the shear mark was not able to be removed by carrying out only a central

hole-forming step. [0200]

from the end of the fothrtpeg?t;ié?se %f%rgo%a'n

result, it was fo 84}1

S
th

Note that a high-speed camera was used to take images of the process

lass gob 24 until the completion of press-molding. As a
&R @%Wﬁﬁ:%sg'geparation mark dﬁﬁnéo%]%%% a molding

I%\{fs{as manufactured {Qrtggrmparnanner as

ure o

i Ee T e R e G

a glass outlet
endportionandaninnerperipheralendportion).

the outer peripheral end portion and inner peripher
ofthering-shapedglassarechamferedwithadiamo
[0166]
Next,thedisk-shapedglassundergoesendsurface
Intheendsurfacepolishing,theinnerperipheral
and outer peripheral side end surface of the glass
finish by brush polishing. In this case, there is
includingfineparticlesofceriumoxideorthelik
grains. Theendsurfacepolishingremovescontamin
attachment of dust or the like and impair such as d
onorintheendsurfacesoftheglass. Asaresul
of ions of sodium, potassium, and the like causing
be preventedfromoccurring. Next,firstpolishing
onthe mainsurfaces ofthe disk-shapedglass. The
firstpolishingistoremoveflawsandstrainremai
surfaces.
[0167]
Amachiningallowanceremovedbythefirstpolishi
example,several umtoabout10
machining allowance is not required, and hence afl
the like due to the grinding step is not generated

Accordingly, the machining allowance in the first p
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12 was changed to a slightly larger one compared with the shape in Example 1 by adopting an
elliptical shape having a major axis of 30 mm and a minor axis of 10 mm as the shape of the aperture.
The surfaces of each resultant glass blank were observed to find that a shear mark was present in the
center of the glass blank, but part of the shear mark was present out of the area of the central hole
formed in a central hole-forming step. Thus, the shear mark was not able to be removed completely by
carrying out only the central hole-forming step. However, the shear mark was able to be removed

o RS oo o R AR o o =
hlgh-speggsﬁmgpaﬁ\gﬁwg?g?%}g_ -dgggm%%éfgpﬁgqgﬁg from the end of tligeéj%ﬁlaﬁlﬂg of a molten

glass gob 24 until the cormpletion of pre di s a result, it was confirmed that the molten glass

gob 24 ty RO ¥R BHW&%@'%&%@QH@%%%%‘F&{P@ kof4A which had beeppasiiipagd in an upper

surface of the molten glass gob 24 immediately after its separation with a pair of shear blades 30A and
40 contagiadRimaclHRDsiaag p2dsarylieranans@hie portions of the sugagerodiBpenolten glass
gob 24 at the time of the start of press-molding exemplified in FIG. 7. [0203] <Examples of second
aspect oyjpresemdnnergisizhingedmriter, the second aspect of the present invention is described in
more details based on examples, but the second aspect of the present invention is not limited to the
following examp|@$68)204]

The double-side polishing apparatus includes a pol

carrierfittingportionhavinganinternalgearand

are eachrotationally driven ata predetermined rot
alsoincludesanuppersurfaceplateandalowersu

are rotationally driven in opposite directionsto e
thepolishingcarrierfitting portionbeing sandwic
plates. On each surface facing a disk-shaped glass
surfaceplateandlowersurfaceplate,thepolishin
belowareattached. Eachpolishingcarrierfitted
witheachoftheinternalgearandthesungearper
gearmotion, thatis, revolvesaroundthe sungear

[0169]

The each polishing carrier holds a plurality of di

glasses. Theuppersurfaceplatesmovablenhe
andpresseseachpolishingpadontothefrontandb
ofeachdisk-shapedglass. Then,whileaslurry(p
containingpolishingabrasivegrains(polishingmat
suppliedthedisk-shapedglassandthepolishingp

owning to the planetary gear motion of the polishin
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(Example 1) Materials such as oxides, carbonates, nitrates, and hydroxide s were weighed and
mixed enough, yielding each blended material, so that glass having each of the compositions listed in
Table 2 is obtained. The blended material was fed into a melting tank in a glas s melting furnace , was
heated, and was melt . The re sultant molten glass was transferred from the melting tank to a fining
tank, and bubbles were removed in the fining tank. Further, the molten glass was transferred to an
operation tank, was stirred and homogenized in the operation tank, and was caused to flow out from a
glass efflyent pipe provided in the bottom portion of the pperation tank. The melting tank, the fining
ek, thel RO G0 UL SRS SHUBHE FIBLAC BEch under tempet QTS SRS, and the
ergsme molten glass

temperatglag%?\?g%ﬁ?gpgé eo@@éﬁo?{?t‘aae%bhec%@.an optimal state in ea%ssé

flowing out from t uent pipe was cast into a mold. The resultant glass was uséd as a

sample tﬂ]@ﬁﬁ‘%ﬁ&ié&ﬂﬁﬁmg%ﬁ&%%@%ﬁﬁd liguidus tempe@%gqﬁ)ﬁ%ﬁ@@d of measuring a

glass transition temperature and a method of measuring a liguidus temperature are mentioned below.

[0205] (L) @laspitansHionsepuraraty st Hiestpastransition temperature gefiiepeh aass was

measured by using a thermomechanical analyzer (INA). (2)Liquidus temperature

example, is used as the polishing pad and cerium ox ide abrasive
grains, for example, are used as the polishing mate rial.

