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Description 

 

Title of Invention: METHOD FOR PRODUCING GLASS BLAN K. 

 

Technical Field 

 [0001] 

 The present invention relates to a method of manuf acturing 

a glass blank, a method of manufacturing a magnetic  recording medium 

substrate, and a method of manufacturing a magnetic  recording medium. 

 

Background Art 

 [0002] 

 As a method of manufacturing a magnetic recording medium 

substrate (magnetic disk substrate), there are typi cally exemplified 

(1) a method of manufacturing a substrate through a  press-molding 

step of subjecting a molten glass gob to press-mold ing with a pair 

of press molds (hereinafter, sometimes referred to as "press method".  

See Patent Literature 1 or the like), and (2) a met hod of manufacturing 

a substrate through a processing step of cutting, i nto a disk shape, 

a sheet-shaped glass formed by a float method, a do wn-draw method, 

or the like (hereinafter, sometimes referred to as "sheet-shaped 

glass-cutting method."  See Patent Literature 2 or the like). 

 [0003] 

 In conventional sheet-shaped glass-cutting methods  

exemplified in Patent Literature 2 and the like, a magnetic recording 
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medium substrate was obtained by carrying out a dis k processing 

step of processing a sheet-shaped glass into a disk  shape and then 

carrying out, as polish steps, a lapping step (roug h-polishing 

treatment) and a polishing step (precision-polishin g treatment).  

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] 

 On the other hand, in conventional press methods e xemplified 

in Patent Literature 1 and the like, a magnetic rec ording medium 

substrate is usually obtained by carrying out a pre ss-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 pr essing pressure 

is then applied to the molten glass gob from the ve rtical direction 

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] 

 In addition, it is proposed that, in the press met hod shown 

in Patent Literature 1, the press-molding step is c arried out with 

a method in which a pressing pressure is applied to  a molten glass 

gob from the horizontal direction by using a pair o f press molds 

arranged so as to face each other in the horizontal  direction 

As a method of manufacturing a magnetic recording medium substrate (magnetic di sk substrate) ,
there are typically exemplified (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 pre s s molds (hereinafter, sometimes
referred to as "pre s s 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, sometimes referred to
as "sheet-shaped glass-cutting method." See Patent Literature 2 or the like). [0003]
Inconventionalsheet-shaped glass-cutting methods exemplified in Patent Literature 2 and the like, a
magnetic recording  medium substrate was obtained by carrying out a disk processing step of
processing a sheet-shaped glass into a disk shape and then carrying out, as polish steps, a lapping
step (rough-polishing treatment) and a polishing step (precision-polishing treatment). However, it is
disclosed that, in the sheet-shaped glass-cutting method shown in Patent Literature 2, the lapping step
(rough-polishing treatment) is eliminated and only the polishing step (precision-polishing treatment) is
carried out as a polish step. [0004] 
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(hereinafter, sometimes referred to as "horizontal direct press").  

Further, Patent Literature 2 discloses the followin g four respects 

as advantages and disadvantages for the case of emp loying the 

horizontal direct press: (1) there is a difficult a spect that a 

pair of press molds must be moved at a high speed; (2) a molten 

glass gob can be subjected to press-molding under a  state in which 

its temperature is high; (3) a thinner glass substr ate precursor 

(glass blank) can be obtained; and (4) a polish ste p can be diminished 

or eliminated.  However, Patent Literature 2 does n ot disclose what 

kind of polish step can be diminished or eliminated . 

 [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 

is subjected to press-molding is usually formed by cutting the forward 

end portion of a molten glass flow falling downward  in the vertical 

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 shear blades is formed in the surface of the mo lten glass gob.  

As a result, when a glass blank for a magnetic reco rding medium 

substrate is manufactured with vertical direct pres s, there finally 

remain, in both surfaces of the glass blank, an irr egular portion 

(which may be referred to as "shear mark") such as a minute line, 

a groove, or an air bubble derived from the separat ion mark.  Thus, 

it is proposed that a recessed portion is provided in the central 

portion of the molding surface of a lower mold in o rder to reduce 

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 method shown in Patent Literature 1, the press-molding step is carried out with a method in
which a pressing pressure is applied to a molten glass gob from the horizontal direction by using a pair
of press molds arranged so as to face each other in the horizontal direction  (hereinafter, sometimes
referred to as "horizontal direct press" ) . Further, Patent Literature 2 discloses the following four
respects as advantages and disadvantages for the case of employing the horizontal direct press: (1)
there is a difficult aspect that a pair of press molds must be moved at a high speed; (2) a molten glass
gob can be subjected to press-molding under a state in which its temperature is high; (3) a thinner
glass substrate precursor (glass blank) can be obtained; and (4) a polish step can be diminished or
eliminated. However, Patent Literature 2 does not disclose what kind of polish step can be diminished
or eliminated. [0006]        Further, when the press-molding step exemplified in Patent Literature 1 or
the like is carried out, a molten glass gob that is subj ected to pre s s-molding s usually formed by
cutting the forward end portion of a molten glass flow falling downward in the vertical direction by
causing a pair of shear blades to cross the molten glass flow. Thus, a separation mark produced by
the contact with the shear blades is formed in the surface of the molten glass gob. As a result, when a
glass blank for a magnetic recording medium substrate is manufactured with vertical direct press,
there finally remain, in both surfaces of the glass blank, an irregular portion (which may be referred to
as "shear mark") such as a minute line, a groove, or an air bubble derived from the separation mark.
Thus, it is proposed that a recessed portion is provided in the central portion of the molding surface of
a lower mold in order to reduce 
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a polishing allowance of a glass blank having such shear mark, thereby, 

for example, improving the productivity of a magnet ic 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 2003-36528 A (FIG. 3 to F IG. 6, FIG. 

8, and the like) 

 [Patent Literature 3] JP 2001-192216 A (claim 1, p aragraphs 

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, it is very 

effective to eliminate a lapping step or to carry o ut a lapping 

step in a shorter time, the lapping step being carr ied out mainly 

for the purposes of securing the flatness and unifo rmity in thickness 

of the magnetic recording medium substrate, adjusti ng its thickness, 

and the like.  This is because, carrying out the la pping step requires 

a lapping apparatus, and hence man-hours for manufa cturing a magnetic 

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) 
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recording medium substrate become larger and the pr ocessing time 

thereof increases.  Further, the lapping step may c ause the 

occurrence of cracks in the surfaces of glass.  Thu s, the present 

situation is that examination is being made on how to eliminate 

the lapping step.  Here, when the sheet-shaped glas s-cutting method 

and the press method are compared from the viewpoin t of eliminating 

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 flatness manuf actured by a 

float method, a down-draw method, or the like.  How ever, the press 

method has the advantage that glass is used more ef ficiently compared 

with the sheet-shaped glass-cutting method. 

 [0009] 

 In order to eliminate a lapping step or to carry o ut a lapping 

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 

make the thickness deviation of the glass blank sma ller and to improve 

the flatness thereof.  This is because the process for producing 

the magnetic recording medium substrate from the gl ass blank does 

not include a step of adjusting the flatness of a g lass plate 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 

[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
s a lapping apparatus, and hence man-hour s for manufacturing a magnetic recording medium
substrate become larger and the processing time thereof increases. Further, the lapping step may
cause the occurrence of cracks in the surfaces of glass. Thus, the present situation is that examination
is being made on how to eliminate the lapping step. Here, when the sheet-shaped glass-cutting
method and the press method are compared from the viewpoint of eliminating the lapping step, more
advantageous is the sheet-shaped glass-cutting method, in which processing is carried out by using a
sheet-shaped glass having a higher flatness manufactured by a float method, a down-draw method, or
the like. However, the press method has the advantage that glass is used more efficiently compared
with the sheet-shaped glass-cutting method. [0009] 
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temperature of a lower mold is set to a temperature  sufficiently 

lower than the temperature of a high-temperature mo lten glass gob 

in order to prevent the molten glass gob from melti ng and bonding 

to the lower mold.  Thus, during the period from pl acing the molten 

glass gob on the lower mold until starting press-mo lding, the molten 

glass gob loses heat through the surface being in c ontact with the 

lower mold, and hence the viscosity of the lower su rface of the 

molten glass gob placed on the lower mold locally i ncreases.  As 

a result, the press-molding is carried out to the m olten glass gob 

having a wide viscosity distribution (temperature d istribution), 

producing portions that resist stretching by press.   Besides, a 

cooling speed after the press-molding is different for each site 

in a glass molded body produced by stretching glass  by press-molding 

so as to have a plate shape.  Consequently, a glass  blank that is 

manufactured by using vertical direct press is liab le to have an 

increased thickness deviation or to have a deterior ated flatness. 

 [0010] 

 Thus, in order to eliminate a lapping step or to c arry out 

a lapping step in a shorter time at the time of pro ducing a magnetic 

recording medium substrate by a press method, it is  recommended 

to make the viscosity distribution of a molten glas s gob uniform 

immediately prior to the start of press-molding.  I n order to achieve 

the goal, it is recommended to separate the forward  end portion 

of a molten glass flow flowing out downward in the vertical direction 

from a glass outlet, thereby forming a molten glass  gob, and to 

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 required for the magnetic recording medium substrate must be prepared to eliminate
the lapping step. Here, when a glass blank is produced by vertical direct press, the temperature of a
lower mold is set to a temperature sufficiently lower than the temperature of a high-temperature molten
glass gob in order to prevent the molten glass gob from melting and bonding to the lower mold. Thus,
during the period from placing the molten glass gob on the lower mold until starting press-molding, the
molten glass gob loses heat through the surface being in contact with the lower mold, and hence the
viscosity of the lower surface of the molten glass gob placed on the lower mold locally increases. As a
result, the press-molding is carried out to the molten glass gob having a wide viscosity distribution
(temperature distribution), producing portions that resist stretching by press. Besides, a cooling speed
after the press-molding is different for each site in a glass molded body produced by stretching glass
by press-molding so as to have a plate shape. Consequently, a glass blank that is manufactured by
using vertical direct press is liable to have an increased thickness deviation or to have a deteriorated
flatness. [0010]         Thus, in order to eliminate a lapping step or to carry out a lapping step in a
shorter time at the time of producing a magnetic recording medium substrate by a press method, it is
recommended to make the viscosity distribution of a molten glass gob uniform immediatelyprior to the
start of pre s s-molding . In order to achieve the goal, it is recommended to separate the forward end
portion of a molten glass flow flowing out downward in the vertical direction from a glass outlet, thereby
forming a molten glass gob, and to perform press-molding to a falling molten glass gob by horizontal
direct press. In this case, the molten glass gob is temporarily not brought into contact with and not held
by a member having a temperature lower than that of the molten glass gob, such as a lower mold,
during the period until the molten glass gob is subjected to press-molding, and hence the viscosity
distribution of the molten glass gob is kept uniform immediately prior to the start of press-molding.
Therefore, in the case where a glass blank is manufactured by using horizontal direct press, it is
extremely easy to fundamentally suppress the increase of the thickness deviation and the reduction of
the flatness, compared with the case where a glass blank is manufactured by us ing vertical direct
press. Thus, if attention is paid only to this respect, it seems likely that eliminating a lapping step or
carrying out a lapping step in a shorter time can be easily realized. [0011]         However, although a
shear mark remains in the vicinity of the central portion of the glass blank that is manufactured by
using vertical direct press, a shear mark remains at a position away from the vicinity of the central
portion of the glass blank that is manufactured by us ing hori z ontal direct pre s s . Further, when a
glas s blank is processed into a magnetic recording medium substrate, a shear mark remaining at a
position away from the 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 
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perform press-molding to a falling molten glass gob  by horizontal 

direct press.  In this case, the molten glass gob i s temporarily 

not brought into contact with and not held by a mem ber having a 

temperature lower than that of the molten glass gob , such as a lower 

mold, during the period until the molten glass gob is subjected 

to press-molding, and hence the viscosity distribut ion of the molten 

glass gob is kept uniform immediately prior to the start of 

press-molding.  Therefore, in the case where a glas s blank is 

manufactured by using horizontal direct press, it i s extremely easy 

to fundamentally suppress the increase of the thick ness deviation 

and the reduction of the flatness, compared with th e case where 

a glass blank is manufactured by using vertical dir ect press.  Thus, 

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

eliminating a lapping step or carrying out a lappin g step in a shorter 

time can be easily realized. 

 [0011] 

 However, although a shear mark remains in the vici nity of the 

central portion of the glass blank that is manufact ured by using 

vertical direct press, a shear mark remains at a po sition away from 

the vicinity of the central portion of the glass bl ank that is 

manufactured by using horizontal direct press.  Fur ther, when a glass 

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 

at a position serving as the main surface of the ma gnetic recording 

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
portion of a glass blank when the glass blank is manufactured by using horizontal direct press, a
method of manufacturing a magnetic recording medium substrate and a method of manufacturing a
magnetic recording medium using the method of manufacturing a glass blank. [0013]        Further, a
second aspect of the present invention has been made to solve the above-mentioned problems, and
has an object to provide a method of manufacturing a glass blank for manufacturing, by pre s
s-molding molten glass, a glass blank for a magnetic recording medium substrate, the glass blank
having a small thickness deviation, having a good flatness, and enabling a shear mark to be removed
while central-hole forming processing is being performed, a method of manufacturing a magnetic
recording medium substrate, in which a glass blank manufactured by the method described above is
processed into a magnetic recording medium substrate without carrying out a lapping step, and a
method of manufacturing a magnetic recording medium by using a substrate manufactured by the
method described above. Solution to Problems 
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medium substrate, even after a central hole-forming  step of forming 

a central hole is carried out.  Thus, even if the t hickness deviation 

and flatness of the glass blank are immensely impro ved by employing 

horizontal direct press, it becomes difficult to el iminate a lapping 

step or to carry out a lapping step in a shorter ti me because the 

shear mark must be removed. 

 [0012] 

 A first aspect of the present invention has been m ade in view 

of the above-mentioned circumstances, and has an ob ject to provide 

a method of manufacturing a glass blank in which a shear mark is 

localized in the vicinity of the central portion of  a glass blank 

when the glass blank is manufactured by using horiz ontal direct 

press, a method of manufacturing a magnetic recordi ng medium 

substrate and a method of manufacturing a magnetic recording medium 

using the method of manufacturing a glass blank. 

