PRESS MOLDING DIE AND METHOD OF MANUFACTURING THE
SAME, AND MAGNETIC DISK GLASS SUBSTRATE BACKGROUND
OF THE INVENTION 1. Field of the Invention [0001] The present
invention relates to a press molding die used in press molding of a glass

PREeTiR) forRizfainiey ANDagratifonsorolppiehstair pPutherlite. Same, AND

method of manufacturing the press molding die, and a magnetic disk
glass substrate mgagiacityed pysirg dhegressypsttigreie. 2. Description
of the Related Art 0002] With magnetic disk apparatuses, for which it is
desired to increase the recording density and reduce the cost, random
access is realized by scanning with a head flying just above a magnetic
disk (magnetic rec@prkworediiM)oPtatige aNvENspesd. To achieve both
high recording density and high-speed access, it Is required to increase
1. theRFpetionafspgrs ahthermedonetic disk, and decrease the gap between
the magnetic disk and the head (the head flying height). Conventionally,
[000mgst magnetic disk substrates have been substrates obtained by plating
an Al alloy plate with Ni-P. However, in recent years, in particular for
mobhe npagrstic didnappdratusasshates enuaredrted® stodaki nesisthat,used
there has been an increasing demand to use, as magnetic disk
in psaeissraebdglgsodlibsgd@sshaateva abfagiditytanh ing a magnetic disk

glass substrate or the like, a method of manufacturing the press
molding die, and a magnetic disk glass substrate manufactured
using the press molding die.

2. Description of the Related Art

[0002]

With magnetic disk apparatuses, for which it is desired to
increase the recording density and reduce the cost, random access
is realized by scanning with a head flying just above a magnetic
disk (magnetic recording medium) rotating at high speed. To
achieve both high recording density and high-speed access, it is
required to increase the rotational speed of the magnetic disk,
and decrease the gap between the magnetic disk and the head (the
head flying height). Conventionally, most magnetic disk
substrates have been substrates obtained by plating an Al alloy
plate with Ni-P. However, In recent years, in particular for
mobile magnetic disk apparatuses that are required to be shock
resistant, there has been an increasing demand to use, as magnetic
disk substrates, glass substrates that have high rigidity and
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hence do not readily deform even upon rotation at high speed, and
moreover can be made to have high surface smoothness. The demand
for such glass substrates is in fact currently increasing. 0003] Meanwhile,
nowadays magnetic disk apparatuses are also used in home information

henc@PRIBHSE. PEAdENFeiEfsiamad iolpassro\tetirsasdt Wil speed, and
increasing. It is thus required to secure a good supply of glass substrates,

more\bitIigs lsdurgdeedThave AGRYAVEHFaberetdatie8asindihie demand
strong move towards manufacturing glass substrates by pressing. From

for Rithemtog Maruiaghse ph Bass BybpHaRsd R ATIRd I PSR
so-called reheat press method. In the reheat press method, a glass

[000B3terial constituting a glass molded article is obtained by melting a
starting material so as to produce a glass material, and then reheating

this/iglassivickerjahoload 4y $msgiterning pdisk tyepeafarodawlitg d¥so used
applying pressure using a press molding die, and then cooling, and

in heleasingfibenglad®magd fancds, miess hatdieg theebyatibriog flia- glass
difference in thermal contraction therebetween. 0004] However, in the

subgiasataseieasihug therthendieeasiusigte il tvhish hligheeqressad: ttearsecure
in the press molding is being applied, much friction arises between the

a gagldssuppdsd aftidd asd aylpsdaanbéing andafe vttlerpresdunelditte cost.
die, and hence some means must be used to obtain a stable mold

To aeleeeeefidtislo theuee secrafiiciivnrieasas nglky/bedirprgosedeao towards
dispose a mold

manufacturing glass substrates by pressing. From hitherto,

manufacture of glass substrates has been carried out using a

so-called reheat press method. In the reheat press method, a glass

material constituting a glass molded article is obtained by

melting a starting material so as to produce a glass material, and

then reheating this glass material close to the softening point

thereof, and molding by applying pressure using a press molding

die, and then cooling, and releasing the glass material from the

press molding die by utilizing the difference iIn thermal

contraction therebetween.

[0004]

However, iIn the case of releasing from the die in a state
in which a higher pressure than in the press molding iIs being
applied, much friction arises between the glass molded article and
a press molding surface of the press molding die, and hence some
means must be used to obtain a stable mold release effect. To

reduce such friction, it has thus been proposed to dispose a mold
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2 release agent between the glass material and the press molding
surface. [0005] To promote mold release of a glass molded article from a
die, use of a paraffinic oil containing a higher fatty acid metal salt as a
mold release agent on the press molding surface of the die has been

re | 8RO M nRsePataRt ARRIEStIAR L% aReaNe- tHDHBE83 ol ding
and Japanese Patent Application Laid-open No. 2003-12339. Moreover, in

surfapanese Patent Application Laid-open No. 2004-131315, using a fatty
acid metal salt as a mold release agent is proposed, and furthermore it is

[ooo#yclosed therein that residue of the mold release agent produced on the
die surface through the press molding of the glass material is removed so

as 1o pryeoditdentdeapalliityeetyeanghashenftittiée aweescleldecom a die,

article from deteriorating. 0006] Moreover, in Japanese Patent Application
use bficaopair NEf i24Q2-3BB293ntaing ngne $suitfite agfeoty subitibmatal salt

mold release agent is proposed. Furthermore, in Japanese Patent
as aAppiltie Lsdsopagdirt 280 1ehé2 i ssingd dieatretistfiatanolfl the die
release agent powder such as boron nitride (BN) as a mold release agent
has ibeeopqaenphdsmdover, JaparemseHdtent Apliddinatiaid-dzerdNopen No.
2003-20247, using carbon fine particles including cluster diamond fine
200288823 Gsannholthpeleaeseafeartte istprappdad.cRurtherbrmiel o dapaNese
Patent Application
2003-12339. Moreover, In Japanese Patent Application Laid-open
No. 2004-131315, using a fatty acid metal salt as a mold release
agent is proposed, and furthermore it is disclosed therein that
residue of the mold release agent produced on the die surface
through the press molding of the glass material is removed so as
to prevent the releasability between the die and the glass molded
article from deteriorating.
[0006]

Moreover, in Japanese Patent Application Laid-open No.
2002-338293, using a zinc sulfate aqueous solution as a mold
release agent i1s proposed. Furthermore, in Japanese Patent
Application Laid-open No. 2001-172029, using a heat-resistant
mold release agent powder such as boron nitride (BN) as a mold
release agent is proposed. Moreover, in Japanese Patent
Application Laid-open No. 2003-20247, using carbon fine particles
including cluster diamond fine particles as a mold release agent
IS proposed. Furthermore, in Japanese Patent Application

Laid-open No. 2004-67423, using a carbon film formed by subjecting
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Laid-open No. 2004-67423, using a carbon film formed by subjecting 3 a
hydrocarbon compound to plasma processing as a mold release agent is
proposed, and with regard to the nature of the carbon film, it is stated that
amorphous carbon is suitable. 0007] Meanwhile, in the case of a method

a hyHrWBicPUBAlehgasmis f&r?qth/s%?@ Igesdaksg pking fis aNbliesse agent

molding of a glass optical element having a required shape and a

is piespdsadPreaisiriy REthe syHraeiaens critad OB RRPBYIGRHRIOFi I, it
release agent onto the surface of the glass gob before charging the glass

is saebrdeothatelfinepheisdicsipsed in dapyiasiatent Application
Laid-open No. H6-305740. It is also stated therein that a carbonaceous

[oogopvder obtained through combustion of a hydrocarbon is used as the
mold release agent. [0009] However, in the case of using a mold release

agemsasvdedeibdcinthborasepafiesanaieot Applivhtion LaikependNass is
2002-338276, Japanese Patent Application Laid-open No. 2003-12339,
di rerdyaphizasgetaient A\ eplicalid ingidiperaNd. 20644 33ldi agnefala glass
component of the mold release agent remains on the press molding
optisaihcelehtbn preay mudagrdigaies dhsipapss anuddiagreqd headeptecision
obtain glass molded articles having a smooth surface, the die must be
of thlesediBo®ditalite Nlsreauar j edheudasapplsinggha modid neédeesese agent
agent described in above Japanese Patent Application Laid-open No.
ontadE3381I3aroisiurthe tiid assd geleabe fgeat charging the glass gob
into the molding die is disclosed in Japanese Patent Application
Laid-open No. H6-305740. 1t is also stated therein that a
carbonaceous powder obtained through combustion of a hydrocarbon
iIs used as the mold release agent.
[0009]