[0170]

Next, the disk-shaped glass after the first polish ing is
subjected to chemical strengthening. Itis possibl etouse,asa

thechemicalstrengtheningsolution,forexample,a mixedsolution

ofpotassiumnitrate(60% )andsodiumnitrate(40%) . Inthechemical
strengthening, the chemical strengthening solution is heated to,
forexample, 300°Ct0400°C,andacleanedglassis pre-heatedto,
for example, 200°C to 300°C and then immersed in th e chemical

strengthening solution for, for example, 3 hoursto 4 hours. The

immersionispreferablyperformedunderastatein
of glasses are contained in a holder so asto be he
surfacessothatbothmainsurfacesofeachofthe
undergo chemical strengthening.
[0171]
Eachglassisimmersedinthechemicalstrengtheni
as described above, and as aresult, lithiumions a
in the surface layers of the glass are substituted
and potassium ions each having a relatively large i

the chemical strengthening solution, respectively,
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A glass sample was put in a platinum crucible and kept at a predetermined temperature for 2 hours.
After being taken out from the furnace, the glass sample was cooled and the presence or absence of
crystal precipitation was observed with a microscope. The lowest temperature at which crystals are not
observed was defined as a liquidus temperature (L. I.). Table 2 shows the glass transition
temperature and liquidus temperature of each glass. [0207] The each glass was used and each
glass blank was manufactured sequentially. The each glass blank was manufactured by the method

RS LS R Bearaptycr ot oo gy g so o o
Thus, the glass is strengthened and is provided wit h good impact
resistance. Note that the glass having undergone c hemical
strengthening treatment is cleaned. For example, t he glass is
cleanedwithsulfuricacidandthencleanedwithpu rewaterjsopropyl

alcohol (IPA), or the like.

[0172]

Next, the glass which has undergone chemical stren gthening
andhasbeencleanedsufficientlyissubjectedtos econdpolishing.
Amachiningallowanceremovedoythesecondpolishi ngsforexample,
aboutl um. The purpose of the second polishing is to finis hthe
mainsurfaceslike mirrorsurfaces. Inthesecond polishingstep,
thedisk-shapedglassispolishedbyusingadouble -sidepolishing
apparatus as in the first polishing step, but the ¢ omposition of
polishingabrasivegrainscontainedinapolishing liquid(slurry)
to be used and the composition of a polishing pad a re different
fromthose in the first one. Inthe second polishi ng step, there
are used polishing abrasive grains each havingasm aller diameter
andasofterpolishingpadcomparedwiththoseint hefirstpolishing
step. Forexample,inthesecondpolishingstep,a softftoamedresin
polisher,forexample,isusedasthepolishingpad ,andfinercerium
oxide abrasive grains than the cerium oxide abrasiv e grains used
inthefirstpolishingstep,forexample,areused asthepolishing
material. The disk-shaped glass polishedinthe se cond polishing
stepisagaincleaned. Inthecleaning,aneutral detergent, pure
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[0208] An elliptical shape having a major axis of 28 mm and a minor axis of 8 mm was adopted
as the shape of a glass outlet. Cutting of the molten glass flow was performed by shearing a falling
molten glass flow in the direction parallel to the major axis of the glass outlet with a pair of V-shaped
shear blades. Further, press mold bodies 5-1 and 6-1 and guide members 5-1 and 6-1 were made of
cast iron (FCD). [0209] The height of each press mold was adjusted so that the falling distance
from the po s ition at which the molten glass gob was separated to the position at which the molten
glass gob sEarted lgg ressed was controlled to 200mm or less. The time required from the start of
press untifFErdd sﬁbs \Hgg%ontrolled to 0.1 second or less and press pressure was set to about 6.7
MPa. Subseque@%?(je pressure was reduced, and while both the press-molding surfaces were
closely attached to glass, the glass was cooled for several seconds. Next, the press pressure was

released and thel’ﬁé%%%ﬂ?ﬂ%ﬁ%ﬁﬁﬁd{ﬁ@&?ﬁ%IHQ&@B‘@W&R%F’ to thereby release%géﬂlé%@ut a glass

blank. Note that, in the above-mentioned series of steps, temperature rise may be suppressed by
cooling thgsR derssininainginplingomedium. [0210] | nibgdisHnatab fdieseadty, thickness,
thickness deviation, and flatness of each resultant glass blank were measured by using a
three-dimenminsatfacastoinamadbi: An@ataicvameter . As a re suit, theudiRiyetesyeas 75 mm, the
circularity was within 0.5 mm, the thickness was 0.90 mm, the thickness deviation was 10 pm or less,
and the féetarssgwasclayer ardissn étuiattied Hes sidosieser/thickness ratio isfdetenagmedico be 83.3
based on the above-mentioned measurement results.

disk, and a magnetic disk is manufactured.

[0174]

Note that the chemical strengthening step is carri
between the first polishing step and the second pol
andthe orderofthese stepsisnotlimitedtothis
asthesecondpolishingstepiscarriedoutaftert
step,thechemicalstrengtheningstepcanbearbitr
For example, the order of the first polishing step,
polishing step, andthe chemical strengthening step
referred to as "routing 1") will do. Note that if
is adopted, surface irregularities that may be prod
chemicalstrengtheningsteparenotremoved andhe
istheroutingotthefirstpolishingstep theche
step, and the second polishing step in the stated o

[0175]

[Method of manufacturing magnetic recording medium]

Amethod of manufacturingamagneticrecordingmed
second embodiment is characterized in that a magnet

medium is produced by at least going through amagn
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[0211] The main surfaces of the each resultant glass blank were observed to find a trace of a
shear mark in the central portion of one of the main surfaces. The shear mark is localized in a circle
with a radius of 5 mm at the center of each glass blank, and the shear mark is removed completely
when a central hole with an inner diameter of 20 mm was formed. The glass blank is annealed to
reduce or remove strain. [0212] (Example 2) The glass blank manufactured in Example 1 was
used to apply scribe processing on a portion serving as an outer periphery of a magnetic disk

substrate and Portio serying as a central hole thereof. As a result of the processing,.two grooves
ooking IR S5 LT L ARG s e Next, YbBANAGARIG the portions
in which {ae il RIRGARANIASARRICHAIBRIYIEEE SRHSAtLC Mg along the eaghargpve

y the Sc the difference

produced ribe processing, by virtue o In thermal expansion of glass, and the

outside padian a0 Ry dFReiaR b L EARGR3MISHEGL are removed. ifgR ERRIhP

disk-shaped glass having a perfect circle shape and a ring shape is obtained, and the processing
completelynissanyena trace of a shear mark. [0213]

[0176]

Onthemainsurface ofamagneticrecordingmedium substrate
(glass substrate for a magnetic disk) manufactured by the method
describedabove,layerssuchasamagneticlayerar eformed,thereby
manufacturing a magnetic recording medium substrate (a magnetic
disk). For example, from the main surface side of the substrate,
anadherentlayer,asoftmagneticlayer,anon-mag neticundercoat
layer, a vertical magnetic recording layer, a prote ctive layer,
anddubricanfayerardaminatedsequentially. Theadherentayer,
inwhich, forexample,aCralloyisused,function sasanadhesion
layerwithaglasssubstrate. Inthesoftmagnetic layer forexample,
aCoTaZralloyisused. Inthe non-magnetic underc oatlayer, for
example, a non-magnetic granular layer is used. In the vertical
magnetic recording layer, for example, a magnetic g ranular layer
is used. Further, in the protective layer, a mater ial made of
hydrogen carbonis used, and in the lubricant layer , forexample,

a fluorine-based resin is used.