 [0013] 

 Further, a second aspect of the present invention has been 

made to solve the above-mentioned problems, and has  an object to 

provide a method of manufacturing a glass blank for  manufacturing, 

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

medium substrate, the glass blank having a small th ickness deviation, 

having a good flatness, and enabling a shear mark t o be removed 

while central-hole forming processing is being perf ormed, a method 

of manufacturing a magnetic recording medium substr ate, in which 

a glass blank manufactured by the method described above is processed 

[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 but remains as it is, and
hence the separation mark formed at the upper portion of the molten glass gob causes a shear mark
to occur in 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 at a position away from the vicinity of the central
portion of the glass blank that is manufactured by using horizontal direct press, by taking images of a
falling molten glass gob with a high-speed camera and replaying the taken images slowly. [0015]
First, a molten glass gob comes in contact with molding surfaces of press molds, loses heat to the
molding surfaces, and is solidified so as to attach to the molding surfaces. Then, glass with low
viscosity inside the molten glass gob is spread by pressing into the space sandwiched by a pair of the
molding surfaces. Here, when the molten glass gob falls without changing its direction at the time of its
cutting, a separation mark is eventually 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 pushed out 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 mark was positioned in a main surface excluding the region of the vicinity of the central
portion. That is probably the reason why a shear mark remains at a position serving as the main
surface of a magnetic recording medium substrate in the glass blank manufactured by using horizontal
direct press. Note that the reason why the separation mark moves to the above-mentioned position is
estimated that the glass with low viscosity inside the molten glass gob pushes the separation mark out
to molding surface sides. [0016]         Thus, in order for the shear mark remaining in the glass blank to
be present in the region which is removed in a central hole-forming step carried out at the time of
manufacturing a magnetic recording medium substrate, it is necessary for the separation mark present
in the surface of the molten glass gob to be able to come, at the time of press-molding, into contact
with the molding surfaces of the press molds substantially earlier than any other portions of the surface
of the molten glass gob. In this case, the molten glass gob can be stretched isotropically by
press-molding around the separation mark present in the surface of the molten glass gob.
Consequently, a shear mark can be caused to remain in the vicinity of the central portion of the glass
blank. Thus, it is not necessary to provide a large amount 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 time can be realized. 
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into a magnetic recording medium substrate without carrying out 

a lapping step, and a method of manufacturing a mag netic recording 

medium by using a substrate manufactured by the met hod described 

above. 

 

Solution to Problems 

 [0014] 

 The inventors of the present invention have intens ively studied 

in order to solve the above-mentioned problems whic h 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 h eated 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 but remains as 

it is, and hence the separation mark formed at the upper portion 

of the molten glass gob causes a shear mark to occu r in 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 

at a position away from the vicinity of the central  portion of the 

glass blank that is manufactured by using horizonta l direct press, 

by taking images of a falling molten glass gob with  a high-speed 

camera and replaying the taken images slowly. 

[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 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 the
separation mark faces the at least one molding surface; and one sheet of the glass blank is used for
production of one sheet of a magnetic recording medium substrate having a central hole. [0018]
In one embodiment 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 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 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 direction perpendicular to a central axis of the glass 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 contact with at least one molding surface selected from the
molding surface of the first press mold and the molding surface of the second press mold facing a
separation mark, which is formed on an upper surface of the molten glass gob during the separating of
the forward end portion of the molten glas s flow, under a state in which the separation mark faces the
at least one molding surface. [0019] 
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 [0015] 

 First, a molten glass gob comes in contact with mo lding surfaces 

of press molds, loses heat to the molding surfaces,  and is solidified 

so as to attach to the molding surfaces.  Then, gla ss with low 

viscosity inside the molten glass gob is spread by pressing into 

the space sandwiched by a pair of the molding surfa ces.  Here, when 

the molten glass gob falls without changing its dir ection at the 

time of its cutting, a separation mark is eventuall y 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 pre ssed as it is, 

the separation mark should be pushed out to an oute r edge of a flat 

glass obtained by press-molding so as to have a thi n plate shape.  

However, the molten glass gob was actually press-mo lded into a flat 

glass in which a separation mark was positioned in a main surface 

excluding the region of the vicinity of the central  portion.  That 

is probably the reason why a shear mark remains at a position serving 

as the main surface of a magnetic recording medium substrate in 

the glass blank manufactured by using horizontal di rect press.  Note 

that the reason why the separation mark moves to th e above-mentioned 

position is estimated that the glass with low visco sity inside the 

molten glass gob pushes the separation mark out to molding surface 

sides. 

 [0016] 

 Thus, in order for the shear mark remaining in the  glass blank 

to be present in the region which is removed in a c entral hole-forming 

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 glass flow drops down and substantially identical to a major axis direction of the
cross-section near the forward end portion of the molten glass flow and from a direction opposite each
other and crossing a vertical direction. [0020]         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 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 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 be branched and
have any one shape selected from a V-shape and a U-shape. [0021]         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 separation mark, which is present on the surface of the molten glass gob just before
carrying out the press-molding, be positioned on a straight line connecting a central point of the molten
glass gob to any one molding surface selected from the molding surface of the first press mold and the
molding surface of the second press mold in a shortest distance. [0022] 
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step carried out at the time of manufacturing a mag netic recording 

medium substrate, it is necessary for the separatio n mark present 

in the surface of the molten glass gob to be able t o come, at the 

time of press-molding, into contact with the moldin g surfaces of 

the press molds substantially earlier than any othe r portions of 

the surface of the molten glass gob.  In this case,  the molten glass 

gob can be stretched isotropically by press-molding  around the 

separation mark present in the surface of the molte n glass gob.  

Consequently, a shear mark can be caused to remain in the vicinity 

of the central portion of the glass blank.  Thus, i t is not necessary 

to provide a large amount of a grinding allowance a nd/or a polishing 

allowance in order to remove a shear mark, and elim inating a lapping 

step or carrying out a lapping step in a shorter ti me can be realized. 

 [0017] 

 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 a forward end portion of a molten gla ss flow flowing 

out continuously; and after the forming of the molt en glass gob, 

press-molding the molten glass gob dropping down wi th a first press 

mold and a second press mold arranged facing each o ther 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 

gob is brought into contact with at least one moldi ng surface selected 

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 recording medium substrate according to the first aspect of the present invention includes:
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 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 amain surface of the
glass blank; and polishing the main surface, in which 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 the separation mark faces the at least one
molding surface. [0024]        Amethod of manufacturing a magnetic recording medium substrate
according to the first aspect of the present invention includes: 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: forming a central
hole at a central portion of a main surface of the glass blank; and polishing the main surface; and then
manufacturing a magnetic recording medium, including at least forming a magnetic recording layer on
amain surface of the magnetic recording medium substrate, in which 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 the separation mark faces the at
least one molding surface. [0025] 
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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 sep arating of the 

forward end portion of the molten glass flow, under  a state in which 

the separation mark faces the at least one molding surface; and 

one sheet of the glass blank is used for production  of one sheet 

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

 [0018] 

 In one embodiment of the method of manufacturing a  glass blank 

according to the first aspect of the present invent ion, it is preferred 

that: the forming of the molten glass gob be carrie d out by separating 

a forward end portion of a molten glass flow flowin g out continuously 

toward a vertical downward direction; and the press -molding include 

carrying out applying an external force to at least  one glass material 

to be press-molded selected from: (1) the forward e nd 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 mo lten 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 

sum of forces acting in a direction perpendicular t o a central axis 

of the glass material to be press-molded parallel t o the vertical 

direction substantially exceeds 0, in order to rota te the molten 

glass gob so that the molten glass gob can be broug ht into contact 

with at least one molding surface selected from the  molding surface 

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
in collaboration with the movement that the blade portion approaches to and penetrates into the
molten glass flow at the time of cutting the molten glass flow. [0026]         One embodiment of the
shear blade according to the first aspect of the present invention preferably includes the pressing
member which is attachable to and detachable from the body portion and a fitting portion for fitting the
pressing member at the lower surface of the body portion. [0027]         In addition, the inventors of the
present invention have intensively studied in order to solve the above-mentioned problems which the
second aspect of the pre sent invention target s . As a re suit , the inventors have found the findings
described below. Cutting a molten glass flow forms a cut mark at an upper portion of a molten 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 disappearing by the time of the
next cutting. A shear mark that is a problem derives from the cut mark formed at an upper portion of
the molten glass gob. 
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of the first press mold and the molding surface of the second press 

mold facing a separation mark, which is formed on a n upper surface 

of the molten glass gob during the separating of th e forward end 

portion of the molten glass flow, under a state in which the separation 

mark faces the at least one molding surface. 

 [0019] 

  In another embodiment of the method of manufactur ing 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 perpend icular 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 th e molten glass 

flow be carried out by allowing a pair of shear bla des to penetrate 

the molten glass flow from a direction substantiall y perpendicular 

to the direction in which the molten glass flow dro ps down and 

substantially identical to a major axis direction o f the 

cross-section near the forward end portion of the m olten glass flow 

and from a direction opposite each other and crossi ng a vertical 

direction. 

 [0020] 

 In another embodiment of the method of manufacturi ng a glass 

blank according to the first aspect of the present invention, it 

is preferred that: the separating of the forward en d portion of 

the molten glass flow be carried out by allowing a pair of shear 

[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 upper portion of the molten glass gob at the time of the start of the pressing. When the glass is
pressed as it is, the shear mark should be pushed out to an outer edge of a thin flat glass. However,
actually, the glass with low viscosity inside the molten glass gob pushes the shear mark to the
press-molding surface sides, and the shear mark eventually remains in the main surface of the thin flat
glass. [0030]         If a shear mark is brought into contact with a press-molding surface at the time of
the start of pressing and can be solidified so as to attach to the press-molding surface, it is possible to
prevent glass with low viscosity inside a molten glass gob from pushing the shear mark to a position at
which the shear mark is out of control. For that purpose, a position at which the shear mark is formed
needs to be pressed first. 
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blades to penetrate the molten glass flow from a di rection 

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 be branched and have any one shape selected from 

a V-shape and a U-shape. 

 [0021] 

 In another embodiment of the method of manufacturi ng a glass 

blank according to the first aspect of the present invention, it 

is preferred that the separation mark, which is pre sent on the surface 

of the molten glass gob just before carrying out th e press-molding, 

be positioned on a straight line connecting a centr al point of the 

molten glass gob to any one molding surface selecte d from the molding 

surface of the first press mold and the molding sur face of the second 

press mold in a shortest distance. 

 [0022] 

 In another embodiment of the method of manufacturi ng 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 betwee n the molding 

surface of the first press mold and the molding sur face of the second 

press mold and be molded into a flat glass, in whic h at least a 

region in contact with the flat glass in each of th e molding surface 

of the first press mold and the molding surface of the second press 

mold form a flat surface. 

[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 a large amount of a grinding allowance and polishing allowance in order to remove the shear
mark from the main surface. [0032]         The second aspect of the present invention has been made
on the basis of the findings described above in order to solve the above-mentioned problems which
the second aspect of the present invention targets. That is,         the method of manufacturing a glass
blank according to the second aspect of the present invention includes separating a molten glass gob
from a molten glass flow flowing out from a glass outlet, press-molding the molten glass gob into a thin
flat glass by using press 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 molten glass gob
is changed so that the site at which 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] 
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 [0023] 

 A method of manufacturing a magnetic recording med ium substrate 

according to the first aspect of the present invent ion includes: 

manufacturing a glass blank, including at least: fo rming a molten 

glass gob by separating a forward end portion of a molten glass 

flow flowing out continuously; and after the formin g of the molten 

glass gob, press-molding the molten glass gob dropp ing 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 gl ass blank, 

including at least: forming a central hole at a cen tral portion 

of a main surface of the glass blank; and polishing  the main surface, 

in which the press-molding is carried out so that t he molten glass 

gob is brought into contact with at least one moldi ng 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 sep arating of the 

forward end portion of the molten glass flow, under  a state in which 

the separation mark faces the at least one molding surface. 

 [0024] 

 A method of manufacturing a magnetic recording med ium substrate 

according to the first aspect of the present invent ion includes: 

manufacturing a glass blank, including at least: fo rming a molten 

glass gob by separating a forward end portion of a molten glass 

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-shaped shear blades to cross each other. [0035]         In another embodiment of the method
of manufacturing a glass blank according to the second aspect of the present invention, it is preferred
that the direction of the molten glass gob be changed by applying a torque to the molten glass gob at
the time of cutting the molten glass flow. [0036]        Amethod of manufacturing a magnetic recording
medium substrate according to the second aspect of the present invention is characterized 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 according to the second aspect of the present invention and a hole-forming step of providing a
center hole in the center of the main surface. 
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flow flowing out continuously; and after the formin g molten glass 

gob, press-molding the molten glass gob dropping do wn with a first 

press mold and a second press mold arranged facing each other in 

a direction crossing a direction in which the molte n glass gob drops 

down; manufacturing one sheet of a magnetic recordi ng medium 

substrate from one sheet of the glass blank, includ ing at least: 

forming a central 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 

forming a magnetic recording layer on a main surfac e of the magnetic 

recording medium substrate, in which the press-mold ing is carried 

out so that the molten glass gob is brought into co ntact with at 

least one molding surface selected from a molding s urface of the 

first press mold and a molding surface of the secon d press mold 

facing a separation mark, which is formed on a surf ace of the molten 

glass gob during the separating of the forward end portion of the 

molten glass flow, under a state in which the separ ation mark faces 

the at least one molding surface. 

 [0025] 

 A shear blade according to the first aspect of the  present 

invention at least includes a substantially plate-s haped body 

portion, a blade portion, which is provided at an e nd portion side 

of the body portion and cuts the forward end portio n of a molten 

glass flow continuously flowing out downward in the  vertical 

direction from the direction substantially perpendi cular to the 

[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 the method of manufacturing a glass blank, in which a shear mark is localized in the vicinity of
the central portion of a glass blank when the glass blank is manufactured by using horizontal direct
press, the method of manufacturing a magnetic recording medium substrate and the method of
manufacturing a magnetic recording medium using the method of manufacturing a glass blank. [0039]
Besides, the second aspect of the present invention can provide the method of manufacturing a glass
blank for manufacturing, by press-molding molten glass, a glass blank for a magnetic recording
medium substrate, the glass blank having a small thickness deviation, having a good flatness, and
enabling a shear mark to be removed while central-hole forming processing is being performed. The
second aspect of the present invention can also provide the method of manufacturing a magnetic
recording medium substrate, in which a glas s blank manufactured by the above-mentioned method i s
processed into a magnetic recording medium substrate without carrying out a lapping step and the
method of manufacturing a magnetic recording medium by using a substrate manufactured by the
method described above. 
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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 porti on side, and 

presses the forward end portion in collaboration wi th the movement 

that the blade portion approaches to and penetrates  into the molten 

glass flow at the time of cutting the molten glass flow. 

 [0026] 

 One embodiment of the shear blade according to the  first aspect 

of the present invention preferably includes the pr essing member 

which is attachable to and detachable from the body  portion and 

a fitting portion for fitting the pressing member a t the lower surface 

of the body portion. 

 [0027] 

 In addition, the inventors of the present inventio n have 

intensively studied in order to solve the above-men tioned problems 

which the second aspect of the present invention ta rgets.  As a result, 

the inventors have found the findings described bel ow.  Cutting a 

molten glass flow forms a cut mark at an upper port ion of a molten 

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 that is a p roblem derives 

from the cut mark formed at an upper portion of the  molten glass 

gob. 

 [0028] 

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
illustrating one example 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 view
illustrating one example of a falling molten glass gob. 