However, i1n the case of using a mold release agent as
described in above Japanese Patent Application Laid-open No.
2002-338276, Japanese Patent Application Laid-open No. 2003-12339,
and Japanese Patent Application Laid-open No. 2004-131315, a metal
component of the mold release agent remains on the press molding
surface of the press molding die after the press molding, and hence
to obtain glass molded articles having a smooth surface, the die
must be cleaned periodically. Moreover, In the case of using the
mold release agent described in above Japanese Patent Application
Laid-open No. 2002-338293, moisture in the mold release agent
evaporates through heating during the press molding, and hence the

zinc sulfate crystallizes, and unevenness arises on the press
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evaporates through heating during the press molding, and hence the zinc
sulfate crystallizes, and unevenness arises on the press 4 molding surface
due to this crystallized zinc sulfate. If press molding of a glass material is

carried out repeatedly in this state, then concave defects may arise on

mo 1 dPRGUiareRidha Yasomaigiale BRStANGE 68 SWFRCaseATBEDE MPHSress

to be smooth. Furthermore, if the mold release agent described in above

mo | PRRGAse BAlest ABRCRIIar F3Earei &Y 0228 YSPY his state,

component of the mold release agent similarly remains so that

thertBeYRIH\ASTaFeeste miie gl sergaeciradsherRate obtainalppadrolicecrial ,
articles having a smooth surface form through the press molding only, the

and thergestthe dleaTeitbeguanttand peivdiaalyb O bttithermarghermore,
because the mold release agent described in above Japanese Patent

if thepliralidn kalkapen Alge 2036824 Tbedntiinsatismeondajiuneell Patent
release agent itself is expensive, and hence the press molding cost
App linczeses, had drupkeeping @0 tHe 2029 iEstutiegl coat obtipparticle of the
manufactured by the press molding is difficult. Furthermore, because the
mo | dniodd eddeasaggertit sdesclibed yn icdina e s =m ddeaRataTe Vapliegtoar ises on
Laid-open No. 2004-67423 is formed by subjecting a hydrocarbon
the darmpsunfiaceplaanth bertessto obisadifiiiltets prodiidethantdld keledsaving
agent inexpensively. [0011] Moreover, the mold release agent described
a smpoddpanwgskace form through the press molding only, the die must
be cleaned frequently and periodically.
[0010]
Furthermore, because the mold release agent described in
above Japanese Patent Application Laid-open No. 2003-20247
contains diamond, the mold release agent itself is expensive, and
hence the press molding cost increases, and thus keeping down the
manufacturing cost of the article manufactured by the press
molding is difficult. Furthermore, because the mold release agent
described in above Japanese Patent Application Laid-open No.
2004-67423 is formed by subjecting a hydrocarbon compound to
plasma processing, it is difficult to produce the mold release
agent inexpensively.
[0011]
Moreover, the mold release agent described iIn Japanese
Patent Application Laid-open No. H6-305740 is a carbonaceous
powder, and is applied directly onto the surface of the glass gob,

and hence i1t is doubtful whether good releasability between the
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Patent Application Laid-open No. H6-305740 is a carbonaceous powder,

and is applied directly onto the surface of the glass gob, and hence itis

doubtful whether good releasability between the 5 press molding surface

of the die and the glass gob can be suitably secured. SUMMARY OF
presE o MY TEANFERM FnereveiidnendP e RHARIs 8 Y db SAHS R sui tably

object of the present invention to inexpensively provide, on a press
secupalgling surface of a die, a mold release layer that secures excellent

releasability of a glass material, i.e. a glass molded article, from the press

molding surface, andsugigorer deegAst qapgENPpeNenness of the press

molding surface even upon repeatedly carrying out press molding. [0013]
[001Pg attain the above object, a method of manufacturing a press molding

die of the present invention is a method of manufacturing a press molding

die Far a ghasomateialabw/eetiabdemsrising idirehsiepesf fobjmgant the

organic compound layer on a press molding surface of the die, and a
pressatondrsiemti convestinag éhqerysinie bgnmpoovildayerdarraep e firslding

step into a mold release layer by heating to at least a pyrolysis
surftaocpendtuse dithg argaoibd compeasd. [DaYd} Titbatgaecooapoerded lent

preferably composed of carbon, and
releasability of a glass material, i1.e. a glass molded article,

from the press molding surface, and moreover does not cause
unevenness of the press molding surface even upon repeatedly
carrying out press molding.

[0013]

To attain the above object, a method of manufacturing a press
molding die of the present invention is a method of manufacturing
a press molding die for a glass material, the method comprising
a Tirst step of forming an organic compound layer on a press molding
surface of the die, and a second step of converting the organic
compound layer formed in the Ffirst step into a mold release layer
by heating to at least a pyrolysis temperature of the organic
compound.

[0014]

The organic compound is preferably composed of carbon, and
at least one element selected from the group consisting of hydrogen,
oxygen and nitrogen.

[0015]
The mold release layer is preferably formed to an average
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at least one element selected from the group consisting of hydrogen,
oxygen and nitrogen. [0015] The mold release layer is preferably formed
to an average 6 thickness of from 50 to 100 mm on the press molding
surface in the second step. [0016] Moreover, the second step is

thidKREsablyCFFiSH 8t ifa1 beNmXidiziRsatpPerRRer I8GhY Tia glase in the
material may be a glass material for a magnetic disk glass substrate.

secdR@18lddgreover, to attain the above object, a press molding die of the
present invention is characterized by being manufactured using a method

[o01®Manufacturing a press molding die as described above. [0019]
Furthermore, the present invention also provides a magnetic disk glass

substieée tranufatiaresboy AdeRIRYPIEss piaiifeddbing adreiemaidiedin a
die as described above. 0020] According to the present invention, a mold

non-ejchsiddyry tHuatesphesseexcellent releasability of a glass material from
a press molding surface of a die, and does not cause unevenness of
[0017]

The glass material may be a glass material for a magnetic
disk glass substrate.
[0018]

Moreover, to attain the above object, a press molding die
of the present invention is characterized by being manufactured
using a method of manufacturing a press molding die as described
above.

[0019]

Furthermore, the present invention also provides a magnetic
disk glass substrate manufactured by a reheat press method using
a press molding die as described above.

[0020]

According to the present invention, a mold release layer
that secures excellent releasability of a glass material from a
press molding surface of a die, and does not cause unevenness of
the press molding surface even upon repeatedly carrying out press
molding can be inexpensively provided on the press molding

surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061]



the press molding surface even upon repeatedly carrying out press
molding can be inexpensively provided on the press molding surface.
BRIEF DESCRIPTION OF THE DRAWINGS [0061] 7 FIG. 1is a
schematic structural view for explaining an example of a magnetic disk
glagy UP3Urgie raaRHAGHERICARRFGER RASGREVT I Qhpiikining an
PREFERRED EMBODIMENTS [0021] Following is a description of the
exaMﬁPée@¥né¢WH§h@%¥ﬁi@Féﬂ“90@§§”§%HB%@%%@QW@Hmfﬁbturing
embodiment in which a magnetic disk glass substrate is manufactured by
appdirgagsigolding using a press molding die is described. 0022] FIG. 1 is a
schematic structural view of a magnetic disk glass substrate
manufactupipgGRRTAON I0FusedEinfRE FERREBCENB 0N BFRRYsetic disk
glass substrate. The manufacturing apparatus 10 has a pressing
[002 pmber 12. Although not shown, provided in a side wall of the pressing
chamber 12 are openings for conveying a glass material 14 in and out,
andreliditev#rigr agenindescidptiignthefretheciineespertingsaveEmtion based
manufacturing apparatus 10 may also be made to have a preheating
on enitamolierearntsa codlingtblearfiodd fow iimgy ,glass eraiberthl hefdre Emdviiesh a
the pressing chamber 12, and furthermore may be made to have an
magreppecatissbr gdasyirguthetrate 1s manufactured by press molding

using a press molding die is described.
[0022]

FIG. 1 is a schematic structural view of a magnetic disk
glass substrate manufacturing apparatus 10 used in the manufacture
of a magnetic disk glass substrate. The manufacturing apparatus
10 has a pressing chamber 12. Although not shown, provided in a
side wall of the pressing chamber 12 are openings for conveying
a glass material 14 in and out, and shutters for opening and closing
the respective openings. The manufacturing apparatus 10 may also
be made to have a preheating chamber and a cooling chamber for the
glass material before and after the pressing chamber 12, and
furthermore may be made to have an apparatus for conveying the
glass material into and out of these chambers.