[0177]

Morespecifically aninline-typesputteringappar atussused
to form sequentially, on both main surfaces ofa gl ass substrate,
a CrTiadherent layer, a CoTaZr/Ru/CoTaZr soft magn etic layer, a
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Next, shape processing was applied to the disk-shaped glass by using chamfering or the like and its
end surfaces were polished. Then, after a first polishing is carried out on the main surfaces of the
disk-shaped glass, the glass is immersed in a chemical strengthening solution to perform chemical
strengthening. [0214] After the chemical strengthening, the glass was sulfficiently cleaned and
then subjected to a second polishing. After the second polishing process, the disk-shaped glass was
cleaned again and a glass substrate for a magnetic di sk was manufactured. The substrate had an

outer dia 65 mm, a central hoI diameter of 0 mm. a ss of 0.8 mm, a mai rface
flatness gT] ﬁ%%l 0y rgﬁ%ne Arcod fg(%] 8u%%%f%¥e5f% é‘hrﬂs Er%e ess. Thus, a mag t?é%je"cordmg
medium r e obtained with the lapping
step. [OZQ% %@gﬁg&%ﬁ%@&%‘gn suﬁtgécgey oBthe magnetic re d?r‘%g me %Pm substrate

(glass substriissf éﬂﬂ%}%% éﬁlﬂ?ﬁ’éﬁﬁﬁfz‘{ i Example 2, an inline; %%QH%mgpparatus

was used to form sequentially’a Orli adherent layer, a CoTaZr/Ru/CoTaZr soft magnetic layer, a

COCfS'OaWﬁ%@ﬁ%WH%tHBGV eRfhlyRaghEIPCrPt-Si02-1i02 Wam@m%layer and a
hydrogenated carbon protective layer, and then, a perfluoropolyether lubricant layer was formed on the

uppermoghkyiestitydigiip method, yielding a magnetic recording medium (magnetic disk) . The thus
obtained magnetic disk was incorporated into a hard disk drive, and its movement was checked to find
that the magnetic disk had desired performance.

Examples
[0178]

<Examples of first aspect of the present invention>

Hereinafter, the first aspect of the present inven tion is
described in more detail based on examples, but the first aspect
ofthe presentinventionisnotlimitedtothefoll owingexamples.

[0179]

(Example 1)

-Manufacture and evaluation of glass blank-

Materialssuchasoxides carbonates nhitratesan dhydroxides
were weighed and mixed enough, yielding each blende d material, so
that glass having each of the compositions listed i n Table 1 is
obtained. The blended material was fed into a melt ing tank in a
glasameltingurnacewasheatedandvasmelt. T heresultantmolten
glass was transferred from the melting tank to a fi ning tank, and
bubbleswereremovedinthefiningtank. Further, themoltenglass
was transferred to an operation tank, was stirred a nd homogenized
intheoperationtank,andwascausedtoflowoutf romaglasseffluent
pipe provided in the bottom portion of the operatio n tank. The
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Claims [Claim 1] A method of manufacturing a glass blank, comprising at least: forming a molten
glass gob by separating a forward end portion of a molten glass flow flowing out continuously; and
after the forming of the molten glass gob, press-molding the molten glass gob dropping down with a
first press mold and a second press mold arranged facing each other in a direction crossing a direction
in which the molten glass gob drops down, wherein: the press-molding is carried out so that the
molten glass gob is brought into contact with at least one molding surface selected from a molding

f f the fi Id and [o] f f th d Id faci [
i, iR CAATEIR T LRk FRORETATRE gob curing the separdlb BFIE Sorward ond
portion o&fﬁ%ﬁ%ﬁ%\gm%ggwuﬁagﬁreﬁﬁ?gtmgé%ﬁ&&pe separation markgﬁaﬁtﬂ'éee%EWast one

molding su one sheet o ass blank'is used for production of one sheet of a

magnetiGJRRUAIhBEHNEHISHRRR2 OB RBBIALASS: nd viscosity

ofthe moltenglasswereeachcontrolledinaprede
The moltenglassflowing outfromthe glass effluen
into a mold and molded into glass. The resultant g
asasampletomeasureitsglasstransitiontempera
temperature. Amethodofmeasuringaglasstransit
andamethodofmeasuringaliquidustemperaturear

[0180]
(1) Glass transition temperature Tg

TheglasstransitiontemperatureTgofeachglass
by using a thermomechanical analyzer (TMA).
(2) Liquidus temperature

A glass sample was putin a platinum crucible and
predeterminedtemperaturefor2hours. Afterbeing
thefurnace,theglasssamplewascooledandthepr
ofcrystalprecipitationwasobservedwithamicros
temperature at which crystals were not observed was
liquidus temperature (L. T.).

Table 1 showsthe glass transitiontemperature and

temperature of each glass.