 18

 A high-speed camera is used to take images of an a ppearance 

of a falling molten glass gob under being pressed a nd the taken 

images are slowly replayed.  The images show that g lass 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 visco sity inside the 

molten glass gob is spread by pressing into the spa ce sandwiched 

by the press-molding surfaces. 

 [0029] 

 When the molten glass gob falls without changing i ts direction, 

a shear mark is positioned at an upper portion of t he molten glass 

gob at the time of the start of the pressing.  When  the glass is 

pressed as it is, the shear mark should be pushed o ut to an outer 

edge of a thin flat glass.  However, actually, the glass with low 

viscosity inside the molten glass gob pushes the sh ear mark to the 

press-molding surface sides, and the shear mark eve ntually remains 

in the main surface of the thin flat glass. 

 [0030] 

 If a shear mark is brought into contact with a pre ss-molding 

surface at the time of the start of pressing and ca n be solidified 

so as to attach to the press-molding surface, it is  possible to 

prevent glass with low viscosity inside a molten gl ass gob from 

pushing the shear mark to a position at which the s hear mark is 

out of control.  For that purpose, a position at wh ich the shear 

mark is formed needs to be pressed first. 

[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 illustrating another part of all steps in the one example of the method of
manufacturing a glass blank in the first embodiment.          [FIG. 10] FIG. 10 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. 11] FIG. 11 is a schematic
cross-sectional view illustrating another part of all steps in the one example of the  
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 [0031] 

 In addition, glass can be pressed and spread unifo rmly around 

the shear mark, and hence the shear mark can be loc alized in the 

central portion of a glass blank.  A glass blank pr oduced by a method 

of manufacturing a glass blank described below acco rding to the 

second aspect of the present invention is processed  into a magnetic 

recording medium having a central hole.  Thus, by l ocalizing a shear 

mark in a region at which the central hole is forme d, the shear 

mark can be simultaneously removed at the time of c enter-hole forming 

processing.  Consequently, it becomes unnecessary t o provide a large 

amount of a grinding allowance and polishing allowa nce in order 

to remove the shear mark from the main surface. 

 [0032] 

 The second aspect of the present invention has bee n made on 

the basis of the findings described above in order to solve the 

above-mentioned problems which the second aspect of  the present 

invention targets.  That is, 

 the method of manufacturing a glass blank accordin g to the 

second aspect of the present invention includes sep arating a molten 

glass gob from a molten glass flow flowing out from  a glass outlet, 

press-molding the molten glass gob into a thin flat  glass by using 

press 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 fall s, and the molten 

glass gob in the air is pressed with press-molding surfaces facing 

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 glass gob 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 glass gob.          [FIG. 15] FIG. 15, which illustrates the method of manufacturing a glass
blank in the second embodiment, illustrates how the separated molten glass gob is falling while
turning.          [FIG. 16] FIG. 16, which illustrates the method of manufacturing a glass blank in the
second embodiment, illustrates how the molten glass gob is falling, while turning, to the space
between press-molding surfaces facing each other. 
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each other, thereby molding the molten glass gob in to the thin flat 

glass, and the direction of the molten glass gob is  changed so that 

the site at which 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] 

 In one embodiment of the method of manufacturing a  glass blank 

according to the second aspect of the present inven tion, it is 

preferred that a cross-sectional shape of the molte n 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 manufacturi ng a glass 

blank according to the second aspect of the present  invention, it 

is preferred that cutting blades cut the molten gla ss flow by causing 

a pair of V-shaped shear blades or a pair of U-shap ed shear blades 

to cross each other. 

 [0035] 

 In another embodiment of the method of manufacturi ng a glass 

blank according to the second aspect of the present  invention, it 

is preferred that the direction of the molten glass  gob be changed 

by applying a torque to the molten glass gob at the  time of cutting 

the molten glass flow. 

 [0036] 

[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 the second embodiment, illustrates a vertical cross section of the press molds and a thin flat glass at
the time of molding glass into the thin flat glass by pressing.          [FIG. 20] FIG. 20, which illustrates
the method of manufacturing a glass blank in the second embodiment, is a vertical cross-sectional
view of the press molds and the thin flat glass illustrating how the thin flat glass is cooled while the
press-molding surfaces are caused to follow the behavior of the thin flat glass.          [FIG. 21] FIG. 21,
which illustrates the method of manufacturing a glass blank in the second embodiment, is a vertical cro
s s- sectional view illustrating how the thin flat glass is demolded from one of the press-molding
surfaces. 
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 A method of manufacturing a magnetic recording med ium substrate 

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  aspect of the 

present invention and a hole-forming step of provid ing a center 

hole in the center of the main surface. 

 [0037] 

 A method of manufacturing a magnetic recording med ium according 

to the second aspect of the present invention is ch aracterized 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 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] 

 As described above, the first aspect of the presen t invention 

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 

[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 
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recording medium substrate and the method of manufa cturing a magnetic 

recording medium using the method of manufacturing a glass blank. 

 [0039] 

 Besides, the second aspect of the present inventio n can provide 

the method of manufacturing a glass blank for manuf acturing, by 

press-molding molten glass, a glass blank for a mag netic recording 

medium substrate, the glass blank having a small th ickness deviation, 

having a good flatness, and enabling a shear mark t o be removed 

while central-hole forming processing is being perf ormed.  The 

second aspect of the present invention can also pro vide the method 

of manufacturing a magnetic recording medium substr ate, in which 

a glass blank manufactured by the above-mentioned m ethod is processed 

into a magnetic recording medium substrate without carrying out 

a lapping step and the method of manufacturing a ma gnetic recording 

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. 

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) 
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 [FIG. 3] FIG. 3 is a graph illustrating one exampl e 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 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 

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 
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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, which illustrates a method of m anufacturing 

a glass blank in a second embodiment, illustrates h ow a molten glass 

flow flowing out from a glass outlet is cut with sh ear blades, viewed 

from the horizontal direction. 

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

manufacturing a glass blank in the second embodimen t, illustrates 

how a molten glass gob 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 glass gob. 

 [FIG. 15] FIG. 15, which illustrates the method of  

manufacturing a glass blank in the second embodimen t, illustrates 

how the separated molten glass gob is falling while  turning. 

 [FIG. 16] FIG. 16, which illustrates the method of  

manufacturing a glass blank in the 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  

manufacturing a glass blank in the second embodimen t, is a vertical 

cross-sectional view of press molds and the molten glass gob 

44U 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 
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illustrating how pressing the molten glass gob star ts. 

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

manufacturing a glass blank in the second embodimen t, is a vertical 

cross-sectional view of the press molds and glass i llustrating 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 the second embodimen t, illustrates 

a vertical cross section of the press molds and a t hin flat glass 

at the time of molding glass into the thin flat gla ss by pressing. 

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

manufacturing a glass blank in the second embodimen t, is a vertical 

cross-sectional view of the press molds and the thi n flat glass 

illustrating how the thin flat glass is cooled whil e the press-molding 

surfaces are caused to follow the behavior of the t hin flat glass. 

 [FIG. 21] FIG. 21, which illustrates the method of  

manufacturing a glass blank in the second embodimen t, is a vertical 

cross-sectional view illustrating how the thin flat  glass is demolded 

from one of the press-molding surfaces. 

 [FIG. 22] FIG. 22, which illustrates the method of  

manufacturing a glass blank in the second embodimen t, illustrates 

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

 

Reference Signs List 

[0042] 

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] 
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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-mol ded) 

24A separation mark 

26 thin flat glass 

30 lower side blade (shear blade) 

32 body portion 

32B lower surface (of body portion) 

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 

<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 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 the separation mark faces the at least one molding surface, and one
sheet of the glass blank is used 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
embodiment, under a state in which the molten glass gob formed by separating from the molten glass
flow falls and reaches the space between the molding surface of the first press mold and the molding
surface of the second press mold, the separation mark formed in the surface of the molten glass gob
at the time of its separation faces at least one of the molding surface sides. Then, the molten glass
gob in that state is press-molded 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 a shear mark to occur 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 blank. In this case, the shear mark is 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 magnetic recording medium substrate. Thus, it is not necessary to provide a large amount of a
grinding allowance and/or a polishing allowance in order to remove the shear mark, and el iminating a
lapping step or carrying out a lapping step in a shorter time can be realized. 
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52A molding surface 

54 guide member 

54A guide surface 

60 second press mold 

62 press mold body 

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]  

 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 formin g of the molten 

[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 defined as Fb, the thickness of the glass blank is defined as tb, and the diameter of a
magnetic recording medium substrate is defined as Fsub, when the following formula (1) is satisfied,
two or more magnetic recording medium substrates cannot be manufactured from one glass blank or
one molten glass gob. -Formula (1)Fsubx2>Fb [0047]         On the other hand, the volume Vgob of a
molten glass gob equals to 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 (2). -Formula (2)Vgobenx(Fb/2)2xtb         Thus, when the following formula (3) is satisfied, only
one magnetic recording medium substrate can be manufactured from one glass blank having the
same volume as one molten glass gob. 
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glass gob, press-molding the molten glass gob dropp ing 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 brought into contact with at le ast one molding 

surface selected from a molding surface of the firs t press mold 

and a molding surface of the second press mold faci ng a separation 

mark, which is formed on a surface of the molten gl ass gob during 

the separating of the forward end portion of the mo lten glass flow, 

under a state in which the separation mark faces th e at least one 

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 ches the space 

between the molding surface of the first press mold  and the molding 

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 

faces at least one of the molding surface sides.  T hen, the molten 

glass gob in that state is press-molded by being pr essed with the 

first press mold and the second press mold.  That i s, the 

press-molding step is carried out under a state in which the separation 

mark causing a shear mark to occur faces at least o ne of the molding 

-Formula (3)Vgob<nx(Fsub2xtb [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 glass gob. [0049]         Further, the molten glass gob separated from the
forward end portion of the molten glass flow may fall down into the space between the first press mold
and the second press mold without turning to any extent but with its falling state kept,
followedbypress-molding. Alternatively, the molten glass gob may fall down into the space between the
first press mold and the second press mold after having turned for a moment or while turning, followed
by press-molding. Here, in the case when the molten glass gob falls down into the space between the
first press mold and the second press mold without turning to any extent but with its falling state kept,
a separation mark formed in the surface of the molten glass gob needs to be positioned at a side
surface of the molten glass gob at the time when the molten glass gob is separated from the forward
end portion of the molten glass flow. [0050] 
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surface sides.  As a result, the shear mark remaini ng in the glass 

blank is eventually localized in the vicinity of th e central portion 

of the glass blank.  In this case, the shear mark i s removed together 

with the central portion (central hole-forming regi on) of the glass 

blank because a central hole is formed at the time of manufacturing 

the magnetic recording medium substrate.  Thus, it is not necessary 

to provide a large amount of a grinding allowance a nd/or a polishing 

allowance in order to remove the shear mark, and el iminating a lapping 

step or carrying out a lapping step in a shorter ti me can be realized. 

 [0046] 

 Note that only one magnetic recording medium is ma nufactured 

from one glass blank produced by the method of manu facturing a glass 

blank in the first embodiment.  In this case, the v olume of a molten 

glass gob to be used for manufacturing one glass bl ank falls, from 

the viewpoint of good use efficiency of glass, pref erably within 

the range of two times or less the volume of one ma gnetic 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 t he glass blank 

is defined as φb, the thickness of the glass blank is defined as 

tb, and the diameter of a magnetic recording medium  substrate is 

defined as φsub, when the following formula (1) is satisfied, t wo 

or more magnetic recording medium substrates cannot  be manufactured 

from one glass blank or  one molten glass gob. 

 ·Formula (1) φsub×2> φb 

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 from the molding surface of the first press mold and the molding surface of the second press
mold, the molten glass gob can be brought into contact with the molding surface facing the separation
mark in the press-molding step. For that purpose, it is necessary to carry out an external
force-imparting step of imparting an external force, from the direction cro s s ing the vertical direction,
to at least one glass material to be press-molded selected from the following glass materials, so that
the vector sum of the forces acting in the direction perpendicular to the central axis of the glass
material to be press-molded, the central axis being parallel to the vertical direction, substantially
exceeds zero: (1) the forward end portion of the molten glass flow separated as the molten glass gob
at the time of carrying out the molten glass gob-forming step; and (2) the falling molten glass gob in
the period from immediately after the completion of the molten glas s gob-forming step until just prior
to the start of the press-molding step. [0051]         By carrying out the external force-imparting step to
the glass material to be pre s s-molded, the molten glas s gob formed by separating from the molten
glass flow turns. Thus, in the stage in which the molten glass gob falls and reaches the space between
the molding surface of the first press mold and the molding surface of the second press mold, the
separation mark positioned in the upper surface of the molten glass gob at the time of its separation
moves to a side surface side of the molten glass gob and faces any one of the molding surface sides.
Then, the molten glass gob in this state is press-molded by being pressed from the horizontal direction
by 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 a shear mark to occur faces any 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 blank. In this case, the shear mark can be 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 a magnetic recording medium substrate. Thus, it is not
necessary to provide a large amount of a grinding allowance and/or a polishing allowance in order to
remove the shear mark, and eliminating a lapping step or carrying out a lapping step in a shorter time
can be realized. [0052]         Here, the molten glass gob may only be turned so that the molten glass
gob faces any one of the molding surfaces. In this case, the phrase "the molten glass faces any one of
the molding surfaces" includes not only the case where the separation mark existing in the 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 connecting, in the shortest distance, the central point of the molten glass gob and any one molding
surface selected from the molding surface of the first press mold and the molding surface of the
second press mold, but also the case where the separation mark is (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 central
point of the molten glass gob with respect to the straight line. Note 
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 [0047] 

 On the other hand, the volume Vgob of a molten gla ss gob equals 

to the volume of a glass blank, if the change of th e volume of glass 

due to temperature change is disregarded.  Specific ally, their 

relationship is represented by the following formul a (2). 

 ·Formula (2) Vgob= π×( φb/2) 2×tb 

 Thus, when the following formula (3) is satisfied,  only one 

magnetic recording medium substrate can be manufact ured from one 

glass blank having the same volume as one molten gl ass gob. 

 ·Formula (3) Vgob< π×φsub 2×tb 

 [0048] 

 Note that the first press mold and the second pres s mold may 

be arranged so that the both face each other in the  direction which 

crosses the falling direction of the molten glass g ob, and it is 

usually particularly preferred that the both be arr anged 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 whic h 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 glass gob. 

 [0049] 

 Further, the molten glass gob separated from the f orward end 

portion of the molten glass flow may fall down into  the space between 

the first press mold and the second press mold with out turning to 

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 shear mark 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-mentioned item (1). Note that the mode shown in the above-mentioned item (1) is most
preferred from the viewpoint that the shear mark can be positioned more reliably in the central portion
of the glass blank or in the vicinity of the central portion. [0053]        A method of forming a molten
glass gob in the molten glass gob-forming step is not particularly limited, and is usually carried out by
using a pair of shear blades. In this case, the separation of the forward end portion of the molten glass
flow is carried out by causing the pair of shear blades to cross with respect to the molten glass flow in
the direction substantially perpendicular to the falling direction of the molten glass 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 separating (cutting) the forward end portion of the molten glass flow, and the shape
is preferably one selected from a V shape and a U shape. [0054] 
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any extent but with its falling state kept, followe d by press-molding.  