[0023]

The pressing chamber 12 is for press molding the glass
material 14 that has been conveyed therein, and has disposed
therein a press molding die (hereinafter “die”) 16. The die 16
comprises an upper die member 18 which is an upper die, and a lower
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glass material into and out of these chambers. 0023] The pressing
chamber 12 is for press molding the glass material 14 that has been
conveyed therein, and has disposed therein a press molding die
(hereinafter "die") 16. The die 16 comprises an upper die member 18

die WRIRBAT 20IRReE SHE, PGk IR dirememberdiWhiclide RO Sifiment ,

In the present embodiment, the die 16 also has a constraining ring 22

the RIPMIdEs! aN 8 Haea D ASEAMO P Ut ihg NEegreaRIBEP\FEEhEd ower

die 16 may be constituted from the pair of the upper die member 18 and

die thenwer e rpereben29. ABH Adltinp P64 aEyided Re aivta®may be
bottom surface 24 of the pressing chamber 12, and a heater block 28 is

condPrigeddFramupher paition fhereefuppe toweediemseres28ris the lower
installed facing upward on an upper side of the heater block 28. On the

die atbebdwngpan opening 32 is formed in an interior top surface 30 of the
pressing chamber 12, and a cylinder 36 that is directly connected to a
[002x#¢ssing machine 34 passes from the opening 32 into the interior 38 of
the pressing chamber 12. A heater block 40 is connected to a tip of the
cyliddel 86 msiti 2t di mspieothed pce ssngohamber i@r and titerupper fisce 24
member 18 is installed facing downward on a lower side of the heater
of thleckressurtgeahandyewh2’ prassinsoldegtie cdodedtkuf iry sippegenided on
gas from a nitrogen gas tank, not shown, is introduced into the interior 38
an upftee portion thereof. The lower die member 20 is installed
facing upward on an upper side of the heater block 28. On the other
hand, an opening 32 is formed in an interior top surface 30 of the
pressing chamber 12, and a cylinder 36 that is directly connected
to a pressing machine 34 passes from the opening 32 into the
interior 38 of the pressing chamber 12. A heater block 40 is
connected to a tip of the cylinder 36 positioned iInside the
pressing chamber 12, and the upper die member 18 is installed
facing downward on a lower side of the heater block 40. Furthermore,
when press molding is carried out, dry nitrogen gas from a nitrogen
gas tank, not shown, s introduced into the interior 38 of the
pressing chamber 12 from a nitrogen gas introducing pipe 44 that
passes through a ceiling 42 of the pressing chamber 12 so that a
nitrogen gas atmosphere is formed. Note that the nitrogen gas is
used so that the press molding and the formation of mold release
layers, described below, are carried out in a non-oxidizing
atmosphere, and hence an Inert gas such as argon gas or helium gas

may be used instead of the nitrogen gas.
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pressing chamber 12 from a nitrogen gas introducing pipe 44 that passes
through a ceiling 42 of the pressing chamber 12 so that a nitrogen gas
atmosphere is formed. Note that the nitrogen gas is used so that the
press molding and the formation of mold release layers, described below,
[002%¢ carried out in a non-oxidizing atmosphere, and hence an inert gas
such as argon gas or helium gas may be used instead of the nitrogen

ganSQ02 e &xsPirspdTAllieg diel 86 forrthenglagy axajerialee i BT will

described. The two surfaces of the die 16 where the upper die member

be dt&apdiee lowendiacmsrabertacoemaalier a6 facrcatesedpply die
a protective film, and moreover a mold release layer is further formed on

memrach & hirge endatewdn the statenbahicio tifaceoldielease tagarsdeeeeach
been formed, press molding surfaces 46 and 48 formed on the protective

covdites an the appes techpmbdii 18 anththentovey\vaie rembid & lease layer
respectively are thus essentially formed on the respective mold release

is flayeheh&pressdnmideacis wihahésevkioh fathesiowenstifacstaeftbein which
upper die member 18 and the press molding surface 48 which is the
the uodet swhease thaykreidieenbmber POrface pnerasdtheods sgeaurfaces
from FIG. 1. During press molding, a sealed cavity, i.e. a closed space, is
46 afotméd o ithe press tiwdipgeteiateydofarkhd8pandiaa inppepedplecrsémber
surface 50 of the constraining ring 22. 0026] In the present embodiment,
18 aa@ rhiai bodiek of tkentimbeard) respectively are thus essentially
formed on the respective mold release layer. The press molding
surface 46 which is the lower surface of the upper die member 18
and the press molding surface 48 which i1s the upper surface of the
lower die member 20 face one another as is clear from FIG. 1. During
press molding, a sealed cavity, i.e. a closed space, is formed by
the press molding surfaces 46 and 48, and an inner peripheral
surface 50 of the constraining ring 22.
[0026]
In the present embodiment, the main bodies of the die 16 are,
i.e. the main body of each of the upper die member 18 and the lower
die member 20 is, made of an ultra-hard alloy having tungsten
carbide (WC) as a main component thereof, cobalt (Co) being used
as a binder in this ultra-hard alloy. Moreover, the protective
film formed on the surface of each main body is preferably formed
from a material that has poor wettability to the glass material
14 at high temperature, i.e. 1s chemically inert to the glass

material 14, so as to protect the main body of the die 16, and in
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i.e. the main body of each of the upper die member 18 and the lower die
member 20 is, made of an ultra-hard alloy having tungsten carbide (WC)
as a main component thereof, cobalt (Co) being used as a binder in this
ultra-hard alloy. Moreover, the protective film formed on the surface of

the §A0SBAE RAboE FeieEllY IFEnardrorrSrmaRiiel High NesepPor In the

wettability to the glass material 14 at high temperature, i.e. is chemically

predBa lenibe giRsenhatedehlArstas td PEOEFI tha S FH MRSty ebthe fifitkness

and in 10 the present embodiment is formed from platinum (Pt). In the

of a?fﬁ?%%i‘?ﬁ&'ﬁ%‘i?eftuﬁ@ PORAIVEITMYS oRRLIRR NICkIESEnal present
approximately

m by sputtering. Moreovér, in the present embodiment,

embdFREHRCELRE AP FS L CASO AHASLVE £IBLE MBS it 08! FiAlR 18 hade

100 nm In terms of the center line average height. That is, the press

to b&AVIAGHE SR GG Al #05-MBRST 4ReReMPET IR 08 1A height.

die member 20 facing one another are smoothened to a predetermined

ThateY, 0¢Rd RS ARAYRINTIYPIRIBRY NAs ARAMASSHPNLFRIMANEEY die

at least one selected from silicon (Si) , nickel (Ni) chromium (Cr), titanium

memddb. NPb4HA (RRy VPOREIM 1Y), mEebdeepg MG §lasiie Mkher are

palladium (Pd), iridium (Ir), rhodium (Rh), osmium (0s), ruthenium (Ru),

smodtBEE (Re). Aundsier t¥hanbantalyen(Ta), or an alloy having one of
the above as a main component thereof, or at least one selected from

[ooztgmina (A1203), silicon carbide (SiC) , chromium carbide (Cr3C2) ,
chromium

Each protective film preferably has a composition
comprising at least one selected from silicon (Si), nickel (Ni),
chromium (Cr), titanium (Ti), niobium (Nb), vanadium (V),
molybdenum (Mo), platinum (Pt), palladium (Pd), iridium (Ir),
rhodium (Rh), osmium (Os), ruthenium (Ru), rhenium (Re), tungsten
(W) and tantalum (Ta), or an alloy having one of the above as a
main component thereof, or at least one selected from alumina
(Al1203), silicon carbide (SiC), chromium carbide (Cr3C,), chromium
oxide (Cr203), silicon nitride (SisNs) and boron nitride (BN).
Moreover, the thickness of each protective film is not limited to
being as above, but rather may be any thickness so long as the film
acts as a protective film. Furthermore, any film formation method
may be used for the protective Tilms.

[0028]
The mold release layer that constitutes part of the die 16

and 1s formed on each of the press molding surfaces 46 and 48 of
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oxide (Cr203) , silicon nitride (Si3N4) and boron nitride (BN). Moreover,
the thickness of each protective film is not limited to being as above, but
rather may be any thickness so long as the film acts as a protective film.
Furthermore, any film formation method may be used for the protective

the fliies1007A IMhe Bl frigas RvE! thal SAnsY s heER el fsafdrmed
is formed on each of the press molding surfaces 46 and 48 of 11 the die

on ahGliter W herrse P dHeare spde t3/0assraxidt iYened 19 ahavi’kduces

surface of the respective protective film, and reduces friction between the

frictiBepetihediratpetiza ffacad hese facetot tRalapImandethé surface

during the press molding. As a result, sufficient releasability of the molded

of tadiciflakigineddey el maldingrahigetyiasp maierinbl4 ¢ag be secuiegesul t,

Each mold release layer is formed as a pyrolyzed layer obtained by

suffriesiegta by beaonni bty ao Pradec noledndite it lkastapyelyssy the
temperature of the organic compound. Note that the mold release layer

mo | divigireeld tyep bz gdite pigehit£@apobedtspeirradly deshnmbld release
combust at a temperature below the press molding temperature during
1aydaheimefe madingspeqegso[DP26HThayeoidoletzaseddybyisieatedgpra layer
each of the press molding surfaces 46 and 48 via predominantly two
compatepd.r@nanf theganno stepgasiadirtiostaf of éastind e pyaoitysis
compound layer on each of the press molding surfaces 46 and 48 of the
tempdicaburaeafhthe organic compound. Note that the mold release
layer obtained by pyrolyzing the organic compound preferably does
not combust at a temperature below the press molding temperature
during the press molding process.
[0029]

The mold release layer is formed on each of the press molding
surfaces 46 and 48 via predominantly two steps. One of these two
steps 1s a first step of forming an organic compound layer on each
of the press molding surfaces 46 and 48 of the die 16. The other
of the two steps i1s then a second step of converting each organic
compound layer formed through the first step into a mold release
layer by heating to at least a pyrolysis temperature of the organic
compound (this being a temperature less than the combustion
temperature). Due to being formed via these steps, each mold
release layer has amorphous carbon as a main component thereof.
[0030]

In the first step, a layer of an organic compound composed

of carbon, and at least one element selected from the group
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of the two steps is then a second step of converting each organic
compound layer formed through the first step into a mold release layer by
heating to at least a pyrolysis temperature of the organic compound (this
being a temperature less than the combustion temperature). Due to being

condPHREAY B PIRFTEHELATX RIRASFIRVBYRAS REFOPRALS CBHP¥ach of

as a main component thereof.” 0030] In the first step, a layer of an organic

the @FBBAURAR Pa'ﬂﬁ’ﬁ%g rfeargoneapaat i@%ﬁ”@l’@eﬂﬂ‘t.ﬁl&tﬂ@ fipnclear
the group 12 consisting of hydrogen, oxygen and nitrogen is formed on

frontagheofe i pae meldingeiiiPes s dEsvid HB @f IRardie 16eHs SRR ic

from the experimental results described later, the organic compound used

compRiAds iRl Hietasahly aBROpE@ PEeaIBPY, 8OMFSedsbneLIHOANt and at
selected from the group consisting of hydrogen, oxygen and nitrogen.