101

terminedrange.
tpipe was cast
lass was used
tureandliquidus
iontemperature

ementionedbelow.

wasmeasured

keptata
takenoutfrom

esenceorabsence
cope. Thelowest

defined as a

liquidus



[Claim 2] A method of manufacturing a glass blank according to claim 1 , wherein: the forming of
the molten glass gob is carried out by separating a forwardendportion of amolten glass flow flowing out
continuously toward a vertical downward direction; and the press-molding includes carrying out
applying an external force to at least one glass material to be press-molded selected from:

(1) the forward end portion of the molten glass flow to be separated as the molten glass gob during the
forming of the molten glass gob; and (2) the molten glass gob dropping down in a period just
after completion Eagﬁ forming of the molten glass gob to just before start of the press-molding, from a
direction crossin[g rtical direction so that a vector sum of forces acting in a direction perpendicular
to a central axisl;?!amg %Ifss material to be press-molded parallel to the vertical direction substantially
exceeds 0, in order to rotate the molten glass gob so that the molten glass gob can be brought into

conta¢t with at least one molding surface selected from ﬂN@-bnch:ﬁrig MNet3ceNst. theNirdt phNs§ mold arjd
the mpldinggigdace of the second p&ies, mold facing a|separafiopgmarkes whiches forrged ongn uppel
surfagecofresitimiten glass-gob dwiNHz“lc separating of the-forwgrd-epdsportipg-of theggmolteyrglas-s
flow, Under a state in .tvh.ich..the..sepa-ratign...m.ark...f.aees...th.e..%\t.-.l.east.-o.ne. molding.surfade. A
Li 1 8 14 4 D 1%
Na,O 10 11 5 6 ] 8.%
K,O 0 0.2 0 n 6 0
Li ,O+NgO+KO 22 |19.2 (19 11 9 10
MgO 0 1 0 0 6.5 4
CaO 0 1.8 13 18 13 13
SrO 0 0 0 D 0 0
BaO 0 0 0 3 ( 0
ZnO 0 0 0 D d 0
MgO+CaO+SrO+BaO+Zn0O 0 2.8 13 16 195 17
ZrO , 3 1 5 4 5 4
TiO , 0 0 0 0 0 0
La ,0; 0 0 0 0 0 0
Y .0, 0 0 0 0 0 (]
Yb 0, 0 0 0 0 0 (]
Ta .G 0 0 0 0 0 0
Nb .G 0 0 0 0 0 0
HfO , 0 0 0 0 0 (]
ZrO ,+TiO ,+La 0, +Y, O+ 3 1 5 4 5 4
Ta205+Nb205+Hf02
Total (mol%) 100 100 100| 100 | 100 |100
SnO, (mass%, outer 0.6 0.6 0.6 0.6 0.6 0.6
percentage)
Ce0, (mass%, outer 0.4 0.4 0.4 0.4 0.4 0.4
percentage)
Sn0,+CeQ 1.0 1.0 1.0 1.0 1.0 1.0
(mass%, outer percentage)
SnO,/(SnO ,+CeQ) 06 (06 06 04 06| 0.6
(mass ratio)
Properties Vigcosity (dPa -s)ofglass 650 |1000 |50 850 10p0 1000
at 1250°C
Liquidus temperature (°C) 840 |920 1000 1080 1180 121p
Glass transition 500 |505 [535 @65 700 633
temperature (°C)
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[Claim 3] A method of manufacturing a glass blank according to claim 2, wherein: a cross-section
near the forward end portion of the molten glass flow in a plane surface perpendicular to a direction in
which the molten glass flow drops down has a substantially elliptical shape having a major axis and a
minor axis; and the separating of the forward end portion of the molten glass flow is carried out by
allowing a pair of shear blades to penetrate the molten glass flow from a direction substantially
perpendicular to the direction in which the molten glass flow drops down and substantially identical to
a major axis dirﬁg jan.of the cross-section near the forward end portion of the molten glass flow and
from a direction ;tj@ éite each other and crossing a vertical direction. [Claim 4] Amethod of

manufacturing aglass (g AEN YN LtRIL 6P SsMBREERd pr operties
shown in Table 1 was used and each glass blank was manufactured
sequentially. Theeachglassblankwasmanufacture dbythemethod
illustrated in FIG. 1to FIG. 11. Inthis case, th e viscosity of
a molten glass flow 20 was adjusted so as to be con stant in the
range of 500 to 1,050 dPa -S.

[0183]

Anelliptical shape havingamajor axisof28mma nd aminor
axis of 8 mm was adopted as the shape of the apertu re of a glass
outlet 12. Cutting of the molten glass flow 20 was performed by
shearing afalling molten glass flow 20 in the dire ction parallel
tothemajoraxisoftheglassoutlet12withapai rofshearblades
30A and 40 in which blade portions 34 and 44 each h ad a 'V shape.
Further, press mold bodies 52 and 62 and guide memb ers 54 and 64
both forming press molds 50 and 60, respectively, w ere each made

of cast iron (FCD).

[0184]

Next, after the falling distance was fixed to 150 mm, a
high-speed camera was used to monitor how a molten glass gob 24
was falling. Further, the driving timing of the sh ear blades 30A
and 40 and the driving timing of the press molds 50 and 60 were
adjusted so that press-molding was able to be carri ed out under
a state in which a separation mark 24A faced a mold ing surface.
Then, after such conditions were set, press-molding was carried
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the separating of the forward end portion of the molten glass flow is carried out by allowing a pair of
shear blades to penetrate the molten glass flow from a direction substantially perpendicular to a
direction in which the molten glass flow drops down and from a direction opposite each other and
crossing a vertical direction; and a cutting portion of each of the pair of shear blades is branched and
has any one shape selected from a V-shape and a U-shape. [Claim 5] A method of manufacturing a
glass blank according to any one of claims 1 to 4, wherein the separation mark, which is present

h f f h I befor h [di itioned
craight T CONPELIE A AT e b RE BT ARAL 50 to 2y one molding ST Selected.

from the rn%gg&%&mﬁ%e thﬁ éﬁlﬁéﬁrm%%%%the molding surface of. H@esﬁ?ﬁ%%dsﬂ ress mold in a

shortest

di
andtheguidesurface64Acompletelycameintocont

stance

inFIG. 9was controlledto 0.1 second orless, and
wassettoabout6.7MPa. Next,whilethestateil

9 was being maintained, the press pressure was redu
astateinwhichthemoldingsurfaces52Aand62Aw

to athin flat glass 26 was being kept, the thinfl

cooled for several seconds. Although the thin flat
contractedinthecoolingprocess,whilethepress

to follow the contract of the thin flat glass so th

betweenthe glass andthe press-molding surfaces we

the thin flat glass were cooled. Next, the press p

released and the first press mold 50 and the second

actasillustrated
presspressure
lustratedinFIG.
ced, and while
erecloselyattached
atglass 26 was
glass
moldswerecaused
atthe contact
re maintained,
ressure was

press mold 60

were detached from each other as illustrated in FIG .10 and FIG.
11, to thereby demold and take out the thin flat gl ass 26, that
is, a glass blank.