Alternatively, the molten glass gob may fall down i nto the space 

between the first press mold and the second press m old after having 

turned for a moment or while turning, followed by p ress-molding.  

Here, in the case when the molten glass gob falls d own into the 

space between the first press mold and the second p ress mold without 

turning to any extent but with its falling state ke pt, a separation 

mark formed in the surface of the molten glass gob needs to be 

positioned at a side surface of the molten glass go b at the time 

when the molten glass gob is separated from the for ward end portion 

of the molten glass flow. 

 [0050] 

 On the other hand, a molten glass gob is usually f ormed by 

separating the forward end portion of a molten glas s flow continuously 

flowing out downward in the vertical direction.  In  this case, a 

separation mark is formed in an upper surface of th e molten glass 

gob immediately after having been separated from th e molten glass 

flow.  In this case, it is necessary to turn the mo lten 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 o f separating 

the forward end portion of the molten glass flow fa ces any one molding 

surface selected from the molding surface of the fi rst press mold 

and the molding surface of the second press mold, t he molten glass 

gob can be brought into contact with the molding su rface facing 

the separation mark in the press-molding step.  For  that purpose, 

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 movement directions are substantially parallel based on the horizontal plane, when the
molten glass gob turns and the separation mark thereby moves from the upper surface of the molten
glass gob to one of its side surface sides, the separation mark existing in the surface of the molten
glass gob just prior to carrying out the press-molding step can face reliably any one of the molding
surfaces of the pair of press molds. Note that a pair of shear blades is generally used to form a molten
glass gob, but Patent Literature 2 does not disclose anything about the relationship in position based
on the horizontal plane between the above-mentioned two movement directions. [0055]         FIG. 1
and FIG. 2 are schematic cross-sectional views illustrating one example of the method of
manufacturing a glass blank in the first embodiment. Specifically, both are views illustrating a process
in which the forward end portion of a molten glass flowwith apair of shear blades is cut . Here, FIG. 1
illustrates the state of before cutting the forward end portion of the molten glass flow, and FIG. 2
illustrates the state of around the completion of cutting of the forward end portion of the molten glass
flow. [0056]         As illustrated in FIG. 1, a molten glass flow 20 is first caused to flow out continuously
downward in the vertical direction from a glass outlet 12 provided at the lower end portion of a glass
effluent pipe 10 whose upper end portion is connected to a molten glass supply source not shown. On
the other hand, at a portion lower than the glass outlet 12, a first shear blade (lower side blade) 30 and
a second shear blade (upper side blade) 40 are arranged at both sides of the molten glass flow 20,
respectively, in the direction substantially perpendicular to a central axis D, which is the falling
direction of the molten glass flow 20. Then, the lower side blade 30 and the upper side blade 40 move
toward an arrow direction X1 and an arrow direction X2, respectively, thereby approaching to a
forward end portion 22 side of the molten glass flow 20 from both sides of the molten glass flow 20.
[0057]         Here, the lower 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 provided at an end portion side of the body portions 32 and 42, and cut the forward end
portion 22 of the molten glass flow 20 continuously flowing out downward in the vertical direction in the
direction substantially perpendicular to the direction to which the molten glass flow 20 falls down. Note
that an upper surface 3413 of the blade portion 34 and a lower surface 44B of the blade portion 44
each have a surface substantially corresponding to the horizontal plane, a lower surface 34B of the
blade portion 34 and an upper surface 44U of the blade portion 44 each have a surface that is slanted
so as to cross the horizontal plane. Besides, the lower side blade 30 further includes a pressing
member 36, which is provided at a lower surface 32B side of the body portion 32, stretches to a blade
portion 34 side from a body portion 32 side, and presses the forward end portion 22 in collaboration
with the movement that the blade portion 34 approaches to and penetrates into the molten glass flow
20 at the time of cutting the molten glass flow 20. In addition, the lower side blade 30 and the upper
side blade 40 are arranged so that the upper surface 34U of the blade portion 34 and the lower
surface 44B of the blade portion 44 are positioned at substantially the same height in the vertical
direction. 
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it is necessary to carry out an external force-impa rting step of 

imparting an external force, from the direction cro ssing the vertical 

direction, to at least one glass material to be pre ss-molded selected 

from the following glass materials, so that the vec tor sum of the 

forces acting in the direction perpendicular to the  central axis 

of the glass material to be press-molded, the centr al axis being 

parallel to the vertical direction, substantially e xceeds zero: 

(1) the forward end portion of the molten glass flo w separated as 

the molten glass gob at the time of carrying out th e molten glass 

gob-forming step; and (2) the falling molten glass gob in the period 

from immediately after the completion of the molten  glass gob-forming 

step until just prior to the start of the press-mol ding step. 

 [0051] 

 By carrying out the external force-imparting step to the glass 

material to be press-molded, the molten glass gob f ormed by separating 

from the molten glass flow turns.  Thus, in the sta ge in which the 

molten glass gob falls and reaches the space betwee n the molding 

surface of the first press mold and the molding sur face of the second 

press mold, the separation mark positioned in the u pper surface 

of the molten glass gob at the time of its separati on moves to a 

side surface side of the molten glass gob and faces  any one of the 

molding surface sides.  Then, the molten glass gob in this state 

is press-molded by being pressed from the horizonta l direction by 

the first press mold and the second press mold.  Th at is, the 

press-molding step is carried out under a state in which the separation 

[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 pressing member 36 in the horizontal direction with respect to the fitting
portion 38. Here, the position of the tip 36A of the pressing member 36 is adjusted, based on the
central axis D of the glass effluent pipe 10, so as to fall within the range covering the positions that are
more distant from the central axis D, in the arrow direction Xl, compared with the position of a tip 34A
of the blade portion 34. This is because, when the position of the tip 36A deviates from this range, the
pressing member 36 comes into contact with the forward end portion 22 earlier than the blade portion
34 at the time of separating (cutting) the forward end portion 22, and hence it becomes highly possible
that the forward end portion 22 separated falls in an obliquely downward direction instead of the
downward vertical direction. Note that the pressing member 36 may be one that is integrally provided
to the body portion 32 in a non-attachable and non-detachable manner, or may be one having a shape
other than a bar shape, such as a plate shape. [0059]        Note that the viscosity of the molten glass
flow 20 is not particularly limited as long as the viscosity is suitable for separating the forward end
portion 22 and press-molding, and it is usually preferred that the viscosity be controlled to a constant
value in the range of 500 dPa-s to 1,050 dPa-s. [0060]        Next, as illustrated in FIG. 2, the lower side
blade 30 and the upper side blade 40 are each moved in the horizontal direction so that the upper
surface 3413 of the blade portion 34 and the lower surface 44B of the blade portion 44 are partially
overlapped substantially without any gap by further moving the lower side blade 30 and the upper side
blade 40 toward the arrow direction X1 and the arrow direction X2, respectively. That is, the lower side
blade 30 and the upper side blade 40 are caused to perpendicularly cross the central axis D. As a
result, the lower side blade 30 and the upper side blade 40 penetrate into the molten glass flow 20
until reaching the vicinity of the central axis D thereof, and the forward end portion 22 is separated
(cut) as a molten glass gob 24 having a substantially spherical shape. At that time, a separation mark
(cut mark) 24A is formed in an upper surface of the molten glass gob 24. [0061] 
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mark causing a shear mark to occur faces any one of  the molding 

surface sides.  As a result, the shear mark remaini ng in the glass 

blank is eventually localized in the vicinity of th e central portion 

of the glass blank.  In this case, the shear mark c an be removed 

together with the central portion (central hole-for ming region) 

of the glass blank because a central hole is formed  at the time 

of manufacturing a magnetic recording medium substr ate.  Thus, it 

is not necessary to provide a large amount of a gri nding allowance 

and/or a polishing allowance in order to remove the  shear mark, 

and eliminating a lapping step or carrying out a la pping step in 

a shorter time can be realized. 

 [0052] 

 Here, the molten glass gob may only be turned so t hat the molten 

glass gob faces any one of the molding surfaces.  I n this case, 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 of the molten glass gob just prior to c arrying out the 

press-molding step is (1) positioned on the straigh t line connecting, 

in the shortest distance, the central point of the molten glass 

gob and any one molding surface selected from the m olding surface 

of the first press mold and the molding surface of the second press 

mold, but also the case where the separation mark i 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 c entral point 

of the molten glass gob with respect to the straigh t line.  Note 

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 direction parallel to the arrow direction X1 and the arrow direction X2 in the
figure) perpendicular to the central axis D of the glass materials to be press-molded 22 and 2 4 , the
central axis D being parallel to the vertical direction, substantially exceeds zero. [0062]         Here, FIG.
3 and FIG. 4 are graphs illustrating examples of the vectors of forces acting in the X-axis direction on
the upper hemisphere of each of the glass materials to be press-molded 22 and 24. Here, in FIG. 3
and FIG. 4, the horizontal axis means the X-axis direction, the right side direction represents the X1
direction, which is the moving direction of the lower side blade 30 at the time of cutting, and the left
side direction represents the X2 direction, which is the moving direction of the upper side blade 40 at
the time of cutting, based on the original point 0. Further, vectors V(30A), V(40), and V(36) illustrated
in FIG. 3 and FIG. 4 mean vectors attributed to the lower side blade 30, the upper side blade 40, and
the pressing member 36, respectively, that is, each mean the force of the component acting in the
X-axi s direction in each of three exterior forces attributed to the lower side blade 30, the upper s ide
blade 40, and the pre s s ing member 36, respectively, the exterior forces being applied to the upper
portions of the glass materials to be press-molded 22 and 24 at around the time of cutting. [0063]
Here, the two vectors V(30A) and V(40) attributed to the lower side blade 30 and the upper side blade
40, respectively, are vectors having substantially the same magnitude, each acting in completely
reverse directions. At the time of cutting, when the lower side blade 30 and the upper side blade 40
start penetrating into the molten glass flow 20, the magnitudes of the vectors V(30A) and V(40) each
start increasing from 0 and then reach a maximum value. After that, when the cutting finishes and the
upper surface of the molten glass gob 24 separates from the lower side blade 30 and the upper side
blade 40, the magnitudes of the vectors each return to 0. That is, these two vectors V(30A) and V(40)
have a relationship of almost 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 0 substantially. 
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that the angle is preferably 30° or less, more pref erably 15° or 

less.  In the case of the above-mentioned item (1),  when press-molding 

is carried out, the separation mark first comes int o contact with 

the molding surface and the molten glass gob in thi s state is 

press-molded, and hence the shear mark is eventuall y positioned 

in the almost central portion of the glass blank.  On the other hand, 

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

is carried out, a part of the surface of the molten  glass gob in 

the vicinity of the separation mark comes into cont act with the 

molding surface at first.  In this case, the shear mark is also 

eventually positioned in the vicinity of the centra l portion of 

the glass blank, though slight displacement of the shear mark is 

more liable to occur compared with the case of the above-mentioned 

item (1).  Note that the mode shown in the above-me ntioned item (1) 

is most preferred from the viewpoint that the shear  mark can be 

positioned more reliably in the central portion of the glass blank 

or in the vicinity of the central portion. 

 [0053] 

 A method of forming a molten glass gob in the molt en glass 

gob-forming step is not particularly limited, and i s usually carried 

out by using a pair of shear blades.  In this case,  the separation 

of the forward end portion of the molten glass flow  is carried out 

by causing the pair of shear blades to cross with r espect to the 

molten glass flow in the direction substantially pe rpendicular to 

the falling direction of the molten glass flow.  No te that the shape 

[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 s V ( 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
flow 20 is pushed by the tip 36A of the pressing member 36, the magnitudes of the vectors V(30A) and
V(40) illustrated in FIG. 3 both become 0, and, as illustrated in FIG. 4, only the vector V(36) acts. As a
result, the vector sum of the forces acting in the X-axis direction well exceeds 0 substantially. [0065]
Note that, in the example illustrated in FIG. 2, the vector V(36) may be caused to act in only the mode
illustrated in FIG. 3, in which the lower side blade 30 and the lower side blade 40 are penetrating into
the molten glass flow 20, the vector V(36) may be caused to act in only the mode illustrated in FIG. 4,
which illustrates the state of after the completion of the 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 caused to act in both the
modes illustrated in FIG. 3 and FIG. 4. [0066]        When external forces are appliedto each of the
glass materials to be press-molded 22 and 24 in the modes illustrated in FIG. 3 and/or FIG. 4, the
position at which the vector V(36) acts is a position located at an upper portion in the left side with
respect 
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of the blade portion of each of the shear blades is  not particularly 

limited as long as the shape is one suitable for se parating (cutting) 

the forward end portion of the molten glass flow, a nd the shape 

is preferably one selected from a V shape and a U s hape. 

 [0054] 

 Note that, in the case of using a pair of shear bl ades, it 

is necessary that the movement direction in which t he pair of shear 

blades approaches to or separates from each other a t the time of 

forming a molten glass gob and the movement directi on 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 nee ds to be 10° 

or less, and is preferably 5° or less, most prefera bly 0°.  In the 

case where the two movement directions are substant ially parallel 

based on the horizontal plane, when the molten glas s gob turns and 

the separation mark thereby moves from the upper su rface of the 

molten glass gob to one of its side surface sides, the separation 

mark existing in the surface of the molten glass go b just 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 shear blades is generally used to form a mo lten glass gob, 

but Patent Literature 2 does not disclose anything about the 

relationship in position based on the horizontal pl ane between the 

above-mentioned two movement directions. 