I easithesganienantpserie et iF famathengganip adhe psasyaddingydrogen,
surfaces 46 and 48 with the press molding surfaces 46 and 48 at a

oxydemperdtuiethelgerihe Piolpsigdernpecatupe wwidnkayganicscéoymeddton each
Specifically, in the case that the organic compound is a liquid, the organic

of twuwmpowsshavwid engospofaioasasddhards4ienitr ttuereptheapplied ding
onto each of the press molding surfaces 46 and 48 with the press

surfrackiingtsandcets 4€ antiet§arsuaira tbenbawatime ,whar by llsetegpeicature
compound layer is formed. Note, however, that in the case of a liquid, the

of tspliedgagdciccongmund.-muSpest VEposald vt ai terfheracasdethathdhe
pyrolysis temperature thereof at
organic compound is a liquid, the organic compound having a
composition as above is directly or indirectly applied onto each
of the press molding surfaces 46 and 48 with the press molding
surfaces 46 and 48 at such a temperature, whereby the organic
compound layer is formed. Note, however, that in the case of a
liquid, the applied organic compound must not vaporize at a
temperature below the pyrolysis temperature thereof at
atmospheric pressure, so that the organic compound layer can be
formed on each of the press molding surfaces 46 and 48 continuously.
Alternatively, iIn the case that the organic compound is a solid
(including a powder), the organic compound composed as above is
deposited uniformly by spraying or the like on each of the press
molding surfaces 46 and 48 with the press molding surfaces 46 and
48 at such a temperature, whereby the organic compound layer can
be formed. Note, however, that in the case of a solid, the organic
compound must not vaporize at a temperature below the pyrolysis
temperature thereof at atmospheric pressure, but may become liquid.
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atmospheric pressure, so that the organic compound layer can be formed
on each of the press molding surfaces 46 and 48 continuously.
Alternatively, in the case that the organic compound is a solid (including a
powder), the organic compound composed as above is deposited

In aHQifeé@b/,b?tﬁ@fél‘i@arﬁéhédmﬁcﬁﬂﬂai%e@éP“‘fcpfﬁrifd BRldagrsyiaepeddress
and 48 with the press molding surfaces 46 and 48 at such a temperature,

mo 1 iRy ebY Hra SEarMG campound dayed ceempe rerfiae e, hewevahiiptthe
in the case of a solid, the organic compound must not vaporize at a

py rotypsaiesn heievetheryPlysie oroperrt€ohptrrm@tatiinogphetifiospheric

pressure, but may become liquid. 13 In any case, the organic compound

predayeidoimnee peesrslipapraste veltthrgisstepes #o pedisSat fegardless
temperature not more than the pyrolysis temperature of the organic

of whemipeurchandrajatmosphepioupit ssHe tiusi Pngjstiig orthetirugnthterial
step. Moreover, regardless of whether the organic compound constituting

of thhe starlidg nedtesske ol theersldireleadkilguécs il ligusd bid sotiletherganic
organic compound may also be dissolved in a volatile organic solvent in

compehicd thayprgdrso coenpbissiad wetlibie sack abathdeoloagatiien sppliedt in
on by spraying, dipping, spin coating or the like, whereby a layer can be

whidbrribe cwemohiof thenpessichddingalufatesitcindisi&ihanadaratingd then
off the solvent. The thickness of each organic compound layer thus

app Keatdeochy mpiraasocd dsipg isuiatsy talibeadd edimsoribeylakehigthereby
sensitivity reflection method using a Fourier transform infrared

a laysdceaphderfercned s likachoofithe press molding surfaces 46 and

48 by evaporating off the solvent. The thickness of each organic

compound layer thus formed can be measured using suitably

calibrated ellipsometry or a high sensitivity reflection method

using a Fourier transform infrared spectrophotometer or the like.

[0031]

Next, in the second step, the organic compound layer formed
on each of the press molding surfaces 46 and 48 through the first
step 1s converted Into a mold release layer by being heated to at
least the pyrolysis temperature of the organic compound. As a
result, a die 16 in which such a mold release layer is formed on
each of the press molding surfaces 46 and 48 can be obtained. This
second step may be carried out unrelated to the press molding, or
may be carried out accompanying heating of the die 16 for the press
molding. That is, prior to the press molding, the die 16 having
an organic compound layer formed on each of the press molding

surfaces 46 and 48 may be heated to the pyrolysis temperature of
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Next, in the second step, the organic compound layer formed on each of
the press molding surfaces 46 and 48 through the first step is converted
into a mold release layer by being heated to at least the pyrolysis
temperature of the organic compound. As a result, a die 16 in which such

the ¥ ileasmpuehs @éﬁ_&?&fb egeh ehéBLEFABCIAINEItHYfAasS 4Hress
and 48 can be obtained. This second step may be carried out unrelated

mo 1 dPriBe RIESeMIdEih Ve reabhiesegEeH e afpetRa VAyereating €HO8 form

die 16 for the press molding. That Is, prior to the press molding, the die

the Holaving 1aa9E03RigEPEPAVNEL pYieriPUBEY Oncercmelltiererpsase layers
molding surfaces 46 and 48 may be heated to the pyrolysis temperature

may Bé F6 HirearpgnitheofiPloWistp PRt tsthe PeaiRd Juriagdhtfl Bsssmaterial

molding, so as to convert the organic compound layers and thus form the

14 isald speseel | asrvedleriadiviehe $3e moelddélegsedayeisemayebariormed and
by the following process. Firstly, the glass material 14 is disposed

therhetelsendhe [dréss snbeldtedswidaddse4f vadst®caunkd ilren, tbepia-a€us-e and
heated to the press moulding temperature and the organic compound

the Eyganheirgphpateddolatyeast theimgdhesad eenueatuleattbechega@yicolysis
compound. Analysis of the pyrolysate produced through the pyrolysis of

tempeeatganeicadbripeuatdgand aneaspaumneht of Amathydda® ssfcdinbesaradysate
out by cross sectional observation using a transmission electron

produizecsddpeardly Rhmapy spdotedstop¥. UG2]N@anaic egampieiod, and
formation of the mold release layers,
measurement of the thickness can be carried out by cross sectional

observation using a transmission electron microscope or by Raman
spectroscopy -
[0032]

Next, an example of formation of the mold release layers,
and press molding of the glass material 14 using the die 16 having
the mold release layers formed thereon will be described with
reference to FIG. 1. Note that here, the mold release layers are
formed accompanying heating of the die for the press molding.
[0033]

In a state with the press molding surfaces 46 and 48 of the
die 16 disposed separated from one another as shown in FIG. 1, a
solution of tricosane (Cz3Hig) which is an organic compound in a
volatile organic solvent is manually applied onto the press
molding surfaces 46 and 48. At this time, the die 16 has a
temperature below the pyrolysis temperature of the tricosane, and
IS not In a non-oxidizing atmosphere. The solvent is then

15



and press molding of the glass material 14 using the die 16 having the
mold release layers formed thereon will be described with reference to
FIG. 1. Note that here, the mold release layers are formed accompanying
heating of the die for the press molding. 0033] In a state with the press

evapBPERGISHFFCRDH 48 eb48SFtha digyidrdisarped s§PyaEee Pl 888ane on

another as shown in FIG. 1, a solution of tricosane (C23H48) which is an

eacHPERPHRECYPRYYNAJN @i NG alile PAGRIYDMARLABMAMPIBhARPIANPINS state
the press molding surfaces 46 and 48. At this time, the die 16 has a

the tgmessatizabelpaMtheso)relysibdespesaiiidef hewEposhRe. mdab&N0
in a non-oxidizing atmosphere. The solvent is then 15 evaporated off so