[0185]

The diameter, circularity, thickness, thickness de viation,

and flatness of each resultant glass blank were mea
ahree-dimensionalmeasuringmachineandamicrome

in any of the glass blanks made of glass No. 1to N
Table 1, the diameter was 75 mm, the circularity wa
mm, the thickness was 0.90 mm, the thickness deviat

or less, and the flatness was 4
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[Claim 6] A method of manufacturing a glass blank according to any one of claims 1 to 5, wherein

the press-molding is carried out so that the molten glass gob is completely extended by pressure
between the molding surface of the first press mold and the molding surface of the second press mold
and is molded into a flat glass, in which at least a region in contact with the flat glass in each of
the molding surface of the first press mold and the molding surface of the second press mold forms a
flat surface. [Claim 7] A method of manufacturing a magnetic recording medium substrate,

oS A A A AR AR BRI RS e

ratio of 83.3.

[0186]

In addition, the main surfaces of the each resulta
blank were observed to find a shear mark in the cen
ofoneofthemainsurfaces. Theshearmarkwaslo
with a radius of 15 mm at the center of each glass
was found that the shear mark was able to be remove
when a central hole with an inner diameter of 20 mm
the time of manufacturing a magnetic recording medi
Notethattheresultantglassblankwasannealedto
strain.

[0187]

Notethatahigh-speed camerawas usedtotakeima
process from the end of the formation of the molten
until the completion of the press-molding. As a re
confirmedthatthemoltenglassgob24turnedby90
and the separation mark 24A which had been position
surfaceofthemoltenglassgob24immediatelyafte
withapairofthe shearblades30Aand40wasbrou
with the molding surface 62A earlier than any of th
the surface of the molten glass gob 24 at the time
of press-molding exemplified in FIG 7.

[0188]

—Manufactureandevaluationofmagneticrecordingm
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forming a molten glass gob by separating a forward end portion of a molten glass flow flowing out
continuously; and after the forming of the molten glass gob, press-molding the molten glass
gob dropping down with a first press mold and a second press mold arranged facing each other in a
direction crossing a direction in which the molten glass gob drops down; and then manufacturing
one sheet of a magnetic recording medium substrate from one sheet of the glass blank, including at
least: forming a central hole at a central portion of a main surface of the glass blank; and

lishing the main surface, i th _molding s carried out so that the molten gl b
< brought into CONAct TR 30Tk BARYRSTTS SOV SEIL LB & Holding surface oPfe st

' ss mold faci | ich is formed
o & s T G A S B eI o e forward L7 AETRL e molton
glass floye e G AR RS SERYSHIM Beirigass the at least ong, malgiagsytace.

thereof. Asaresultof the processing, two groove slooking like

concentric circles were formed outside and inside. Next, by

partially heating the portionsinwhich the scribe processingwas

applied,crackswerecausedtooccuralongtheeach grooveproduced
by the scribe processing, by virtue of the differen ce in thermal
expansion of glass, and the outside portion and ins ide portion of

theouterconcentriccirclewereremoved. Asares ult,adisk-shaped

glasshaving aperfectcircle shapeandaringshap ewasobtained,
and the processing completely removed a shear mark.
[0189]

Next, shape processing was applied to the disk-sha pedglass

byusingchamferingorthelikeanditsendsurface
Then, afterafirstpolishingwas carried outonth
of the disk-shaped glass, the glass was immersed in
to perform chemical strengthening.

[0190]

Afterthe chemical strengthening, the disk-shaped
sufficientlycleanedandhensubjectedoasecond
the second polishing process, the disk-shaped glass
againand amagnetic recording medium substrate was
The magnetic recording medium substrate had an oute

65 mm, a central hole diameter of 20 mm, a thicknes
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[Claim 8] A method of manufacturing a magnetic recording medium, comprising: manufacturing a glass
blank, including at least: forming a molten glass gob by separating a forward end portion of a molten
glass flow flowing out continuously; and after the forming molten glass gob, press-molding
the molten glass gob dropping down with a first press mold and a second press mold arranged facing
each other in a direction crossing a direction in which the molten glass gob drops down;

manufacturing one sheet of a magnetic recording medium substrate from one sheet of the glass blank,
including_at least: for(r)’r?ipg a central hole at a ceagrarl]laﬁortio of a main surface of the glass

ainsurfaceflatness morless,an nsurfaceroughness
blank; anaHn H 9

of 0.2 nm or less.

[0191]
—NManufacture and evaluation of magnetic recording m edium—
On both main surfaces of the magnetic recording me dium
substrate manufactured, an inline-type sputtering a pparatus was

CoTaZr/Ru/CoTazr

usedtoformsequentiallyaCrTiadherentlayer,a
softmagnetidayeraCoCrSiO
aCoCrPt-SiO
protective layer, and then, a perfluoropolyether lu
wasformedontheuppermostlayerbyadipmethod,
recordingmedium(magneticdisk). Thethusobtaine
wasincorporatedintoaharddiskdrive,anditsmo
to find that the magnetic disk had desired performa
[0192]
(Comparative Example 1)
Eachglassblankwasmanufacturedinthe samemann
inExample 1 exceptthattwo strike-type bladesfor
glass by striking their tips to each other were use
amoltenglassgob. Notethattheabove-mentioned
blade does not include such a pressing member as pr
sheabladeusednExamplel. Thediametercircu
thickness deviation, and flatness of each resultant
were measured by using a three-dimensional measurin

amicrometer. Asaresult,inanyoftheglassbla
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polishing the main surface; and then manufacturing a magnetic recording medium, including at least
forming a magnetic recording layer on a main surface of the magnetic recording medium substrate,
wherein the press-molding is carried out so that the molten glass gob is brought into contact with
at least one molding surface selected from a molding surface of the first press mold and a molding
surface of the second press mold facing a separation mark, which is formed on a surface of the molten
glass gob during the separating of the forward end portion of the molten glass flow, under a state in

which th?\l%.eﬂgl(%ig%rgv%i(nfﬁacb Sémﬁe%tlé?ﬁlg{e?\?v%s@ olding surface. 5mm thecircularity

waswithint0.5mm thethicknesswas0.90mm the thicknessdeviation
was 10 um or less, and the flathess was 4 um or less. Note that
the above-mentioned measurement results vyielded tha t the

diameter/thickness ratio was 83.3.