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 Yl (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
moves in the clockwise direction with respect to the central point C. [0067]         Note that, in the
example illustrated FIG. 2, there is used the pressing member 36 which is fitted to the lower side blade
30 and presses the upper portion side of each of the glass materials to be press-molded 22 and 24 in
collaboration with the lower side blade 30. However, the pressing member 36 for pressing each of the
glass materials to be press-molded 22 and 24 may be arranged at a position separated from the lower
side blade 30 and the upper side blade 40 so as to press each of the glass materials to be
press-molded 22 and 24. Further, as exemplified in FIG. 3 and FIG. 4, as long as the 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 glass materials 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 arbitrarily. For example, the lower portion side of each of the glass materials to be
press-molded 22 and 24 can be pressed in the horizontal direction by the pressing member 36. Note
that the phrase "the case where the vector sum of the forces acting in the X-axis direction of each of
the glass materials to be press-molded 22 and 24 does not exceed 0 substantially (the case where the
vector sum is near 0)" means, for example, the case where, in order only to simply separate the
forward end portion 22 of the molten glass flow 20, a pair of shear blade s ismovedinthehorizontai
direction, and the shear blades are moved at almost the same speed in the X1 direction and the X2
direction, respectively, so that surfaces of the shear blades slide to each other. Further, as exemplified
in FIG. 3 and FIG. 4, as long as an external force that produces the vector of the force acting in the
X-axis direction aiming at turning the molten glass gob 24 is applied to each of the glass materials to
be press-molded 22 and 24 from the direction crossing the vertical direction, for example, the direction
from which and the position at which the external force is applied to each of the glass materials to be
press-molded 22 and 24 are not particularly limited. However, when the external force is applied, it is
particularly preferred that the central point C of each of the glass materials to be press-molded 22 and
24 (Note that, in the case of the forward end portion 22 before separation, the central point C
corresponds to the position that is to be the central point  of the molten glass gob 24 after being cut.)
be not positioned on the direction in which the external force is applied. This is because, when the
central point C of each of the glass materials to be press-molded 22 and 24 is positioned on the
direction in which the external force is applied, turns are unlikely to occur. Note that, more exactly,
when the central point C of each of the glass materials to be press-molded 22 and 24 is positioned on
the direction in which the external force is applied, any force for causing turns does not occur at that
moment. However, the molten glass gob 24 continuously falls and the position of the central point C
continuously moves downward, and moreover, the forward end portion 22 is separated in an extremely
short time and falls as the molten glass gob 24. Thus, the central point C moves downward during the
period in which the external force is continuously applied. As a result, though turns become difficult to
occur, it is completely unlikely that turns do not occur at all. [0068] 
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 [0055] 

 FIG. 1 and FIG. 2 are schematic cross-sectional vi ews 

illustrating one example of the method of manufactu ring a glass 

blank in the first embodiment.  Specifically, both are views 

illustrating a process in which the forward end por tion of a molten 

glass flow with a pair of shear blades is cut.  Her e, FIG. 1 illustrates 

the state of before cutting the forward end portion  of the molten 

glass flow, and FIG. 2 illustrates the state of aro und the completion 

of cutting of the forward end portion of the molten  glass flow . 

 [0056] 

 As illustrated in FIG. 1, a molten glass flow 20 i s first caused 

to flow out continuously downward in the vertical d irection from 

a glass outlet 12 provided at the lower end portion  of a glass effluent 

pipe 10 whose upper end portion is connected to a m olten glass supply 

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 

second shear blade (upper side blade) 40 are arrang ed at both sides 

of the molten glass flow 20, respectively, in the d irection 

substantially perpendicular to a central axis D, wh ich is the falling 

direction of the molten glass flow 20.  Then, the l 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 

a forward end portion 22 side of the molten glass f low 20 from both 

sides of the molten glass flow 20. 

 [0057] 

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 longer time than the lower surface 44B, roughening treatment is carried out on the
surface of the lower surface 34B, the surface of the lower surface 34B is coated with a material having
higher wettability with respect to molten glass, or the like, thereby being able to apply an external force
more easily in the X1 direction to the upper surface of the forward end portion (glass material to be
press-molded) 22 that is under separation. This is because, in this case, there is increased a frictional
force between the upper surface of the forward end portion (glass material to be press-molded) 22 that
is under separation, and the lower surface 34B, and hence the upper surface of the forward end
portion (glass material to be press-molded) 22 that is under separation becomes more likely to move in
the X1 direction by being involved in the movement of the lower surface 34B. In this case, the
magnitude of the vector V ( 30A) is always larger than the magnitude of the vector V(40) during the
cutting, and hence the vector sum of the forces acting in the X-axis direction well exceeds 0
substantially. [0069]         (2) Further, when, during the upper side blade 40 is earlier being penetrated
into the molten glass flow 20 by moving the upper side blade 40 in the X2 direction, the lower side
blade including no pressing member 36 is penetrated into the molten glass flow 20 by moving the
lower side blade in the X1 direction at a relatively higher speed than the upper side blade 40, there act
two external forces acting in opposite directions caused by the penetration of the lower side blade 30
and the upper side blade 40 into the molten glass flow 20, and moreover, there acts a third external
force, which is produced when 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 longer
time than the lower surface 44B, strongly rubs the upper surface of the forward end portion (glass
material to be press-molded) 22 in the arrow X1 direction side. In this case, the third external force
strongly acts at the stage of just before and immediately after the cutting, and hence the vector sum of
the forces acting in the X-axis direction well exceeds 0 substantially. [0070] 
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 Here, the lower side blade 30 and the upper side b lade 40 have 

substantially plate-shaped body portions 32 and 42,  respectively, 

and blade portions 34 and 44, respectively, which a re respectively 

provided at an end portion side of the body portion s 32 and 42, 

and cut the forward end portion 22 of the molten gl ass flow 20 

continuously flowing out downward in the vertical d irection in the 

direction substantially perpendicular to the direct ion to which 

the molten glass flow 20 falls down.  Note that an upper surface 

34U of the blade portion 34 and a lower surface 44B  of the blade 

portion 44 each have a surface substantially corres ponding to the 

horizontal plane, a lower surface 34B of the blade portion 34 and 

an upper surface 44U of the blade portion 44 each h ave a surface 

that is slanted so as to cross the horizontal plane .  Besides, the 

lower side blade 30 further includes a pressing mem ber 36, which 

is provided at a lower surface 32B side of the body  portion 32, 

stretches to a blade portion 34 side from a body po rtion 32 side, 

and presses the forward end portion 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 

glass flow 20.  In addition, the lower side blade 3 0 and the 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 at substantially the same height in the vertical 

direction. 

 [0058] 

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 in FIG. 5 further falls in
the vertical direction in the downward Yl 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 Yl of the molten glass gob 24. Here, as illustrated in FIG.
6, a first press mold 50 and a second press mold 6 0 before carrying out pre s s-molding are arranged
with a di stance between them so as to have line symmetry with respect to the falling direction Yl.
Then, in synchronization with the timing when the molten glass gob 24 reaches the vicinity of the
central portion in the vertical direction of the first press mold 50 and the second press mold 60, the first
press mold 50 moves in the arrow X1 direction and the second press mold 60 moves in the arrow X2
direction in order to press-mold the molten glass gob 24 by pressing it from both sides. [0071]
Here, the press molds 50 and 60 have press mold bodies 52 and 62 each having a disk-like shape,
respectively, and guide members 54 and 64 arranged so as to surround the outer peripheral ends of
each of the press mold bodies 52 and 62, respectively. Note that, because FIG. 6 is a cross-sectional
view, the guide members 54 and 64 are drawn so as to be positioned on both sides of the press mold
bodies 52 and 62, respectively, in FIG. 6. Here, one surface of each of the press mold bodies 52 and
62 serves as a molding surface 52A and 62A, respectively. Further, in FIG. 6, the first press mold 50
and the second press mold 60 are arranged so that the two molding surfaces 52A and 62A face each
other. Further, the guide member 54 is provided with a guide surface 54A, which is positioned so as to
project slightly based on the molding surface 52A in the X1 direction, and the guide member 64 is
provided with a guide surface 64A, which is positioned so as to project slightly based on the molding
surface 62A in the X2 direction. Then, the guide surface 54A and the guide surface 64A come into
contact with each other at the time of press-molding, and hence a gap is formed between the molding
surface 52A and the molding surface 62A. Thus, the thickness of the gap corresponds to the thickness
of the molten glass gob 24 molded so as to have a plate shape by being press-molded between the
first press mold 50 and the second press mold 60, that is, the thickness of a glass blank. Further, as
illustrated in FIG. 6, the molding surfaces 52A and 62A are formed so that, when the molten glass gob
24 is pressed and spread completely in the vertical direction and molded into a flat glass between the
molding surface 52A of the first press mold 50 and the molding surface 62 of the second press mold
60 by carrying out the press-molding step, at least a region contacting the above-mentioned flat glass
in each of the molding surfaces 52A and 62A forms a flat surface. [0072]         It is preferred to use a
metal or an alloy as a material for forming each of the press molds 50 and 60 in view of heat
resistance, workability, and durability. In this case, the heat resistant temperature of the metal or alloy
for forming each of the press molds 50 and60 is preferably 1, 000C or more , more preferably 1, 100C
or more. Specific examples of the material for forming each of the press molds 50 and 60 preferably
include ferrum casting ductile (FCD), alloy tool steel (such as SKD61), high-speed steel (SKH),
cemented carbide, Colmonoy, and Stellite. 
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 Note that, in the example illustrated in FIG. 1, t he pressing 

member 36, which is a bar-shaped member provided so  as to be attachable 

to and detachable from the body portion 32, is fitt ed to the lower 

portion of the body portion 32 so as to be substant ially parallel 

to the substantially plate-shaped body portion 32.  In addition, 

the body portion 32 includes a fitting portion 38 f or 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 pressing member 36  having a different 

length or sliding the pressing member 36 in the hor izontal direction 

with respect to the fitting portion 38.  Here, the position of the 

tip 36A of the pressing member 36 is adjusted, base d on the central 

axis D of the glass effluent pipe 10, so as to fall  within the range 

covering the positions that are more distant from t he central axis 

D, in the arrow direction X1, compared with the pos ition of a tip 

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 

the blade portion 34 at the time of separating (cut ting) the forward 

end portion 22, and hence it becomes highly possibl e that the forward 

end portion 22 separated falls in an obliquely down ward direction 

instead of the downward vertical direction.  Note t hat the pressing 

member 36 may be one that is integrally provided to  the body portion 

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. 

[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 roughness (center line surface roughness Ra) of the
press-molding surfaces is also preferably controlled to the range of 10 pm or Less. [0074]         The
molten glass gob 24 illustrated in FIG. 6 falls further downward and enters the space between the two
press-molding surfaces 52A and 62A. Then, as illustrated in FIG. 7, at the time when the molten glass
gob 24 reaches the vicinity of the almost central portion in the vertical direction of the press-molding
surfaces 52A and 62A parallel to the falling direction Yl, 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 surface portion being located at a position having
the point symmetry with the separation mark 24A with respect to the central point C of the molten
glass gob 24, preferably first come into contact with the press-molding surface 62A and the press
surface 52A, respectively, at substantially the same time. At the stage of immediately before carrying
out this press-molding step, the separation mark 24A is positioned on the straight line having an angle
of 0 based on the central point C of the molten glass gob 24 with respect to a straight line X3
connecting the central point C with the press-molding surface 62A in the shortest distance. [0075]
Note that it may be possible to adoptamodeinwhichthemolten glass gob 24 falls while continuously
turning until the time of the start of the press-molding (hereinafter, referred to as "continuously
turning-type falling"). Alternatively, it may be possible to adopt a mode in which the molten glass gob
24 turns for a moment when an external force is applied from the direction crossing the vertical
direction and then, the molten glass gob 24 falls while maintaining that state until the time of the start
of the press-molding, so that the vector sum of the forces acting in the X-axis direction of the glass
materials to be press-molded 22 and 24 exceeds 0 substantially (hereinafter, referred to as "turning
stop-type falling"). However, in any of the cases, at the stage of immediately before carrying out the
press-molding step illustrated in FIG. 7, it is necessary, as described above, for the separation mark
24A to be positioned in the range made by the straight line X3 and another straight line having an
angle (hereinafter, referred to as "turning angle" in some cases) of 45 
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 [0059] 

 Note that the viscosity of the molten glass flow 2 0 is not 

particularly limited as long as the viscosity is su itable for 

separating the forward end portion 22 and press-mol ding, and it 

is usually preferred that the viscosity be controll ed to a constant 

value in the range of 500 dPa ·s to 1,050 dPa ·s. 

 [0060] 

 Next, as illustrated in FIG. 2, the lower side bla de 30 and 

the upper side blade 40 are each moved in the horiz ontal direction 

so that the upper surface 34U of the blade portion 34 and the lower 

surface 44B of the blade portion 44 are partially o verlapped 

substantially without any gap by further moving the  lower side blade 

30 and the upper side blade 40 toward the arrow dir ection X1 and 

the arrow direction X2, respectively.  That is, the  lower side blade 

30 and the upper side blade 40 are caused to perpen dicularly cross 

the central axis D.  As a result, the lower side bl ade 30 and the 

upper side blade 40 penetrate into the molten glass  flow 20 until 

reaching the vicinity of the central axis D thereof , and the forward 

end portion 22 is separated (cut) as a molten glass  gob 24 having 

a substantially spherical shape.  At that time, a s eparation mark 

(cut mark) 24A is formed in an upper surface of the  molten glass 

gob 24. 

 [0061] 

 Further, at around the timing of cutting, the tip 36A of the 

pressing member 36 comes into contact with an upper  side surface 

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 gob 24, b) the falling distance, and the like. Here, the term "falling distance" means a
distance from the position at which the separation mark 24A is first formed as exemplified in FIG. 2,
that is, the position at which the lower side blade 30 and the upper s ide blade 40 are overlapped in
the vertical direction , to the po s ition of the molten glass gob 24 at the time of the start of the
press-molding as exemplified in FIG. 7, that is, the vicinity of the almost central portion in the diameter
direction of the press-molding surfaces 52A and 62A parallel to the falling direction Yl. Note that, in
additional consideration of the viewpoint of preventing the situation that press-molding becomes
difficult to carry out because of the increase of the viscosity of a falling molten glass gob 24 or the
situation that the position of press fluctuates because of an excessively high falling speed, the falling
distance is preferably selected from the range of 1,000mm or less, more preferably selected from the
range of 500 mm or less, still more preferably selected from the range of 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 limited, 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-mentioned range, for example, the method (1) or (2) described below.  (1) Under a state in
which separation conditions of the molten glass gob 24 (such as the driving timings of the shear
blades 30 and 40) and the driving timings of the press molds 50 and 6 0 are 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, the falling distance is adjusted so that the turning angle at the
time of the start of the press-molding falls within the above-mentioned range. 
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of the forward end portion (glass material to be pr ess-molded) 22 

just under separation and/or an upper side surface of the molten 

glass gob (glass material to be press-molded) 24 co mpletely separated 

from the molten glass flow 20, followed by pressing .  In this case, 

to the upper hemisphere side of each of the glass m aterials to be 

press-molded 22 and 24, 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 direction paral lel to the arrow 

direction X1 and the arrow direction X2 in the figu re) perpendicular 

to the central axis D of the glass materials to be press-molded 

22 and 24, the central axis D being parallel to the  vertical direction, 

substantially exceeds zero. 