[003agE]to form a layer comprising the tricosane on each of the press molding
surfaces 46 and 48, and then in this state the glass material 14 is placed

on Aetowetitke Fomzarizth oBA4Ater tiedoyarmaiionegfdie tignsatke
layers and the placement of the glass material 14, the pressing chamber

p lackhisntlos€dthed gilmgenngoesiram kEha aitragen gassdbddyciohamperd4l? is
is introduced into the interior 38 of the pressing chamber 12, so as to

c losadfjciantly ratarcgyerthgasitrbgen gdseatmidspbgen @as uchrasiaic ilmg pipe
was in the pressing chamber 12 up to this instance is discharged in an
44 1gmoubt tdthusad elat thet gy adubed rro§énab o véa pirtess, ing  stivamer 12,
formed in a wall of the pressing chamber 12. By introducing a sufficient

so asntousiudifhe nitrddn yep lthee with a nitrogen gas atmosphere. Gas
such as air that was In the pressing chamber 12 up to this instance
is discharged in an amount the same as the introduced nitrogen gas
via a hole, not shown, formed in a wall of the pressing chamber
12. By introducing a sufficient amount of the nitrogen gas, the
interior 38 of the pressing chamber 12 can thus be suitably
replaced with a non-oxidizing atmosphere. Note that in the case
a separate apparatus is provided so that movement of the glass
material 14 in the sealed interior 38 and formation of the
tricosane layers can be carried out through manual or automatic
operation of this apparatus, the formation of the tricosane layers
and the movement and placement of the glass material 14 may be
carried out after the interior 38 has been replaced with the
nitrogen gas atmosphere in advance. Moreover, in the case that
the organic compound for forming the organic compound layers does
not vaporize in a vacuum, the pressing chamber 12 having disposed
therein the die having the organic compound layers formed thereon

may be First put into a vacuum state using an externally provided
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interior 38 of the pressing chamber 12 can thus be suitably replaced with
a non-oxidizing atmosphere. Note that in the case a separate apparatus
is provided so that movement of the glass material 14 in the sealed
interior 38 and formation of the tricosane layers can be carried out

vaculiPyslinpaial ArRUATEHeRPErgHen PhIFDA0RIRUD iR farmatigRPfthen
the tricosane layers and the movement and placement of the glass

rep IBaEHBhEARBNDE SRYIRSLRY iR thenbispne B8 asbeen canprsedl out by

with the nitrogen gas atmosphere in advance. Moreover, in the case that

i ntribaEaaric sPERRyed fgatprming the organic compound layers does not
vaporize in a vacuum, the pressing chamber 12 having disposed therein

[0036g die having the organic compound layers formed thereon may be first
put into a vacuum state using an externally provided 16 vacuum pump via
theAstrogert gabéuratoing, pine i eoddhen Irepaceienfavitheal, i.e. an
nitrogen gas atmosphere may be carried out by introducing nitrogen gas.

orgdA@8schmpescriibekhgiaavel o tliovsmnk, layar sdormed, itherrppeganimolding
compound layer is formed, on each of the press molding surfaces 46 and

sur R ettids e d 613 gl thedteed 65 pdagdd sstnatarielpiesp kaddiddetween
surfaces 46 and 48, and the pressing chamber 12 is replaced with a

the pitregsmydkoatntpsphefacasd 4tcanutiis stated Hdetiny sssrngdchamber 12
using the heater blocks 28 and 40. Here, the glass material 14 is an
1s refuhsinesilichtehghasd huoingra gssitatinggeaisd 526 1¢, thehhencethe gikate,
16 and the glass

heating is carried out using the heater blocks 28 and 40. Here,
the glass material 14 is an aluminosilicate glass having a
softening point of 625 °C, and hence the die 16 and the glass
material 14 are heated to the press molding temperature 600 °C
using the heater blocks 28 and 40. The pyrolysis temperature of
tricosane is below 600 °C, and hence through the heating up to the
press molding temperature, the tricosane layers are, i.e. the
tricosane is, pyrolyzed. In this way, the organic compound layer
comprising the tricosane on each of the press molding surfaces 46
and 48 is converted into a mold release layer, whereby a mold
release layer is formed on each of the press molding surfaces 46
and 48 prior to the press molding.
[0036]

Then, the cylinder 36 is advanced using the pressing machine
34, whereby the glass material 14 is pressed at a predetermined
pressure to a predetermined thickness. After that, the heating

by the heater blocks 28 and 40 i1s stopped so as to carry out cooling,
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material 14 are heated to the press molding temperature 600 C using the
heater blocks 28 and 40. The pyrolysis temperature of tricosane is below
600 C, and hence through the heating up to the press molding
temperature, the tricosane layers are, i.e. the tricosane is, pyrolyzed. In

whe riBisyVAv 19 paasC PR danes SCampEF g KN drigesanacAe eafb Afs is
the press molding surfaces 46 and 48 is converted into a mold release

rond¥d Wherpiana epld cesiparerpyar §foned 96 RRCAFEBE e molded
P molding surfaces 46 and 48 prior to the press molding. 0036] Then, the

arti®lieder3geadyrse dnstiRd-thelPressing neachingadheadivrelY $he glass

glass material 14 is pressed at a predetermined pressure to a

subgtredeterminebthickingss. Aftaiohat, the bettieg MahiredaienblgckeBod in
and 40 is stopped so as to carry out cooling, 17 whereby mold release of

wh i dheaggbaseaiesiee k4 Abm4hpictiel 1648 pypmetedi bipan Saearipgtivteirial
the mold release, a molded article of the glass material 14, i.e. a
is relagattcl diskdylasd jebdetdteosmidaisedoldinthashd esanibeidriabove is
method in which a glass material 14 produced by melting a starting
refanatdliatos ashéatetheat subgssdchys’press molding as described above
is referred to as "reheat pressing”. 0037] To demonstrate the mold
[00Féase layer formation method and the effects of the present invention as
described above, various experiments were carried out. The results of
theso akpronstuate the mold release layer formation method and
the effects of the present invention as described above, various
experiments were carried out. The results of these experiments
are described below.
[0038]

Firstly, a First experiment will be described. This
experiment was carried out to investigate the properties of an
organic compound suitable for obtaining a mold release layer. 1In
this experiment, dies 16 having mold release layers formed using
two different organic compounds were prepared. In the following
description, the case that pentadecane (CisHz;) was used as the
organic compound is taken as Example A, and the case that tricosane
(Ca3Hsg) was used as the organic compound is taken as Example B.
In the following, the reference numerals for the different
constituent components manufactured and used iIn the respective
examples are appended with the symbol “a” iIn the case of Example
A, and “b” In the case of Example B. That is, the die 16 of Example

A i1s appended with “a”, and thus referred to as the “die 16a”. Note
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are described below. [0038] Firstly, a first experiment will be described.
This experiment was carried out to investigate the properties of an
organic compound suitable for obtaining a mold release layer. In this
experiment, dies 16 having mold release layers formed using two

thatdif8E@N FIenE @ﬁ?ﬁﬂlmd%wgﬁ%@%@r SEn¥RtedahRVEKY (ESFERERhe are
nta

the case that pe ecane (C15H32) was used as the organic compound

saturiakan ﬁ@&ﬁ@manaegmgﬁggthat tricosane (C23H48) was used
as the organic compound is taken as Example B. In the following, the

[003gference numerals for the different constituent components
manufactured and used in the respective examples are appended with

thelgyrebelnpl & e sagepé Fxaone ¥sia peredae case of&xafititted on
B. That is, the die 16 of Example A is appended with "a", and thus

eacheidreth¢o ppdks "nieltiaigNota-fadeal B@h ciibe4Bgan€ agmepolirdsiéa to
pentadecane and tricosane are saturated hydrocarbon compounds.

a uniPeseh Itieknae #\ of 509 enmprisinghpentEacpieweas farnsd arsolution
each of the press molding surfaces 46a and 48a of the die 16ato a

was prgpartutine ssicf<sdDurimgirthes foatgde dariestiansaluwtmhatwibe organic
prepared by dissolving the pentadecane in a volatile organic solvent in

so lvehithithenrarthdébanpén taldelzasachasothanbe aslicheaslatidranad , and
applied onto the press molding surfaces 46a and 48a by spraying. After

the thal uid aolvers vapdugsbratekbofhe press molding surfaces 46a and

48a by spraying. After that, the solvent was evaporated off,

whereby a layer comprising pentadecane was formed on each of the

press molding surfaces 46a and 48a.

[0040]

On the other hand, in Example B, a layer comprising tricosane
was formed on each of the press molding surfaces 46b and 48b of
the die 16b to a uniform thickness of 500 nm using the same
procedure as in Example A described above.

[0041]

Each of the dies 16a and 16b of Examples A and B having the
organic compound layers formed thereon in this way was then heated
to a press molding temperature in a nitrogen gas atmosphere. An
aluminosilicate glass having a softening point of 625 °C was used
as the glass material 14, and hence considering the
temperature-viscosity characteristics thereof, the press molding
temperature was made to be 600 °C. Moreover, the heating time was

made to be 10 minutes. Each of the dies 16a and 16b having the
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whereby a layer comprising pentadecane was formed on each of the
press molding surfaces 46a and 48a. 0040] On the other hand, in
Example B, a layer comprising tricosane was formed on each of the press
molding surfaces 46b and 48b of the die 16b to a uniform thickness of

orgarfiCTHBHsHhEN e 858 sPIRsBRkEe BfdPdoraMBls AHlEsHibsEaPas-600 °C,
[0041] Each of the dies 16a and 16b of Examples A and B having the

and RESHAEAMRAHH FEFSIIOrMBSURBE AA hibis WaY Westhes Reaipdrieture.
a press molding temperature in a nitrogen gas atmosphere. An

AftetuinagasiliciieBiasehavies AISATtENas Reditef 68 ou tasHes@ s thkes 16a

glass material 14, and hence considering the temperature-viscosity

and aiByastariptigs todieof chesesd ajrldis oftamper atherean Medetobeained.
600 C. Moreover, the heating time was made to be 10 minutes. Each of

[004P§ dies 16a and 16b having the 19 organic compound layers formed

thereon was thus heated to 600 C, and was then heated for 10 minutes

mairtiained kd thie leaperatasge rafterfiheh s uffiesnt iealing svaboiarnede

out, whereby dies 16a and 16b having mold release layers formed
i nvaheigeitedre obsomed N4 flad mad thlease tdpere ofdife thes déa 16a of

and 16b were investigated. Upon investigating the surfaces of the die 16a
Exangf | ExAmpta ey, eharesviaa hdlglyaany pyrotybass tagd kentdbacty baydly any

matter that could be described as a mold release layer was present
matter that could be described as a mold release layer was present
on the protective films of the die 16a. This is thought to be
because the boiling point of pentadecane is 271 °C, and hence the
pentadecane evaporated during the heating to the press molding
temperature. On the other hand, upon investigating the surfaces
of the die 16b of Example B, there was a mold release layer
comprising predominantly amorphous carbon on each of the
protective Tfilms. This is thought to be because the tricosane used
in Example B does not have a boiling point under atmospheric
pressure, and hence was on the press molding surfaces 46b and 48b
of the die 16b up to the pyrolysis temperature. It is thus thought
that pyrolysis of the tricosane took place during the heating up
to the press molding temperature, and hence a layer comprising the
pyrolysate amorphous carbon was formed as a mold release layer on
each of the press molding surfaces 46b and 48b. Note that analysis
and measurement of the pyrolysate were carried out by cross
sectional observation using a transmission electron microscope.