[0193]

Inaddition, the resultant glass blank was observe dtofind
ashearmark. Theshearmarkwaslocalizedonthe outerperipheral
end surface and the main surface in the vicinity th ereof, and it
was found that the shear mark was able to be remove d completely
when a central hole with an inner diameter of 20 mm was formed at
the time of manufacturing a magnetic recording medi um substrate.
Inaddition,unlessalappingstepwascarriedout basedonagrinding
allowance of about 50 pm at the time of manufacturing a magnetic
recordingmediumsubstrate theshearmarkwasnot abletoberemoved
completely.

[0194]

Notethatahigh-speed camerawas usedtotakeima gesofthe
processfromtheendoftheformationofamolteng lassgob24until
the completion of press-molding. As a result, it w as found that
themoltenglassgob24turnednsufficientlyand hencepressstarted
before a separation mark 24A faced a press-molding surface.

[0195]

(Comparative Example 2)

A molten glass gob was separated by using cross-ty pe shear
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bladesasinExamplel. Notethateachglassblank
inthe same manner as thatin Example 1 exceptthat
was carried out in a state in which the movement di
pair of shear blades and the movementdirection of
molds were significantly differentiated from each o
of asubstantially parallel state. The surface of
glass blank was observed to find that a shear mark
aperipheralportionawayfromthecenteroftheg|
the shear mark was not able to be removed by carryi
central hole-forming step.

[0196]

Notethatahigh-speed camerawas usedtotakeima
processfromtheendoftheformationofamolteng
the completion of press-molding. As a result, it w
press started in a state in which a separation mark
a molding surface at all.

[0197]
(Comparative Example 3)

Eachglassblankwasmanufacturedinthe samemann
in Example 1 except that the falling distance was ¢
mm. Thesurfaceofeachresultantglassblankwas
thatashear markwasformedinaperipheral portio
center of the glass blank. Thus, the shear mark wa
be removed by carrying out only a central hole-form

[0198]
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Notethatahigh-speed camerawas usedtotakeima
processfromtheendoftheformationofamolteng
the completion of press-molding. As a result, it w
pressstartedunderastateinwhichaseparationm
a molding surface at all.

[0199]

(Comparative Example 4)

Eachglassblankwas manufacturedinthe samemann

in Example 1 except that the driving timing of shea
and 40 and the driving timing of press molds 50 and
differentiatedfromeachother. Thesurfaceofeac
blankwasobservedtofindthatashearmarkwasfo
portion away from the center of the glass blank. T
mark was not able to be removed by carrying out onl
hole-forming step.

[0200]

Notethatahigh-speed camerawas usedtotakeima
processfromtheendoftheformationofamolteng
the completion of press-molding. As a result, it w
pressstartedunderastateinwhichaseparationm
a molding surface at all.

[0201]

(Example 2)

Eachglassblankwasmanufacturedinthe samemann

inExample 1exceptthattheshapeoftheaperture
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12 was changed to a slightly larger one compared wi
in Example 1 by adopting an elliptical shape having
of 30 mm and a minor axis of 10 mm as the shape of
The surfaces of each resultant glass blank were obs
that a shear mark was present in the center of the
butpartoftheshearmarkwaspresentoutofthea

hole formed in a central hole-forming step. Thus,
wasnotabletoberemovedcompletelybycarryingo
hole-formingstep. However,the shearmarkwasabl
completely by carryingoutalappingstep. Noteth
amountinthelapping stepwasasverysmallas30

50 um in Comparative Example 1.

[0202]

Notethatahigh-speed camerawas usedtotakeima
processfromtheendoftheformationofamolteng
thecompletionofpress-molding. Asaresult,itw
themoltenglassgob24turnedby90°duringfallin
mark24Awhichhadbeenpositionedinanuppersurf
glassgob 24immediately after its separation with
blades 30A and 40 contacted amolding surface 62Ae
of the portions of the surface of the molten glass
time of the start of press-molding exemplified in F

[0203]
<Examples of second aspect of present invention>

Hereinafter, the second aspect of the presentinve
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describedinmore details based onexamples, butth
ofthe presentinventionisnotlimitedtothefoll
[0204]
(Example 1)
Materialssuchasoxidescarbonates hitratesan
were weighed and mixed enough, yielding each blende
that glass having each of the compositions listed i
obtained. The blended material was fed into a melt
glasgmeltingurnacewasheatedandvasmelt. T
glass was transferred from the melting tank to a fi
bubbleswereremovedinthefiningtank. Further,
was transferred to an operation tank, was stirred a
intheoperationtank,andwascausedtoflowoutf
pipe provided in the bottom portion of the operatio

melting tank, the fining tank, the operation tank,

effluent pipe were each under temperature control,

temperature andviscosity ofthe glass are each kep
state in each step. The molten glass flowing out f
effluent pipe was castinto a mold. The resultant
asasampletomeasureitsglasstransitiontempera
temperature. Amethodofmeasuringaglasstransit
andamethodofmeasuringaliquidustemperaturear
[0205]
(1) Glass transition temperature Tg

TheglasstransitiontemperatureTgofeachglass
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by using a thermomechanical analyzer (TMA).
(2) Liquidus temperature

A glass sample was putin a platinum crucible and
predeterminedtemperaturefor2hours. Afterbeing
thefurnace,theglasssamplewascooledandthepr
ofcrystalprecipitationwasobservedwithamicros
temperature at which crystals are not observed was
liquidus temperature (L. T.).