 [0062] 

 Here, FIG. 3 and FIG. 4 are graphs illustrating ex amples of 

the vectors of forces acting in the X-axis directio n on the upper 

hemisphere of each of the glass materials to be pre ss-molded 22 

and 24.  Here, in FIG. 3 and FIG. 4, the horizontal  axis means the 

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 ed in FIG. 3 

and FIG. 4 mean vectors attributed to the lower sid e blade 30, the 

upper side blade 40, and the pressing member 36, re spectively, that 

(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
temperature less than the glass transition temperature of a glass material forming the molten glass
gob 24. With this, it is possible to prevent more reliably the phenomenon that, when the molten glass
gob 24 is press-molded, the melt-bonding between the thinly stretched molten glass gob 24 and each
of the molding surfaces 52A and 62A occurs. [0079]        After the surface of the molten glass gob 24
comes into contact with each of the molding surfaces 52A and 62A, the molten glass gob 24 is
solidified so as to attach to the molding surfaces 52A and 62A. Next, as illustrated in FIG. 8, when the
molten glass gob 24 is continuously pressed from its both sides with the first press mold 50 and the
second press mold 60, the molten glass gob 24 is pressed and spread so as to have a uniform
thickness around the position at which the molten glass gob 24 and each of the molding surfaces 52A
and 62A first come into contact. Then, as illustrated in FIG. 9, the molten glass gob 24 is continuously
pressed with the first press mold 50 and the second press mold 60 until the guide surface 54A and the
guide surface 64A come into contact, thereby being formed into a disk-shaped or disk-like thin flat
glass 26 between the molding surfaces 52A and 62A. Thus, as illustrated in 
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is, each mean the force of the component acting in the X-axis direction 

in each of three exterior forces attributed to the lower side blade 

30, the upper side blade 40, and the pressing membe r 36, respectively, 

the exterior forces being applied to the upper port ions of the glass 

materials to be press-molded 22 and 24 at around th e time of cutting. 

 [0063] 

 Here, the two vectors V(30A) and V(40) attributed to the lower 

side blade 30 and the upper side blade 40, respecti vely, are vectors 

having substantially the same magnitude, each actin g in completely 

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 

molten glass flow 20, the magnitudes of the vectors  V(30A) and V(40) 

each start increasing from 0 and then reach a maxim um value.  After 

that, when the cutting finishes and the upper surfa ce of the molten 

glass gob 24 separates from the lower side blade 30  and the upper 

side blade 40, the magnitudes of the vectors each r eturn to 0.  That 

is, these two vectors V(30A) and V(40) have a relat ionship of almost 

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) in the X1 direction additionally acts in addition to 

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
other as illustrated in F IG . 9 (hereinafter, referred to as "press-molding time" in some cases) is
preferably 0.1 second or less from the viewpoint of forming the molten glass gob 24 into a thin flat
glass. Moreover, because a state in which the guide surface 54A and the guide surface 64A come into
contact with each other is established at the time of the press-molding, it becomes easy to maintain
the parallel state between the molding surface 52A and the molding surface 62A. Note that the upper
limit of the press-molding time is not particularly limited. [0081]        Note that after the state illustrated
in FIG. 9 is established, it is possible to continue applying a pressure sufficiently smaller 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 surface 54A and the guide surface 64A are in contact is maintained, thereby  
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the two vectors V(30A) and V(40) always cancelling each other.  Thus, 

the vector sum of the forces acting in the X-axis d irection well 

exceeds 0 substantially depending on the additional  action of the 

vector V(36).  On the other hand, when the molten g lass gob (glass 

material to be press-molded) 24 separated from the molten glass 

flow 20 is pushed by the tip 36A of the pressing me mber 36, the 

magnitudes of the vectors V(30A) and V(40) illustra ted in FIG. 3 

both become 0, and, as illustrated in FIG. 4, only the vector V(36) 

acts.  As a result, the vector sum of the forces ac ting in the X-axis 

direction well exceeds 0 substantially. 

 [0065] 

 Note that, in the 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 caused to act in only the mode illustrated i n FIG. 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 used to act in 

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

 [0066] 

 When external forces are applied to each of the gl ass materials 

to be press-molded 22 and 24 in the modes illustrat ed in FIG. 3 

and/or FIG. 4, the position at which the vector V(3 6) acts is a 

position located at an upper portion in the left si de with respect 

maintaining a state in which both surfaces of the thin flat glass 26 and each of the molding surfaces
52A and 62A are closely attached. Then, 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 first press mold 50 and the second press mold 60 is preferably carried out
until the temperature of the thin flat glass 26 reaches a temperature equal to or less than the
deformation point of a glass material forming the thin flat glass 26. Note that if the press pressure is
increased in the above-mentioned state, the thin flat glass 26 breaks in some cases. [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 Yl 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, the thin
flat glass 26 can be demolded by applying a force from an outer peripheral direction of the thin flat
glass 26 so as to peel it, or the thin flat glass 26 can also be demolded by cooling with air the surface
of the thin flat glass  so as to contract glass. In this case, the thin flat glass 26 can be taken out without
applying a large force to the thin flat glass 26. Note that, it may be possible to control the
press-molding by cooling the first press mold 50 and the second press mold 60 by us ing a medium for
cooling such as water or air s o that the temperature s of the molding surfaces 52A and 62A do not
excessively rise. [0083]         Finally, the thin flat glass 26 taken out is subjected to annealing to reduce
or remove strain, thereby yielding a base material to be processed into a magnetic recording medium
substrate, that is, a glass blank. Further, the glass blank locally includes a shear mark attributed to the
separation mark 24A in the vicinity of the central portion of its main surface. Thus, a region including
the shear mark can be removed by the central hole-forming processing that is carried out at the time of
manufacturing a magnetic recording medium substrate. 
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to the central point C of each of the glass materia ls to be press-molded 

22 and 24 in FIG. 2, and hence each of the glass ma terials to be 

press-molded 22 and 24 eventually turns in the cloc kwise direction 

R with respect to the central point C in FIG. 2.  T hus, as illustrated 

in FIG. 5, in the process in which the molten glass  gob 24 is falling 

in the vertical direction in the downward Y1 (falli ng direction) 

side, the separation mark 24A that was positioned i n the vertical 

direction in the upper side with respect to the cen tral point C 

of the molten glass gob 24 immediately after its se paration eventually 

moves in the clockwise direction with respect to th e central point 

C. 

 [0067] 

 Note that, in the example illustrated FIG. 2, ther e is used 

the pressing member 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 

blade 30.  However, the pressing member 36 for pres sing each of the 

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-molded 22 and 24.  Further, as exemplified in  FIG. 3 and FIG. 

4, as long as the pressing by the pressing member 3 6 is carried 

out so that the vector sum of the forces acting in the X-axis direction 

of each of the glass materials to be press-molded 2 2 and 24 exceeds 

0 substantially, the position at which and the dire ction to which 

[0084]         Note that, when the viscosity of the molten glass flow 20 is less than 500 dPa-s, it may
become difficult to separate the molten glass gob 24 in a necessary amount in a state in which the
molten glass flow 20 is falling in the air. Thus, when the viscosity of the molten glass flow 20 is less
than 500 dPa-s, a necessary amount of molten glass for obtaining the molten glass gob 24 is
accumulated by supporting the forward end portion 22 of the molten glass flow 20 below the glass
outlet 12, and the molten glass gob 24 is then 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 more easily so as to have a uniform, small
thickness. When the inner diameter of the central hole formed in the magnetic recording medium
substrate is small, the size of a shear mark formed in the glass blank is made smaller so that the shear
mark is located in the range in which the central hole of the glass blank is formed. [0086]         In this
case, it is effective that the cross section of the vicinity of the forward end portion 22 of the molten
glass flow 20 along the plane perpendicular to the direction to which the molten glass flow 20 falls has
a substantially elliptical shape with a major axis and a minor axis. In above-mentioned case, the
separation of the forward end portion 22 of the molten glass flow 20 is carried out as follows. That is, a
pair of shear blades is penetrated into the molten glass flow 20 from directions opposite to each other, 
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each of the glass materials to be press-molded 22 a nd 24 is pressed 

may be selected arbitrarily.  For example, the lowe r portion side 

of each of the glass materials to be press-molded 2 2 and 24 can 

be pressed in the horizontal direction by the press ing member 36.  

Note that the phrase "the case where the vector sum  of the forces 

acting in the X-axis direction of each of the glass  materials to 

be press-molded 22 and 24 does not exceed 0 substan tially (the case 

where the vector sum is near 0)" means, for example , the case where, 

in order only to simply separate the forward end po rtion 22 of the 

molten glass flow 20, a pair of shear blades is mov ed in the horizontal 

direction, and the shear blades are moved at almost  the same speed 

in the X1 direction and the X2 direction, respectiv ely, so that 

surfaces of the shear blades slide to each other.  Further, as 

exemplified in FIG. 3 and FIG. 4, as long as an ext ernal force that 

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 

the glass materials to be press-molded 22 and 24 fr om the direction 

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 

particularly limited.  However, when the external f orce is applied, 

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 

the case of the forward end portion 22 before separ ation, the central 

point C corresponds to the position that is to be t he central point 

the directions cro s s ing the vertical direction, the directions which are substantially perpendicular to
direction to which the molten glass flow 20 falls and directions which are almost corresponding in the
major axis direction of the cross section of the vicinity of the forward end portion 22 of the molten glass
flow 20. Separating the forward end portion 22 of the molten glass flow 20 as described above can
make the shear mark smaller. In this case, even if the inner diameter of the central hole is small, the
shear mark can be localized in the range in which the central hole of the glass blank is formed. Note
that, in order to make the cross section of the vicinity of the forward end portion 22 of the molten glass
flow 20 have a substantially elliptical shape, it is possible to adopt, for example, a method involving
making the aperture shape of the glass outlet 12 elongated and a method involving modifying the
cross-sectional shape so as to be elongated by s andwiching the molten glass flow 20 from its both
sides along the direction to which the molten 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 shape is 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 penetrate into the molten glass flow 20
from directions opposite to each other, the directions crossing the vertical direction and being
substantially perpendicular to the direction to which the molten glass flow 20 falls. [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 outlet 12 smaller, as
long as the outflow amount per unit time of the molten glass flow 20 is controlled to a predetermined
amount. For example, if an outflowing molten glass has a viscosity of 700 dPa-s and the inner
peripheral length of the glass outlet 12 is set to 47 mm (which corresponds to an inner diameter of
about 15 mm when the glass outlet 12 has a circular shape), the outflow amount per unit time of the
molten glass flow 20 becomes 500 g/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, which is the diameter of the 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 is kept at the above-mentioned
value and the inner peripheral length of the glass outlet 12 is set to 41 mm (which corresponds to an
inner diameter of about 13 mm), the outflow amount per unit time of the molten glass flow 20 becomes
350 g/minute (which corresponds to 35 glass blanks) and the size of the shear mark becomes 15 mm,
and hence the size of the shear mark can be made smaller than 20 mm, which i s the diameter of the
central hole of the magnetic recording medium substrate with a 2.5 inch size. As described above, the
size of the shear mark can be controlled so as to fall within the diameter of the central hole of the
magnetic recording medium substrate. [0088]         FIG. 12 is a schematic cross-sectional view
illustrating one example of separation of a forward end portion of a molten glass flow us ingapair of
shear blades. Here, FIG. llisaview specifically illustrating the case where the cross section (horizontal
cross section) of the molten glass flow 20 along a plane perpendicular to the central axis Din FIG. 1
has a substantially elliptical shape. Here, in the figure, an alternate long and short dash line S means
the direction that agrees with the major axis direction of the molten glass flow 20 having an elliptical
shape as the horizontal cross section, and is parallel to the arrow X1 direction and the arrow X2
direction. In the example illustrated in FIG. 11, a pair of the shear blades 30 and 40 is penetrated into
the molten glass flow 20 from directions opposite to each other, the directions crossing the vertical
direction (central axis D), being perpendicular to the direction (central axis D) to which the molten
glass flow 20 
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of the molten glass gob 24 after being cut.) be not  positioned on 

the direction in which the external force is applie d.  This is because, 

when the central point C of each of the glass mater ials to be 

press-molded 22 and 24 is positioned on the directi on in which the 

external force is applied, turns are unlikely to oc cur.  Note that, 

more exactly, when the central point C of each of t he glass materials 

to be press-molded 22 and 24 is positioned on the d irection in which 

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 

continuously moves downward, and moreover, the forw ard end portion 

22 is separated in an extremely short time and fall s as the molten 

glass gob 24.  Thus, the central point C moves down ward during the 

period in which the external force is continuously applied.  As a 

result, though turns become difficult to occur, it is completely 

unlikely that turns do not occur at all. 

 [0068] 

 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 moveme nt of a pair 

of shear blades instead of using the pressing membe r 36.  For example, 

when a lower side blade including no pressing membe r 36 is used 

in FIG. 1 and FIG. 2, (1) many projections are prov ided in the lower 

surface 34B, which comes into contact with the uppe r surface of 

falls, and agreeing with the major axis directions of the horizontal cross section of the molten glass
flow 20 (penetration is caused by moving the lower side blade 30 in the X1 direction and moving the
upper side blade 40 in the X2 direction). [0089]        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 m or less, and the flatness
of the glass blank is preferably 10 m or less, more preferably 8 m or less, still more preferably 6 m or
less, particularly preferably 4 m or less. [0090]         The method of manufacturing a glass blank in the
first embodiment is suitable for producing a glass blank having a ratio of diameter to thickness
(diameter/thickness) of 50 to 150. Here, the diameter refers to an arithmetic average of the major axis
and minor axis of the glass blank. The press molds 50 and 60 do not regulate the outer peripheral end
surface of the glass blank, and hence the outer peripheral end surface is a free surface. Here, the
circularity of the glass blank that is produced is not particularly limited, but is preferably controlled to
within 0.5 mm. [0091] The diameter of the glass blank is not particularly limited. 
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the forward end portion (glass material to be press -molded) 22 that 

is under separation, for a longer time than the low er surface 44B, 

roughening treatment is carried out on the surface of the lower 

surface 34B, the surface of the lower surface 34B i s coated with 

a material having higher wettability with respect t o molten glass, 

or the like, thereby being able to apply an externa l force more 

easily in the X1 direction to the upper surface of the forward end 

portion (glass material to be press-molded) 22 that  is under 

separation.  This is because, in this case, there i s increased a 

frictional force between the upper surface of the f orward end portion 

(glass material to be press-molded) 22 that is unde r separation, 

and the lower surface 34B, and hence the upper surf ace of the forward 

end portion (glass material to be press-molded) 22 that is under 

separation becomes more likely to move in the X1 di rection by being 

involved in the movement of the lower surface 34B.  In this case, 

the magnitude of the vector V(30A) is always larger  than the magnitude 

of the vector V(40) during the cutting, and hence t he vector sum 

of the forces acting in the X-axis direction well e xceeds 0 

substantially. 

 [0069] 

 (2) Further, when, during the upper side blade 40 is earlier 

being penetrated into the molten glass flow 20 by m oving the upper 

side blade 40 in the X2 direction, the lower side b lade including 

no pressing member 36 is penetrated into the molten  glass flow 20 

by moving the lower side blade in the X1 direction at a relatively 

The diameter is 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
processing which are carried out when the glass blank is processed into a magnetic recording medium
substrate, as described below. [0092]         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 glass, and alumino borosilicate glass. Further, these
kinds of glass maybe crystalli zed glas s , which is crystallized by heat treatment, and can be
crystallized by heat treatment and then processed into a magnetic recording medium substrate. [0094]
Glass used for a magnetic recording medium substrate that is utilized for producing a magnetic
recording medium such as a magnetic disk desirably has chemical durability, large rigidity, and a high
thermal expansion coefficient. Further, when importance is given 
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higher speed than the upper side blade 40, there ac t two external 

forces acting in opposite directions caused by the penetration of 

the lower side blade 30 and the upper side blade 40  into the molten 

glass flow 20, and moreover, there acts a third ext ernal force, 

which is produced when 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, fo r a longer time 

than the lower surface 44B, strongly rubs the upper  surface of the 

forward end portion (glass material to be press-mol ded) 22 in the 

arrow X1 direction side.  In this case, the third e xternal force 

strongly acts at the stage of just before and immed iately after 

the cutting, and hence the vector sum of the forces  acting in the 

X-axis direction well exceeds 0 substantially. 