[0043]
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on the protective films of the die 16a. This is thought to be because the
boiling point of pentadecane is 271 C, and hence the pentadecane
evaporated during the heating to the press molding temperature. On the
other hand, upon investigating the surfaces of the die 16b of Example B,

therr Mg ameldiRieasesiayshFomaNisipg Riegonrantbeaeaghausyers
carbon on each of the protective films. This is thought to be because the

proviigesarheseGbin ixapnile Budges ppebaves ROl painhupdelss material

atmospheric pressure, and hence was on the press molding surfaces 46b

14 wakdd8pretinedie 16w WihePyiakssitenneratiged tif teHe te@itiment
that pyrolysis of the tricosane took place during the heating up to the

was higge Fdaeines Reated EASE akyee sempiistiiheveyrelyishten the
amorphous carbon was formed as a mold release layer on each of the

exparsenoMing sudaces 46d andplibr A€ abmpalysis 28@ mm. The press
measurement of the pyrolysate were carried out by cross sectional

mo | dibveg rvieiio T asingexitrantmissien etdotrasamécrosoaoiiet 1 0043120 Usiagples A
the dies 16a and 16b having mold release layers provided thereon in this

and way, Thesp noueagred afladsenatess hd iashgafead Bxanhkeglassi 11 thus
material 14 used in the experiment was made of aluminosilicate glass as

be ddssurideechbers and iththde sgpaprheonwak raeepoduedspbeod ckhe press
diameter 7.67 mm. The press molding was carried out under the same

mo I daorglitioms foxaxphhplds Aedng BomhEgedcedurs dixaapilsssimoltiey plass
Example A will thus be described here, with description of the procedure

mategtiad ptdsgvas placed between the upper die member 18a and the

lower die member 20a, and the upper die member 18a and the lower

die member 20a were heated to the press molding temperature of

600 °C, and then press molding of the glass material 14 was carried

out at a pressure of 450 kgf/cm? to a thickness of 0.4 mm. After

that, cooling to approximately 200 °C was carried out, and then

the glass molded article manufactured through the press molding,

i.e. a magnetic disk glass substrate, was taken out.

[0044]

The above press molding was carried out repeatedly on a
plurality of pieces of the glass material 14 for each of Examples
A and B. The results were that for Example A, as the press molding
was repeated, attachment of the glass material 14 to the die 16a,
cracking of the glass material 14 and so on became progressively
more severe. In contrast, for Example B, even upon repeating the
press molding, such things were not seen to happen to the glass

material 14 through the press molding, but rather good magnetic
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molding for Example B being omitted. In Example A, the glass material 14
was placed between the upper die member 18a and the lower die
member 20a, and the upper die member 18a and the lower die member
20a were heated to the press molding temperature of 600 C, and then

di sK'§¥a8WIdneHf Far 88sedagrisbl bmesicreted aHAE AiRIesTHeR]s
450 kgf/cm2 to a thickness of 0.4 mm. After that, cooling to approximately

ascetdhErues taziedPidrand lribdhe dirsesaBrRPE keI nab ¢ asht&iined in

through the press molding, i.e. a magnetic disk glass substrate, was

Exanfpien ut. €844hd e aperyessesd apidiag ivasesaiied subrepadtediyOPkent
plurality of pieces of the glass material 14 for each of Examples A and B.

re leBatsBlitgyvere that for Example A, as the press molding was repeated,
attachment of the glass material 14 to the die 16a, cracking of the glass

[004B3terial 14 and so on became progressively more severe. In contrast, for
Example B, even upon repeating the press molding, such things were not
sedfromhapenaiodie glassronajhriaihiked fieosgh thepressenddingt bwas
rather good magnetic 21 disk glass substrates could be obtained. That is,

ascdtras nast¢harh exbinaé whenepa g aod) eeld@sabitipouas! ricobtainepyrolysis
Example A, the mold release layers in Example B had excellent

so areltas#ibitity.§004 $tFrerhabsadovee thiosighfithediesivexpellimeagvewasi t was
ascertained that converting an organic compound layer by pyrolysis

shown that the organic compound must not vaporize at a temperature

below the pyrolysis temperature.

[0046]

Next, a second experiment will be described. This
experiment was carried out to investigate a suitable thickness for
the mold release layers. In this experiment, tricosane, which was
used for Example B in the first experiment, was used as the organic
compound. As iIn the first example described above, layers
comprising tricosane were pyrolyzed so as to provide mold release
layers on the die 16. In the present second experiment, three dies
16 having mold release layer average thicknesses of 50 nm, 100 nm,
and 500 nm were prepared. In the following description, the case
that mold release layers of average thickness 50 nm were provided
is taken as Example C, the case that mold release layers of average
thickness 100 nm were provided is taken as Example D, and the case
that mold release layers of average thickness 500 nm were provided
iIs taken as Example E. Moreover, in the following, similarly to

in the First experiment, the reference numerals for the different
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so as to form a mold release layer is effective. Moreover, it was shown
that the organic compound must not vaporize at a temperature below the
pyrolysis temperature. 0046] Next, a second experiment will be described.
This experiment was carried out to investigate a suitable thickness for

consPffiRHTelEaRpdRETEs NS SFEYPE CEIPO 8RS § B ¥V asr &S8P fRinded

Example B in the first experiment, was used as the organic compound.

wi thAs #rthfirghexaaie gesenkethaaove, layers RORHsisiGEIGOFapRAkIte D,
pyrolyzed so as to provide mold release layers on the die 16. In the

and presenisegeadexperisentxhngadies 16 having mold release layer
average thicknesses of 50 nm, 100 nm, and 500 mm were prepared. In

[004hg following description, the case that mold release layers of average
thickness 50 mm were provided is taken as Example C, the case that

mokhréieasplbyersof Byetaye Ehickapec iV oy Weyeayevinelds teke T the
as Example D, and the case that mold release layers of average
abowubigdess 2e0ten akredroxited fsadken as Ekhigaa &.Jlasovessirctier i ed
following, similarly to in the first experiment, the reference numerals for
out Umeiditietdre 24 eodsicyehbdgmponedes. in Teergapestvegxaonddtams were
appended with "c" in the case of Example C, "d" in the case of Example
madeD tanbee'trethearaseas Bxantble B DOFT] exprammpstC, DAana@ Evalue
respectively, press molding of the above glass material 14 made of
i nd igtamimgsiltdae dgggerastafledness of the surface of the magnetic
disk glass substrate obtained through the press molding, the
arithmetic mean waviness Wa of the surface was investigated, and
the releasability of the glass material 14 from the die 16 was
evaluated. Note that in view of the increase in recording density
and decrease in head flying height for magnetic disks, it is
preferable for the arithmetic mean waviness Wa of the surface of
a magnetic disk glass substrate to be less than 50 nm.
[0048]