Table 2 showsthe glass transitiontemperature and

temperature of each glass.
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[0206]

[Table 2]
No.1 |No.2 0.3 Nqg4 No.5 No.6
Glass SiO, 66 68 61 64 6 64
composition Yo 9 9 5 E s E
Li ,O 12 8 14 4 D 15
Na,O 10 11 5 6 3 8.5
K,O 0 0.2 0 il g 0
Li ,O0+NgO+KO 22 |19.2 {19 11 9 10
MgO 0 1 0 0 6/5 4
CaO 0 1.8 |3 18 13 13
SrO 0 0 0 D 0 0
BaO 0 0 0 3 ( 0
ZnO 0 0 0 0 d 0
MgO+CaO+SrO+BaO+Zn0O 0 2.8 13 16 195 17
ZrO , 3 1 5 4 5 4
TiO , 0 0 0 0 0 )
La ,0; 0 0 0 0 0 )
Y .0 0 0 0 0 0 )
Yb .0 0 0 0 0 0 )
Ta ,G 0 0 0 0 0 )
Nb O 0 0 0 0 0 )
HfO , 0 0 0 0 0 )
ZrO ,+TiO ,+La,0;+Y,0s+ 3 1 5 4 5 4
Ta,O+Nb,O+HfO,
Total (mol%) 10p 100 100| 100 | 100 |100
SnO, (mass%, outer 0.6 0.6 0.6 0.6 0.6 0.6
percentage)
Ce0, (mass%, outer 0.4 0.4 0.4 0.4 0.4 0.4
percentage)
Sn0O,+CeQ 1.0 1.0 1.0 1.0 1.0 1.0
(mass%,outerpercentage)
Sn0O,/(SnO ,+Ce0) 06 |06 Q6 046 06| 06
(mass ratio)
Properties Vigcosity(dPa -s)ofglass 650 (1000 |50 850 10650 1000
at 1250°C
Liquidustemperature(°C) 840 |[920 1000 1p80 1180 121PD
Glass transition 500 | 505 |535 665 700 638
temperature (°C)
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[0207]

Theeachglasswasusedandeachglassblankwasm

sequentially. Theeachglassblankwasmanufacture
illustratedin FIG. 13toFIG. 22. Inthiscase, t
amolten glass flowwas adjusted so as to be consta
of 500 to 1,050 dPa -S.

[0208]

Anelliptical shape havingamajor axisof28mma
axis of 8 mm was adopted as the shape of a glass ou
ofthemoltenglassflowwasperformedbyshearing
glassflowinthedirectionparalleltothemajora
outlet with a pair of V-shaped shear blades. Furth
bodies 5-1 and 6-1 and guide members 5-1 and 6-1 we
iron (FCD).

[0209]

Theheightofeachpressmoldwasadjustedsothat
distancefromthepositionatwhichthemoltenglas
to the position at which the molten glass gob start
wascontrolledto200mmorless. Thetimerequire
of press until mold closing was controlledto 0.1 s
and press pressure was set to about 6.7 MPa. Subse
pressure was reduced, and while both the press-mold
were closely attached to glass, the glass was coole
seconds. Next,thepresspressurewasreleasedand

were detached from each other, to thereby release a
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glass blank. Note that, in the above-mentioned ser
temperature rise may be suppressed by cooling the p
using a cooling medium.

[0210]

The diameter, circularity, thickness, thickness de
and flatness of each resultant glass blank were mea
ahree-dimensionalmeasuringmachineandamicrome
the diameter was 75 mm, the circularity was within

thickness was 0.90 mm, the thickness deviation was

ies of steps,

ress molds by

viation,
sured by using
ter. Asresult,
+0.5 mm, the

10 umorless,

andtheflathesswas4 umorless. Notethatthediameter/thickness

ratio is determined to be 83.3 based on the above-m
measurement results.

[0211]

The main surfaces of the each resultant glass blan
observed to find a trace of a shear mark in the cen
ofoneofthemainsurfaces. Theshearmarkisloc
with a radius of 5 mm at the center of each glass b
shearmarkisremoved completelywhenacentral hol
diameterof20mmwasformed. Theglassblankisa
or remove strain.

[0212]

(Example 2)

The glass blank manufactured in Example 1 was used

scribe processing on a portion serving as an outer

amagnetic disk substrate and a portion serving as
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thereof. Asaresultofthe processing, two groove
concentriccirclesareformedoutsideandnside.
heating the portions in which the scribe processing
cracks were caused to occur along the each groove p
scribeprocessing,byvirtueofthedifferenceint
of glass, and the outside portion and inside portio
concentric circle are removed. As a result, a disk
having a perfect circle shape and a ring shape is o
the processing completely removes a trace of a shea
[0213]
Next, shape processing was applied to the disk-sha
byusingchamferingorthelikeanditsendsurface
Then, after afirst polishing is carried out on the
of the disk-shaped glass, the glass is immersed in
strengthening solution to perform chemical strength
[0214]
Afterthechemicalstrengthening,theglasswassu
cleanedandthensubjectedtoasecondpolishing.
polishing process, the disk-shaped glass was cleane
glasssubstrateforamagneticdiskwasmanufacture
had an outer diameter of 65 mm, a central hole diam
a thickness of 0.8 mm, a main surface flatness of 4
and a main surface roughness of 0.2 nmorless. Th
recording medium substrate having a desired shape w

obtained without carrying out the lapping step.

117

slooking like
Nextbypartially
was applied,

roduced by the
hermalexpansion

n of the outer
-shaped glass
btained, and

r mark.

pedglass
swerepolished.
main surfaces
a chemical

ening.

fficiently
Afterthesecond
dagainand a
d. Thesubstrate
eter of 20 mm,
um or less,
us, a magnetic

as able to be



[0215]

(Example 3)

On both main surfaces of the magnetic recording me dium
substrate (glass substrate for magnetic disk) manuf actured in
Example 2, an inline-type sputtering apparatus was used to form
sequentiallyaCrTiadherentlayer,aCoTaZr/Ru/CoT aZrsoftmagnetic

layer, a CoCrSiO 2 nhon-magnetic granular undercoat layer, a

CoCrPt-SiO ,-TiO ;magneticgranularlayer,andahydrogenatedcarbon

protective layer, and then, a perfluoropolyether lu bricant layer
wasformedontheuppermostiayerbyadipmethod, yieldingamagnetic
recordingmedium(magneticdisk). Thethusobtaine dmagneticdisk
wasincorporatedintoaharddiskdrive,anditsmo vementwaschecked
to find that the magnetic disk had desired performa nce.
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Claims

[Claim 1] A method of manufacturing a glass blank,
least:
formingamoltenglassgobbyseparatingaforward
of a molten glass flow flowing out continuously; an
aftertheformingofthemoltenglassgob, press-m
moltenglassgobdroppingdownwithafirstpressm
press mold arranged facing each other in a directio
direction in which the molten glass gob drops down,
wherein:
thepress-moldingiscarriedoutsothatthemolte
isbroughtinto contactwith atleastone moldings
fromamoldingsurfaceofthefirstpressmoldand
ofthe second press moldfacing aseparation mark,
on a surface of the molten glass gob during the sep
forwardendportionofthemoltenglassflow,under
the separation mark faces the at least one molding
one sheet of the glass blank is used for productio
sheet of a magnetic recording medium substrate havi

hole.