 [0070] 

 The molten glass gob 24 in which the separation ma rk 24A that 

was positioned in the vertical direction in the upp er side with 

respect to the central point C of the molten glass gob 24 immediately 

after its separation moved in the clockwise directi on with respect 

to the central point C in FIG. 5 further falls in t he vertical direction 

in the downward Y1 side.  Then, the molten glass go b 24 enters the 

space between the first press mold and the second p ress mold both 

arranged so as to face each other in the direction perpendicular 

to the falling direction Y1 of the molten glass gob  24.  Here, as 

illustrated in FIG. 6, a first press mold 50 and a second press 

mold 60 before carrying out press-molding are arran ged with a distance 

to enhancing bending strength, the glass is required to have a composition that is suitable for
undergoing chemical strengthening, and when high-temperature heat treatment is carried out in a
process of producing a magnetic recording medium, the glass is desired to have a composition that is
suitable for exhibiting good heat resistance. [0095]         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 Al200;  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 
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between them so as to have line symmetry with respe ct to the falling 

direction Y1.  Then, in synchronization with the ti ming when the 

molten glass gob 24 reaches the vicinity of the cen tral portion 

in the vertical direction of the first press mold 5 0 and the second 

press mold 60, the first press mold 50 moves in the  arrow X1 direction 

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, the press molds 50 and 60 have press mold bo dies 52 and 

62 each having a disk-like shape, respectively, and  guide members 

54 and 64 arranged so as to surround the outer peri pheral ends of 

each of the press mold bodies 52 and 62, respective ly.  Note that, 

because FIG. 6 is a cross-sectional view, the guide  members 54 and 

64 are drawn so as to be positioned on both sides o f the press mold 

bodies 52 and 62, respectively, in FIG. 6.  Here, o ne surface of 

each of the press mold bodies 52 and 62 serves as a  molding surface 

52A and 62A, respectively.  Further, in FIG. 6, the  first press mold 

50 and the second press mold 60 are arranged so tha t the two molding 

surfaces 52A and 62A face each other.  Further, the  guide member 

54 is provided with a guide surface 54A, which is p ositioned so 

as to project slightly based on the molding surface  52A in the X1 

direction, and the guide member 64 is provided with  a guide surface 

64A, which is positioned so as to project slightly based on the 

molding surface 62A in the X2 direction.  Then, the  guide surface 

5) 0 to 15% in total of at least one kind of metal oxide selected from Zr02, 1102, La203r Y203, 1a205,
Nb205, and HfOs. [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 for forming a glass network, is an e s sential component that functions so as to improve
glas s stability and chemical durability, in particular, acid resistance. When the content ofSiO2is less
than 50%, the above-mentionedfunctions cannot be sufficiently provided. When the content of 5i02
exceeds 75%, undissolved substances may occur in the glass or bubble removal may become
insufficient because the viscosity of the glass at the time of fining becomes too high. Thus, the content
of 5i02 is preferably 50 to 75%. 
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54A and the guide surface 64A come into contact wit h each other 

at the time of press-molding, and hence a gap is fo rmed between 

the molding surface 52A and the molding surface 62A .  Thus, the 

thickness of the gap corresponds to the thickness o f the molten 

glass gob 24 molded so as to have a plate shape by being press-molded 

between the first press mold 50 and the second pres s mold 60, that 

is, the thickness of a glass blank.  Further, as il lustrated in FIG. 

6, the molding surfaces 52A and 62A are formed so t hat, when the 

molten glass gob 24 is pressed and spread completel y in the vertical 

direction and molded into a flat glass between the 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 glass in each 

of the molding surfaces 52A and 62A forms a flat su rface. 

 [0072] 

 It is preferred to use a metal or an alloy as a ma terial for 

forming each of the press molds 50 and 60 in view o f heat resistance, 

workability, and durability.  In this case, the hea t resistant 

temperature of the metal or alloy for forming each of the press 

molds 50 and 60 is preferably 1,000°C or more, more  preferably 1,100°C 

or more.  Specific examples of the material for for ming each of the 

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] 

[0098]        Al202 also contributes to forming a glass network, functions so as to improve glass stability
and chemical durability, and also functions so as to increase an ion exchange rate at the time of
chemical strengthening. When the content of Al202 exceeds 15%, the meltability of the glass lowers
and undissolved substances may be liable to occur. Moreover, the thermal expansion coefficient may
lower and the Young's modulus may lower. Thus, the content of Al202 is preferably 0 to 15%. [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 K20 is
preferably 3 to 35%, more preferably 5 to 35%. It should be noted that, out of Li20, Na20, and K20,
Li20 has the greatest function of lowering a glass transition temperature. [0100]        MgO, CaO, Sr0,
BaO, and ZnO each function so as to improve the meltability, moldability, and Young's modulus of the
glass, and also function so as to increase the thermal expansion coefficient and Young's modulus of
the glass. However, when the total content of MgO, CaO, Sr0, BaO, and ZnO exceeds 35%, chemical
durability or the thermal stability of the glass may be lowered. Accordingly, the total content of MgO,
CaO, Sr0, BaO, and ZnO is preferably 0 to 35%. 
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 The glass blank is manufactured by pressing and pr ess-molding 

the molten glass gob 24 with the molding surfaces 5 2A and 62A.  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 

substantially the same.  The surface roughness (cen ter line surface 

roughness Ra) of the main surface of the glass blan k is desirably 

controlled to the range of 10 µm 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 roughness (center line  surface 

roughness Ra) of the press-molding surfaces is also  preferably 

controlled to the range of 10 µm or less. 

 [0074] 

 The molten glass gob 24 illustrated in FIG. 6 fall s further 

downward and enters the space between the two press -molding surfaces 

52A and 62A.  Then, as illustrated in FIG. 7, at th e time when the 

molten glass gob 24 reaches the vicinity of the alm ost central portion 

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 

separation mark 24A with respect to the central poi nt C of the molten 

glass gob 24, preferably first come into contact wi th the 

[0101]         Zr02, 1102, La203, Y203, Ia205, Nb205, and Hf02 each function so as to improve
chemical durability, in particular, alkali resistance, improve heat resistance by enhancing a glass
transition temperature, and enhance a Young's modulus and fracture toughness. However, when the
total content of Zr02, 1102, La203, Y203, Ia205,  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] 
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press-molding surface 62A and the press surface 52A , respectively, 

at substantially the same time.  At the stage of im mediately before 

carrying out this press-molding step, the separatio n mark 24A is 

positioned on the straight line having an angle of 0° based on the 

central point C of the molten glass gob 24 with res pect to a straight 

line X3 connecting the central point C with the pre ss-molding surface 

62A in the shortest distance. 

 [0075] 

 Note that it may be possible to adopt a mode in wh ich the molten 

glass gob 24 falls while continuously turning until  the time of 

the start of the press-molding (hereinafter, referr ed to as 

"continuously turning-type falling").  Alternativel y, it may be 

possible to adopt a mode in which the molten glass gob 24 turns 

for a moment when an external force is applied from  the direction 

crossing the vertical direction and then, the molte n glass gob 24 

falls while maintaining that state until the time o f the start of 

the press-molding, so that the vector sum of the fo rces acting in 

the X-axis direction of the glass materials to be p ress-molded 22 

and 24 exceeds 0 substantially (hereinafter, referr ed to as "turning 

stop-type falling").  However, in any of the cases,  at the stage 

of immediately before carrying out the press-moldin g step 

illustrated in FIG. 7, it is necessary, as describe d above, for 

the separation mark 24A to be positioned in the ran ge made by the 

straight line X3 and another straight line having a n angle 

(hereinafter, referred to as "turning angle" in som e cases) of 45° 

First glass, in which Importance is given to efficiency of chemical strengthening, has a composition
range of  1) the content of S102: 60 to 75%, 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 : 0 to 7%. [0104]         Second glass, in which importance is
given to chemical durability, has a composition range of 
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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-men tioned range, 

(1) in the case of the turning stop-type falling, t he purpose can 

be attained by controlling the direction, intensity , and the like 

of the external force at the time of turning the mo lten glass gob 

24, and (2) in the case of the  continuously turning-type falling, 

the purpose can be attained by controlling a) the d irection and 

intensity of the external force at the time of turn ing the molten 

glass gob 24, b) the falling distance, and the like .  Here, the term 

"falling distance" means a distance from the positi on at which the 

separation mark 24A is first formed as exemplified in FIG. 2, that 

is, the position at which the lower side blade 30 a nd the upper 

side blade 40 are overlapped in the vertical direct ion, to the position 

of the molten glass gob 24 at the time of the start  of the press-molding 

as exemplified in FIG. 7, that is, the vicinity of the almost central 

portion in the diameter direction of the press-mold ing surfaces 

52A and 62A parallel to the falling direction Y1.  Note that, in 

additional consideration of the viewpoint of preven ting the 

situation that press-molding becomes difficult to c arry out because 

of the increase of the viscosity of a falling molte n glass gob 24 

or the situation that the position of press fluctua tes because of 

an excessively high falling speed, the falling dist ance is preferably 

1) the content of 5i02: 60 to 75%, 2) the content of Al203: 1 to 15%,   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] 
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selected from the range of 1,000 mm or less, more p referably selected 

from the range of 500 mm or less, still more prefer ably selected 

from the range of 300 mm or less, most preferably s elected from 

the range of 200 mm or less.  Note that the lower l imit of the falling 

distance is not particularly limited, but is prefer ably 75 mm or 

more for practical use. 

 [0077] 

 It is possible to adopt, as a method of controllin g the turning 

angle at the time of the start of the press-molding  within the 

above-mentioned range, for example, the method (1) or (2) described 

below. 

(1) Under a state in which separation conditions of  the molten glass 

gob 24 (such as the driving timings of the shear bl ades 30 and 40) 

and the driving timings of the press molds 50 and 6 0 are made constant, 

the appearance of how the molten glass gob 24 falls  is monitored 

by using a high-speed camera.  Then, based on the r esults of the 

monitoring, the falling distance is adjusted so tha t the turning 

angle at the time of the start of the press-molding  falls within 

the above-mentioned range. 

(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 r esults of the 

monitoring, separation conditions of the molten gla ss gob 24 (such 

as the driving timings of the shear blades 30 and 4 0) are adjusted 

so that the turning angle at the time of the start of the press-molding 

Third glass, in which importance is given to large rigidity, has a composition range of  1) the content of
Si02: 50 to 70%, 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] 
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falls within the above-mentioned range. 

 [0078] 

 Note that the temperatures of the first press mold  50 and second 

press mold 60 at the time of the start of the press -molding are 

each preferably set to a temperature less than the glass transition 

temperature of a glass material forming the molten glass gob 24.  

With this, it is possible to prevent more reliably the phenomenon 

that, when the molten glass gob 24 is press-molded,  the melt-bonding 

between the thinly stretched molten glass gob 24 an d each of the 

molding surfaces 52A and 62A occurs. 

 [0079] 

 After the surface of the molten glass gob 24 comes  into contact 

with each of the molding surfaces 52A and 62A, the molten glass 

gob 24 is solidified so as to attach to the molding  surfaces 52A 

and 62A.  Next, as illustrated in FIG. 8, when the molten glass gob 

24 is continuously pressed from its both sides with  the first press 

mold 50 and the second press mold 60, the molten gl ass gob 24 is 

pressed and spread so as to have a uniform thicknes s around the 

position at which the molten glass gob 24 and each of the molding 

surfaces 52A and 62A first come into contact.  Then , as illustrated 

in FIG. 9, the molten glass gob 24 is continuously pressed with 

the first press mold 50 and the second press mold 6 0 until the guide 

surface 54A and the guide surface 64A come into con tact, thereby 

being formed into a disk-shaped or disk-like thin f lat glass 26 

between the molding surfaces 52A and 62A.  Thus, as  illustrated in 

Fourth glass, in which importance is given to high heat resistance, has a composition range of  1) the
content of Si02: 50 to 70%, 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 0 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 
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FIG. 7, when the separation mark 24A first comes in to contact with 

the molding surface 62A, the separation mark 24A (n ot shown in FIG. 

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 

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 guid e surface 64A 

come into contact with each other as illustrated in  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 

gob 24 into a thin flat glass.  Moreover, because a  state in which 

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, 

it becomes easy to maintain the parallel state betw een the molding 

surface 52A and the molding surface 62A.  Note that  the upper limit 

of the press-molding time is not particularly limit ed. 

 [0081] 

 Note that after the state illustrated in FIG. 9 is  established, 

it is possible to continue applying a pressure suff iciently smaller 

than a press pressure applied to the first press mo ld 50 and the 

second press mold 60, so that a state in which the guide surface 

54A and the guide surface 64A are in contact is mai ntained, thereby 

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  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 0 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] 



 56

maintaining a state in which both surfaces of the t hin flat glass 

26 and each of the molding surfaces 52A and 62A are  closely attached.  

Then, while the state is continued for several seco nds, the thin 

flat glass 26 is cooled.  Here, cooling the thin fl at glass 26 in 

a state in which the thin flat glass 26 is sandwich ed between the 

first press mold 50 and the second press mold 60 is  preferably carried 

out until the temperature of the thin flat glass 26  reaches a 

temperature equal to or less than the deformation p oint of a glass 

material forming the thin flat glass 26.  Note that  if the press 

pressure is increased in the above-mentioned state,  the thin flat 

glass 26 breaks in some cases. 