The results of the investigation were that the arithmetic
mean waviness Wa of the surface of the magnetic disk glass
substrates manufactured using the dies 16c and 16d of Examples C
and D was less than 50 nm. In contrast, the arithmetic mean
waviness Wa of the surface of the magnetic disk glass substrates
manufactured using the die 16e of Example E was not less than 50
nm. It was thus ascertained that good glass substrates can be
obtained by making the average thickness of the mold release layers

formed as described above be from 50 to 100 nm.
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out using the die 16¢, 16d, or 16e. The pressing conditions were made to
be the same as in the first experiment. As a value indicating the degree of
flatness of the surface of the magnetic disk glass substrate obtained
through the press molding, the arithmetic mean waviness Wa of the

oogfface was investigated, and the releasability of the glass material 14
from the die 16 was evaluated. Note that in view of the increase in

recREsiRg e v ukpRa eReA t WERH BEnsdiglibes MagRedcalighsr iment

is preferable for the arithmetic mean waviness Wa of the surface of a

was E@gnebe diskeoessishhsiaie)tarberess #irn b8 nrR4sd hpagsplsstould

the investigation were that the arithmetic mean waviness Wa of the

be fairag.of the Mapsetxgiskiglasa subsiretesamenufacigtiedvasinglibdn to be
dies 16¢c and 16d of Examples C and D was less than 50 nm. In contrast,

effdbe avithiethm mdan Ravdessxfyaroi hee sy rfaes olikednagnaticediskganic
glass substrates manufactured using the die 16e of Example E was not
compessithanis) thie.dreseritut@bedrapes-iae gogdtyless b statesvaang mold
be obtained by making the average thickness of the mold release layers
re |l daseed agalesciibethadotb edom Oitnd MDirfrfie 2810048k Heat s thede
experiment will be described. This experiment was carried out to
prepavestigatd hewdh& fesldneleabe taygms shbalse bedsritédtin thisone, the
experiment, tricosane, which was shown to be effective from the first
organdehospywas laye s trererdanioed on a die 16 that had been heated
to at least the pyrolysis temperature of the organic compound,
whereas in the other, the organic compound layers were formed on
a die 16 at a temperature below the pyrolysis temperature of the
organic compound as in the first and second experiments described
above. In the following description, the case that the organic
compound layers were formed using the former method is taken as
Example F, and the case that the organic compound layers were
formed using the latter method is taken as Example G. Moreover,
in the following, similarly to the first and second experiments,
the reference numerals for the different constituent components
in the respective examples are appended with “f” iIn the case of
Example F, and “g” in the case of Example G.
[0050]
In Example F, a die 16f having neither organic compound
layers nor mold release layers formed thereon was heated to 500 °C,
which 1s a temperature above the pyrolysis temperature of

tricosane, In a nitrogen gas atmosphere, and then a solution of
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compound. In the present third experiment, two dies 16 having mold
release layers formed thereon using different methods were prepared.
The difference between these was that in one, the organic compound
layers were formed on a die 16 that had been heated to at least the

tri dOSaNES IPRRKSIREG PE BT GHIACSOMRIMN da Wi pas Bl e eh & Bress
organic compound layers were formed on a die 16 at a temperature

mo 1 diRigvsihefacey s eampgratre of e 1 pepisnporad ¢2da tharefiately
and second experiments described above. In the following description,

aftdPerersappAtibaeigmic KePrERPESEMaypPaveedRENSe NsiD @ d™app 1 ied
method is taken as Example F, and the case that the organic compound

on dayersthere iovenesestagéhelritekneiBod B tekenmsitxaraledse layers
Moreover, in the following, similarly to the first and second experiments,

prodbeedfeteneighmerals igrib ¢ gifiereofcanstituari cosapmeamtss in 0. nm.
respective examples are appended with "f* in the case of Example F, and

[005%] in the case of Example G. [0050] In Example F, a die 16f having
neither organic compound layers nor mold release layers formed thereon
wadhetlter otbhed Gantichiis &iampdrat@e asountiexpynplsid described
temperature of tricosane, in a nitrogen gas atmosphere, and then a

abowan]utiohagyfedd cooysans in@ tolediEsamganiasofamecheamaied oftdtie press
press molding surfaces 46f and 48f. The tricosane pyrolyzed immediately

mo | cHfteg therdsatieatidog lanhistBganfpie dH ehtGplodvi ngha dmhipe ratsuehoe low
that the average thickness of the mold release layers

the pyrolysis temperature of tricosane. The die 16g was then

heated to 600 °C, which is above the pyrolysis temperature, whereby

a mold release layers of average thickness 100 nm was formed on

each of the press molding surfaces 46g and 48g.

[0052]

Using the dies 16T and 16g having mold release layers formed
thereon In this way, magnetic disk glass substrates were
manufactured by press molding a glass material 14 as in the second
experiment described above, and the surface form was investigated.
The results were that as for Example D described above, for Example
G a magnetic disk glass substrate having a surface with an
arithmetic mean waviness Wa of less than 50 mm could be obtained.
In contrast, for Example F, the arithmetic mean waviness Wa of the
surface of the magnetic disk glass substrate manufactured was not
less than 50 nm. This is conjectured to be due to the solution
containing the tricosane being applied onto the press molding

surfaces 46Ff and 48f at a temperature above the pyrolysis
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produced through the pyrolysis of the tricosane was 100 nm. [0051] On
the other hand, in Example G, as in Example D described above, a layer
comprising tricosane was formed on each of the press molding surfaces
469 and 48g of a die 16g having a temperature below the pyrolysis

tempEPEIFER PT FitOSPT chRasie, 188 avaringnrBTaieddo RAFsWaisiNia not

above the pyrolysis temperature, whereby a mold release layers of

be nRMREAED HekRess 1M0IPETaEH@ERe 98 _each of the press molding
surfaces 46g and 48g. [0052] Using the dies 16f and 16g having mold

[0058lpase layers formed thereon in this way, magnetic disk glass substrates
were manufactured by press molding a glass material 14 as in the second

exartnetheeparbssabarel PodeRpstifaea fQritvaa i vestertedi ndie that
results were that as for Example D described above, for Example G a

it iRqoneficdhsd glass fdrsiratedhavigaristiidangoiih@n aydrmeticeaehnot the
waviness Wa of less than 50 mm could be obtained. In contrast, for
predsxamopifghsarifizivetic aeamvadBess Whofdlie siéfere of tiemperature
magnetic disk glass substrate manufactured was not less than 50 nm.
be 1 olhitlsecyectlyed © edpe ita tha eolofot heordamganyithedonpsaned .
being applied onto the press molding surfaces 46f and 48f at a
[O0Séhhperature above the pyrolysis 25 temperature of the tricosane, the mold
release layers could not be made to have a uniform thickness. [0053]

Next, a fourth example will be described. This experiment
was carried out to investigate what constituent elements the
organic compound is preferably made to have for obtaining the mold
release layers. In this experiment, mold release layers were
formed using four organic compounds. In the following description,
the case that pentadecyl alcohol (CisH3:0) which is a saturated
hydrocarbon type alcohol was used as the organic compound is taken
as Example H, the case that stearyl amine (CigHzgN) which is a
saturated hydrocarbon type amine was used as the organic compound
iIs taken as Example 1, the case that tetracosanoic acid (Cy4Hsg02)
which is a saturated hydrocarbon type carboxylic acid was used as
the organic compound is taken as Example J, and the case that sodium
tetracosanoate (Cy4Hsi70oNa) which is a sodium salt of a saturated
hydrocarbon type carboxylic acid was used as the organic compound
is taken as Example K. Moreover, in the following, similar to in
the first experiment, the reference numerals for the different
constituent components In the respective examples are appended

with “h” in the case of Example H, “i” In the case of Example 1,
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From the present third experiment, it was ascertained that it is preferable
to form the organic compound layer on each of the press molding
surfaces 46 and 48 of the die 16 at a temperature below the pyrolysis
temperature of the organic compound. [0054] Next, a fourth example will

“j G depeiRassd b rexpeiiipaat yaskriried-ouf i ¥yestaale WidExample K.
constituent elements the organic compound is preferably made to have
[ooggnobtaining the mold release layers. In this experiment, mold release

layers were formed using four organic compounds. In the following

desuipterc HieraaganipaiaeeAtadery! alsarat ©npROD \WeisBisBed above,

saturated hydrocarbon type alcohol was used as the organic compound is
1 aydrkesoad Ekeimie théhesgse chdataicandanieedodgbi3ad Wweliieh#® emed on

saturated hydrocarbon type amine was used as the organic compound is
a ditakenasiBigneg |, e tekethai irjracosmpeicabid- €024 HaBadievdyel lysis
is a saturated hydrocarbon type carboxylic acid was used as the organic
tempzanaue cftakeatas Eyamipte doapddingl caselibati$edivas then heated to
tetracosanoate (C24H4702Na) which is a sodium salt of a saturated

600 MRGiratarbhn ipeabanbe xyeapy vaby/sdes] e tipeombnicecompeunadys mold
taken as Example K. Moreover, in the following, similar to in the first

re |l eagerlaget the Feiwenag et ecks ésshEOdiffeneme reo fsitoet on the press
components in the respective examples are appended with "h" in the

mo l ddezg SUEfaapk HoH "anthd 8asedsd ExardpisSin ,288j ianbe4ke ofr 46k and
Example J, and "k" in the case of Example K. [0055]

48k of the die 16h, 161, 16j, or 16k.