[Claim2]Amethodofmanufacturingaglassblanka
11

wherein:
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theformingofthemoltenglassgobiscarriedout byseparating
aforwardendportionofamoltenglassflowflowin goutcontinuously

toward a vertical downward direction; and

thepress-moldingincludescarryingoutapplyinga nexternal
force to at least one glass material to be press-mo |ded selected
from:
(1) the forward end portion of the molten glass f low
to be separated as the molten glass gob during the forming of the

molten glass gob; and
(2)themoltenglassgobdroppingdowninaperio djust
after completion of the forming of the molten glass gob to just

before start of the press-molding,

from a direction crossing a vertical direction so t hat a vector
sumofforcesactinginadirectionperpendiculart oacentralaxis

of the glass material to be press-molded parallel t othe vertical
direction substantially exceeds 0, in order to rota te the molten
glass gob sothatthe molten glass gob canbe broug htinto contact
withatleastonemoldingsurfaceselectedfromthe moldingsurface
ofthefirstpressmoldandthe molding surface of thesecondpress
mold facing a separation mark, whichisformedona nuppersurface
of the molten glass gob during the separating of th e forward end
portionotthemoltenglassflow,underastatein whichtheseparation

mark faces the at least one molding surface.

[Claim3]Amethodofmanufacturingaglassblanka ccordingtoclaim
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wherein:

a cross-section near the forward end portion of th
glassflowinaplanesurfaceperpendiculartoadi
the molten glass flow drops down has a substantiall
shape having a major axis and a minor axis; and

theseparatingoftheforwardendportionofthem
flowiscarriedoutbyallowingapairofshearbla
themoltenglassflowfromadirectionsubstantiall
to the direction in which the molten glass flow dro
substantially identical to a major axis direction o
cross-sectionneartheforwardendportionofthem
and from a direction opposite each other and crossi

direction.

[Claim4]Amethodofmanufacturingaglassblanka
2o0r3,
wherein:
theseparatingoftheforwardendportionofthem
flowiscarriedoutbyallowingapairofshearbla
themoltenglassflowfromadirectionsubstantiall
to adirection in which the molten glass flow drops
adirectionoppositeeachotherandcrossingavert
and

acuttingportionofeachothepairofshearbla
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and has any one shape selected from a V-shape and a

[Claim 5] Amethod of manufacturingaglass blank a
one of claims 1 to 4,

wherein

the separation mark, whichis present on the surfa
molten glass gob just before carrying out the press
positioned on a straight line connecting a central
moltenglassgobtoanyonemoldingsurfaceselecte
surfaceofthefirstpressmoldandthemoldingsur

press mold in a shortest distance.

[Claim 6] Amethod of manufacturingaglass blanka
one of claims 1 to 5,

wherein

thepress-moldingiscarriedoutsothatthemolte
is completely extended by pressure between the mold
the first press mold and the molding surface of the
mold and is molded into a flat glass, in which

atleastaregion in contact with the flat glassii
themoldingsurface ofthefirstpressmoldandthe

of the second press mold forms a flat surface.

[Claim 7] A method of manufacturing a magnetic reco

substrate, comprising:
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manufacturing a glass blank, including at least:

formingamoltenglassgobbyseparatingaforwar dend
portion of a molten glass flow flowing out continuo usly; and
aftertheformingofthemoltenglassgob press- molding
the molten glass gob dropping down with a first pre ss mold and a
secondpressmoldarrangedfacingeachotherinad irectioncrossing
a direction in which the molten glass gob drops dow n; and then
manufacturing one sheet of a magnetic recording me dium
substrate from one sheet of the glass blank, includ ing at least:
forming a central hole at a central portion of a main

surface of the glass blank; and

polishing the main surface,

wherein

thepress-moldingiscarriedoutsothatthemolte nglassgob
isbroughtinto contactwith atleastone moldings urfaceselected
fromamoldingsurfaceofthefirstpressmoldand amoldingsurface
ofthe second press moldfacing aseparation mark, whichisformed
on a surface of the molten glass gob during the sep arating of the
forwardendportionofthemoltenglassflow,under astateinwhich
the separation mark faces the at least one molding surface.
[Claim 8] A method of manufacturing a magnetic reco rding medium,
comprising:

manufacturing a glass blank, including at least:

formingamoltenglassgobbyseparatingaforwar dend
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portion of a molten glass flow flowing out continuo usly; and

afterthe forming molten glass gob, press-molding the
moltenglassgobdroppingdownwithafirstpressm oldandasecond
press mold arranged facing each other in a directio n crossing a

direction in which the molten glass gob drops down;

manufacturing one sheet of a magnetic recording me dium
substrate from one sheet of the glass blank, includ ing at least:
forming a central hole at a central portion of a main

surface of the glass blank; and
polishing the main surface; and then
manufacturingamagneticrecordingmedium,includi ngatleast
forming a magnetic recording layer on a main surf ace

of the magnetic recording medium substrate,

wherein

thepress-moldingiscarriedoutsothatthemolte nglassgob
isbroughtinto contactwith atleastone moldings urfaceselected
fromamoldingsurfaceofthefirstpressmoldand amoldingsurface
ofthe second press moldfacing aseparation mark, whichisformed
on a surface of the molten glass gob during the sep arating of the
forwardendportionofthemoltenglassflow,under astateinwhich
the separation mark faces the at least one molding surface.
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