[0056]

Using each of the dies 16h, 161, 16j, and 16k having mold
release layers formed thereon iIn this way, magnetic disk glass
substrates were manufactured by press molding a glass material 14
as 1In the second experiment described above. The press molding
was carried out a plurality of times for each of Examples H, I,
J, and K, and the surface form of the magnetic disk glass substrates
obtained was Investigated. The results were that for Examples H,
I, and J, magnetic disk glass substrates having a surface with an
arithmetic mean waviness Wa of less than 50 nm could be
continuously obtained. In contrast, for Example K, the arithmetic
mean waviness Wa of the surface of the magnetic disk glass
substrate became not less than 50 nm. This is because the press
molding surfaces 46k and 48k progressively lost their flatness as
the number of times of press molding increased. The reason that

the press molding surfaces 46k and 48k lost their flatness as the
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For each of Examples H to K, as for Example D described above, layers
comprising the respective organic compound were formed on a die 16h,
16i, 16j, or 16k having a temperature below the pyrolysis temperature of
that organic compound. The die was then heated to 600 C which is above

numbEf BFOVRiRSBICHtESs WArg K ?Hcf%ﬁ%‘é%l'%fﬂﬁé\(ﬁé?gﬁs thought
thickness 100 mm were formed on the press molding surfaces 46h and

to ba8Pn4®i eRd 4 A6l RAE4RbenABKIaNE AR Ehe dimidlinkSisalii ah (Na),
16k. [0056] Using each of the dies 16h, 16i, 16j, and 16k having mold

and t¢lgaspdavaadaraed-teraer in s mayentransiisciiitaeso Pusd deganic
were manufactured by press molding a glass material 14 as in the second

compyipsdinaanttes gipasigione . tdifpereatelding dBrepied\astidess on the

plurality of times for each of Examples H, I, J, and K, and the surface
predermaf diegragnefiacisk_glan sebsilases tohitined M inykstigatad 1 ed

The results were that for Examples H, |, and J, magnetic disk glass
desaupstratas halibgreotuiface Wwitbrarhearghmeiie rseae WayppesssVinoftkescase
than 50 mm could be continuously obtained. In contrast, for Example K,
thathelzitongan rneaovpoimassadatd iins sariaddneftheatadddic dibkment.
glass substrate became not less than 50 nm. This is because the press
Moremukling saridve césie atldadasit beogregsivety tasttieeinflacmstaansha halogen
number of times of press molding increased. The reason that the press
suchmailifd vorfaces {61 aod 48kliostitheir (GlNessthethmataatbee of likes are
of press molding increased in this way is thought
corroded by the halogen, and hence if mold release layers are
formed using such an organic compound and press molding is carried
out repeatedly, then the press molding surfaces progressively lose
their smoothness. For this reason, i1t is similarly undesirable
to obtain magnetic disk glass substrates by press molding using
a die having mold release layers formed thereon using such an
organic compound.
[0057]

From the above, according to the fourth experiment, It was
ascertained that i1t i1s preferable to use an organic compound not
containing a metallic element or a halogen as the organic compound
for obtaining the mold release layers. Such an organic compound
iIs, in other words, an organic compound composed of only a
combination of elements selected from the group consisting of
carbon, hydrogen, oxygen, and nitrogen. For example, such organic
compounds include docosane (CyzHss), tetracosane (CosHso),

pentacosane (CusHsy), and hexacosane (CaeHss) -
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to be that the organic compound in Example K contains sodium (Na) ,

and this remained as residue after the decomposition of the organic

compound at the pyrolysis temperature, forming unevenness on the press

molding surfaces. Note also that, although detailed description will not be
[ooggﬁen here, the same happens in the case that the organic compound

contains another metallic element. Moreover, in the case that the organic

COTRBRWIY §ARAIBSthBAfqaat WETES R8I PSR EeilBéd above,

protective films are corroded by the halogen, and hence if mold release

it vaxersisenfotmat usingd3dch-an eseaniq 89Bwonad By rikes MAdieg is
carried out repeatedly, then the press molding surfaces progressively

reldasadbei epnoaihecss hesdisdpasen ibis deniany updesiiald h each of
obtain magnetic disk glass substrates by press molding using a die

the paéss molddilegssuayisdermed dmereds usinglsect e Deg@yicForming an
compound. [0057] From the above, according to the fourth experiment, it

organds esogytauned khgkir ispngfessalectd oselboroygamit abrhpagitdons e lement
containing a metallic element or a halogen as the organic compound for

sel edteninDte bkl gleage lepersi Stehgnadrghyid rrogepou rak ygy ém otret
words, an organic compound composed of only a combination of

ni tralgmentsasel etiedrfrarn nive gidupgcdisistinggetn ¢éarboom ppddebayer by
oxygen, and nitrogen. For example, such organic compounds include

heatdowstne dC22EE6Y, Eracpyaed YSisHEepenakiosene {CebE5Syganic
and hexacosane (C26H54) 28

compound. Moreover, the heating to at least the pyrolysis

temperature of the organic compound is preferably carried out in

a non-oxidizing atmosphere as in the above experiments so as to

prevent unintended reactions of the organic compound from

occurring.

[0059]

By providing an organic compound layer on each press molding
surface and heating to at least the pyrolysis temperature in this
way, a mold release layer having excellent releasability can be
formed, and hence the mold release layer itself can be produced
inexpensively. A magnetic disk glass substrate manufactured using
a die having such mold release layers thereon is thus inexpensive.
Moreover, by using a die having such mold release layers thereon,
glass molded articles having an excellent surface form can be
obtained even upon carrying out press molding repeatedly, and
hence 1t is clear that the mold release layers are suitable for

mass production. More specifically, a magnetic disk glass
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0058] According to the first to fourth experiments described above, it was
shown that a mold release layer having excellent releasability, cleanliness
and so on can be provided on each of the press molding surfaces 46 and
48 of the die 16 by forming an organic compound layer composed of
sub<EraTe Ml AHGaEMP RSB MR tSYaFPAJEOTFHIg IEUD eRNStRifgRictured
hydrogen, oxygen and nitrogen, and then converting the organic
throRPawyl lByRERY hAaling WEEIRAS tas AY oSS iempe/ iy e Shdhe molld
organic compound. Moreover, the heating to at least the pyrolysis
rel da8waraiuse of the pEgRNIC spaPRINSEISRIGH I &Rl eEFSRIFIEYS Substrates
non-oxidizing atmosphere as in the above experiments so as to prevent
can Wunigaded seaetintedf ihe gpeaitid vempound from occurring. [0059] By
providing an organic compound layer on each press molding surface and
[0068Thting to at least the pyrolysis temperature in this way, a mold release
layer having excellent releasability can be formed, and hence the mold
relddse [pyesisetf dan/eepiatudedsinexpansigsyribvdgneticsdisk otstai |
substrate manufactured using a die having such mold release layers
thrabgredarhis tabs e geinstenévidiepveu tbyidsisbaudid Hayinmdeestsiraddl that
release layers thereon, glass molded articles having an excellent surface
var ifours cenchd ptadinod 2 venaipussarbAeg bot ptdss moetientegeatediyion so
and hence it is clear that the mold release layers are suitable for mass
longoradudiiwredie specifiealntd oraghean diékeglapd rit or scope of the

invention described in the claims. This is, the present invention
includes amendments and modifications included under the scope and

gist of the claims and equivalents thereof.
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29 substrate having an excellent surface form can be manufactured
through the reheat press method using a die having such mold release
layers thereon, and hence magnetic disk glass substrates can be mass
produced inexpensively. 0060] The present invention has been described
Whath peng d§iad gthjeugh the above embodiments, but it should be
understood that various modifications are possible for the present
invention sq lpagRsdhere rpuFad@ien HgmatheraE! aolePiePidie for a
invention described in the claims. This is, the present invention includes
glasdngadivepisiancRwdifications dstyiersirder the scope and gist of the
claims and equivalents thereof. 30 What Is Claimed Is: 1. A method of
maaufacigingeepress foidinagliaos agalabe waMseliriberagkedn a press
comprising: a first step of forming an organic compound layer on a press
mo 1 dialglingsthidace offtheltie caet a srdond step of converting the organic
compound layer formed in the first step into a mold release layer by
heatingsiooatilesttp pyfolysiavempéragurehef tbe gagdnic compound. 2ayer
The method of manufacturing a press molding die according to claim 1,
Tormeblenamn tine ofgarsd cetrgqouinadtie comodstdrefl eadwrl ayeratdgabeartang to
element selected from the group consisting of hydrogen, oxygen and
at leasdea pyrolysis temperature of the organic compound.

2. The method of manufacturing a press molding die
according to claim 1, wherein the organic compound is composed of
carbon, and at least one element selected from the group consisting
of hydrogen, oxygen and nitrogen.

3. The method of manufacturing a press molding die
according to claim 1 or 2, wherein the mold release layer is formed
to an average thickness of from 50 to 100 nm on the press molding
surface In the second step.

4. The method of manufacturing a press molding die
according to any of claims 1 through 3, wherein the second step
IS carried out In a non-oxidizing atmosphere.

5. The method of manufacturing a press molding die
according to any of claims 1 through 4, wherein the glass material
is a glass material for a magnetic disk glass substrate.

6. The method of manufacturing a press molding die
according to any claims 1 through 5 and the press molding die

manufactured there from.
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3. The method of manufacturing a press molding die according to claim 1
or 2, wherein the mold release layer is formed to an average thickness of
from 50 to 100 mm on the press molding surface in the second step. 4.
The method of manufacturing a press molding die according to any of
claims 1 thioughgh MiRICHTER HR98d slepderatiiethartifattured from a
non-oxidizing atmosphere. 5. The method of manufacturing a press
methoalGFhAuFROFdiPDig an |9é§|§iml%iﬂﬂgl&he4a‘ﬂbémi e 8ipasy claim
material is a glass material for a magnetic disk glass substrate. 6. The
1 tHrethgd & nanwiRserngHepiesseatidpeedis Aeaaidingite anyedaims 1
through 5 and the press molding die manufactured there from. 31 7. A
magnetic disk glass substrate manufactured from a method of
manufacturing a press molding die according to any claim 1 through 6 in
which the reheat press method is used. 32
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