 [0082] 

 Next, as illustrated in FIG. 10, the first press m old 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, thereb y demolding the 

thin flat glass 26 from the molding surface 62A.  S ubsequently, as 

illustrated in FIG. 11, the thin flat glass 26 is d emolded from 

the molding surface 52A, and the thin flat glass 26  is caused to 

fall in the downward Y1 side in the vertical direct ion so as to 

be taken out.  Note that when the thin flat glass 2 6 is demolded 

from the molding surface 52A, the thin flat glass 2 6 can be demolded 

by applying a force from an outer peripheral direct ion of the thin 

flat glass 26 so as to peel it, or the thin flat gl ass 26 can also 

be demolded by cooling with air the surface of the thin flat glass  

[Method of manufacturing magnetic recording medium substrate]        Amethod of manufacturing a
magnetic recording medium substrate in the first embodiment is characterized in that a magnetic
recording medium substrate is produced by at least going through a central hole-forming step of
forming a central hole in the central portion of the main surface of a glass blank manufactured by the
method 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 remaining in the glass blank is localized inside the inner concentric circle. The glass
blank having scribed thereon the two concentric circles is partially heated, and the outside portion of
the outer concentric circle and the inside portion of the inner concentric circle are removed by virtue of
the difference in thermal expansion of glass, thereby yielding a disk-shaped glass having a perfect
circle shape and a ring shape. The removal of the ins ide portion of the inner concentric circle
corresponds to the central hole-forming step of forming a central hole, and this processing contributes
to removing the shear mark. [0110]        When scribe processing is carried out, if the roughness of the
main surface of the glass blank is 1 pm or less, cutting lines can be suitably provided by using a
scriber. Note that, in the case 
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so as to contract glass.  In this case, the thin fl at glass 26 can 

be taken out without applying a large force to the thin flat glass 

26.  Note that, it may be possible to control the p ress-molding by 

cooling the first press mold 50 and the second pres s mold 60 by 

using a medium for cooling such as water or air so that the temperatures 

of the molding surfaces 52A and 62A do not excessiv ely rise. 

 [0083] 

 Finally, the thin flat glass 26 taken out is subje cted to 

annealing to reduce or remove strain, thereby yield ing a base material 

to be processed into a magnetic recording medium su bstrate, that 

is, a glass blank.  Further, the glass blank locall y includes a shear 

mark attributed to the separation mark 24A in the v icinity of the 

central portion of its main surface.  Thus, a regio n including the 

shear mark can be removed by the central hole-formi ng processing 

that is carried out at the time of manufacturing a magnetic recording 

medium substrate. 

 [0084] 

 Note that, when the viscosity of the molten glass flow 20 is 

less than 500 dPa ·s, it may become difficult to separate the molten 

glass gob 24 in a necessary amount in a state in wh ich the molten 

glass flow 20 is falling in the air.  Thus, when th e viscosity of 

the molten glass flow 20 is less than 500 dPa ·s, a necessary amount 

of molten glass for obtaining the molten glass gob 24 is accumulated 

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 is then 

where the roughness of the main surface of the glass blank exceeds 1 m, a scriber does not follow the
irregularities of the surface and it may become difficult to provide cutting lines uniformly. In this case,
after the main surface of the glass blank is made smooth, scribing is performed. [0111]         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 case, there is used a slurry
including fine particles of cerium oxide or the like as free abrasive grains. The end surface polishing
removes contamination caused by attachment of dust or the like and impair such as damage or flaws
on or in the end surfaces of the glass. As a result, precipitation of ions of sodium, potassium, and the
like causing corrosion can be prevented from occurring. Next, first polishing is carried out on the main
surfaces of the disk-shaped glass. The purpose of the fir st polishing is toremoveflaws and strain
remaining in the main surfaces. [0113]        A machining allowance removed by the first polishing is, for
example, several m to about 10 m. In the first polishing step and the second polishing step described
below, a double-side polishing apparatus is used. The double-side polishing apparatus is an apparatus
for carrying out polishing with polishing pads by relatively moving a disk-shaped glass and the
polishing pads. 
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separated.  Then, it is recommended that an exterio r force be applied 

to the thus obtained molten glass gob 24 so that th e molten glass 

gob 24 turns around the central point C as the base , followed by 

falling of the molten glass gob 24, and press-moldi ng be started 

under a state in which the separation mark 24A face s the molding 

surface 52A or the molding surface 62A. 

 [0085] 

 By subjecting the molten glass gob 24 that is fall ing to 

press-molding, the viscosity distribution of the mo lten glass gob 

24 just before the start of the press-molding is ma de uniform, and 

the molten glass gob 24 can be stretched more easil y so as to have 

a uniform, small thickness.  When the inner diamete r of the central 

hole formed in the magnetic recording medium substr ate is small, 

the size of a shear mark formed in the glass blank is made smaller 

so that the shear mark is located in the range in w hich the central 

hole of the glass blank is formed. 

 [0086] 

 In this case, it is effective that the cross secti on of the 

vicinity of the forward end portion 22 of the molte n glass flow 

20 along the plane perpendicular to the direction t o which the molten 

glass flow 20 falls has a substantially elliptical shape with a 

major axis and a minor axis. In above-mentioned cas e, the separation 

of the forward end portion 22 of the molten glass f low 20 is carried 

out as follows. That is, a pair of shear blades is penetrated into 

the molten glass flow 20 from directions opposite t o each other, 

[0114]         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 the sun gear performs a planetary gear motion, that is, revolves around
the sun gear while spinning. [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, the front and back main surface s of each di sk- shaped glas s s poll shed .
Note that, in the first polishing step, a hard resin polisher, for example, is used as the polishing pad
and cerium oxide abrasive grains, for example, are used as the polishing material. [0116]        Next,
the disk-shaped glass after the first polishing is subjected to chemical strengthening. It is possible to
use, as a molten salt that is used for the chemical strengthening, for example, a mixed molten salt of
potas s ium nitrate ( 6 0 mas s % ) and s odium nitrate ( 4 0 mas s % ) . In the chemical strengthening,
the molten salt is heated to, for example, 300C to 400C, and a cleaned disk-like glass is pre-heated to,
for example, 200C to 300C and then immersed in the molten salt for, for example, 3 hours to 4 hours.
The immersion is preferably performed under a state in which a plurality of disk-shaped glasses are
contained in a holder so as to be held by their end surfaces so that both main surfaces of each of the
disk-shaped glasses entirely undergo chemical strengthening. 
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the directions crossing the vertical direction, the  directions which 

are substantially perpendicular to direction to whi ch the molten 

glass flow 20 falls and directions which are almost  corresponding 

in the major axis direction of the cross section of  the vicinity 

of the forward end portion 22 of the molten glass f low 20.Separating 

the forward end portion 22 of the molten glass flow  20 as described 

above can make the shear mark smaller.  In this cas e, even if the 

inner diameter of the central hole is small, the sh ear mark can 

be localized in the range in which the central hole  of the glass 

blank is formed.  Note that, in order to make the c ross section of 

the vicinity of the forward end portion 22 of the m olten glass flow 

20 have a substantially elliptical shape, it is pos sible to adopt, 

for example, a method involving making the aperture  shape of the 

glass outlet 12 elongated and a method involving mo difying the 

cross-sectional shape so as to be elongated by sand wiching the molten 

glass flow 20 from its both sides along the directi on to which the 

molten glass flow 20 falls.  Further, as a techniqu e for making a 

shear mark smaller, a method involving cutting a mo lten glass flow 

by using a pair of shear blades in which each blade  portion is branched 

and has a V shape or a U shape is also effective.  In this case, 

as exemplified in FIG. 2, the separation of the for ward end portion 

22 of the molten glass flow 20 is carried out by ca using a pair 

of the shear blades 30 and 40 to penetrate into the  molten glass 

flow 20 from directions opposite to each other, the  directions 

crossing the vertical direction and being substanti ally 

[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 the disk-shaped glass are substituted by
sodium 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 m. 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 is
subjected to second polishing. A machining allowance removed by the second polishing is, for
example, about 1 m. The purpose of the second polishing is to finish the main surfaces like mirror
surfaces. In the second polishing step, the disk-shaped glass is polished by using 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 of a polishing 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 with those in the first polishing step.
For example, in the second polishing step, a soft foamed resin polisher, for example, is used as the
polishing pad, and finer cerium oxide abrasive grains than the cerium oxide abrasive grains used in the
first polishing step or colloidal silica, for example, is used as the polishingmaterial. The disk-shaped
glass polished in the second polishing step is again cleaned. In the cleaning, a neutral detergent, pure
water, or IPA is used. [0119] 
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perpendicular to the direction to which the molten glass flow 20 

falls. 

 [0087] 

 Further, the size of the shear mark formed in the glass blank 

increases and decreases depending on the inner peri pheral length 

of the glass outlet 12.  As the inner peripheral le ngth of the glass 

outlet 12 increases, the size of the shear mark als o increases, 

and as the inner peripheral length of the glass out let 12 decreases, 

the size of the shear mark also decreases.  Thus, i n order to make 

the size of the shear mark smaller than the diamete r of the central 

hole, it is recommended to make the inner periphera l length of the 

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.  For example, if an outflowing molten glass  has a viscosity 

of 700 dPa ·s and the inner peripheral length of the glass outl et 

12 is set to 47 mm (which corresponds to an inner d iameter of about 

15 mm when the glass outlet 12 has a circular shape ), the outflow 

amount per unit time of the molten glass flow 20 be comes 500 g/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, which is 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 

is kept at the above-mentioned value and the inner peripheral length 

The second polishing yields a glass substrate for a magnetic disk having, for example, a flatness in
main surface of 4 m 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. [0120]        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 step are not removed, and hence more preferred is the
routing in which a) the first polishing step, b) the chemical strengthening step, and c) the second
polishing step are carried out in the stated order. [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 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
first embodiment. 
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of the glass outlet 12 is set to 41 mm (which corre sponds to an 

inner diameter of about 13 mm), the outflow amount per unit time 

of the molten glass flow 20 becomes 350 g/minute (w hich corresponds 

to 35 glass blanks) and the size of the shear mark becomes 15 mm, 

and hence the size of the shear mark can be made sm aller than 20 

mm, which is the diameter of the central hole of th e magnetic recording 

medium substrate with a 2.5 inch size.  As describe d above, the size 

of the shear mark can be controlled so as to fall w ithin the diameter 

of the central hole of the magnetic recording mediu m substrate. 

 [0088] 

 FIG. 12 is a schematic cross-sectional view illust rating one 

example of separation of a forward end portion of a  molten glass 

flow using a pair of shear blades.  Here, FIG. 11 i s a view specifically 

illustrating the case where the cross section (hori zontal cross 

section) of the molten glass flow 20 along a plane perpendicular 

to the central axis D in FIG. 1 has a substantially  elliptical shape.  

Here, in the figure, an alternate long and short da sh line S means 

the direction that agrees with the major axis direc tion of the molten 

glass flow 20 having an elliptical shape as the hor izontal cross 

section, and is parallel to the arrow X1 direction and the arrow 

X2 direction.  In the example illustrated in FIG. 1 1, a pair of the 

shear blades 30 and 40 is penetrated into the molte n glass flow 

20 from directions opposite to each other, the dire ctions crossing 

the vertical direction (central axis D), being perp endicular to 

the direction (central axis D) to which the molten glass flow 20 

[0122]         On the main surface of a magnetic recording medium substrate (glass substrate for a
magnetic disk) manufactured by the method of manufacturing a magnetic recording medium substrate
in the first embodiment, layers such as a magnetic layer are formed, thereby manufacturing a
magnetic recording medium substrate (a magnetic disk). For example, from the main surface side of
the substrate, an adherent layer, a soft magnetic layer, a non-magnetic undercoat layer, a vertical
magnetic recording layer, a protective layer, and a lubricant layer are laminated sequentially .
Theadherentlayer, in which, for example, a Cr alloy is used, functions as an adhesion layer with a glas
s substrate. In the s oft magnetic layer, for example, a CoIaZr alloy is used. In the non-magnetic
undercoat layer, for example, a non-magnetic granular layer is used. In the vertical magnetic recording
layer, for example, a magnetic granular layer is used. Further, in the protective layer, a material made
of hydrogen carbon is used, and in the lubricant layer, for example,  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 CrIi adherent layer, a CoIaZr/Ru/CoIaZr 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] 
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falls, and agreeing with the major axis direction S  of the horizontal 

cross section of the molten glass flow 20 (penetrat ion is caused 

by moving the lower side blade 30 in the X1 directi on and moving 

the upper side blade 40 in the X2 direction). 

 [0089] 

 A glass blank is produced 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 de viation and a 

small flatness can be easily obtained.  Note that t he thickness 

deviation of the glass blank that is manufactured i s preferably 

10 µm or less, and the flatness of the glass blank is p referably 

10 µm or less, more preferably 8 µm or less, still more preferably 

6 µm or less, particularly preferably 4 µm or less. 

 [0090] 

 The method of manufacturing a glass blank in the f irst 

embodiment is suitable for producing a glass blank having a ratio 

of diameter to thickness (diameter/thickness) of 50  to 150.  Here, 

the diameter refers to an arithmetic average of the  major axis and 

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, 

the circularity of the glass blank that is produced  is not particularly 

limited, but is preferably controlled to within ±0. 5 mm. 

 [0091] 

 The diameter of the glass blank is not particularl y limited.  

<Second embodiment> [Method of manufacturing glass blank]         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 molten glass gob is changed so
that the site at which 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. [0125]         The method of
manufacturing a glass blank in the second embodiment is hereinafter described with reference to the
drawings. FIG. 13 illustrates how a molten glass flow 2 flowing out from a glass outlet opening at the
lower end of a glass effluent pipe 1 falls in the air. The molten glass flow 2 is 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 surface of
the shear blade 3-1 has a projection 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
projection 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
dPa-s. [0126]         FIG. 14 illustrates an appearance of the moment of cutting 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 as not
to produce a gap, thereby separating a molten glass gob 4. The projection 3-1-a applies a torque for
turning the molten glass gob 4 clockwise by pushing an upper portion of the molten glass gob 4 from
the horizontal direction immediately after the separation of the molten glass gob 4. Note that it may
also be possible to adopt a structure that the projection 3-1-a is separated from the shear blade, and
the separated projection 3-1-a applies a torque for turning the molten glass gob 
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The diameter is preferably set, as a target value, to a value obtained 

by adding, to the diameter of the substrate, the am ount of glass 

that is removed at the time of scribe processing an d outer peripheral 

processing which are carried out when the glass bla nk is processed 

into a magnetic recording medium substrate, as desc ribed below. 

 [0092] 

 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 thickn ess, thickness 

deviation, flatness, diameter, and circularity of t he 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 properti es that are 

required for a magnetic recording medium substrate.   Examples of 

the glass include alumino silicate glass, soda lime  glass, soda 

alumino silicate glass, and alumino borosilicate gl ass.  Further, 

these kinds of glass may be crystallized glass, whi ch is crystallized 

by heat treatment, and can be crystallized by heat treatment and 

then processed into a magnetic recording medium sub strate. 

 [0094] 

 Glass used for a magnetic recording medium substra te that is 

utilized for producing a magnetic recording medium such as a magnetic 

disk desirably has chemical durability, large rigid ity, and a high 

thermal expansion coefficient.  Further, when impor tance is given 

4 by pushing an upper portion of the molten glas s gob 4 in the hori z ontal direction, or causes the
molten glass gob 4 to turn clockwise by pushing a lower portion of the molten glass gob in the
horizontal direction, in synchronization with the movement of the shear blade 3-1. [0127]         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 are used for determining the distance between the press-molding surfaces by abutting the
press mold 6 so that the distance between the press-molding surfaces is equal to the thickness of a
thin flat glass at the time of press-molding and used for guiding the press mold body 5-1 when the
press mold body 5-1 is caused to attach to the main surface of the thin flat glass. [0129] 
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to enhancing bending strength, the glass is require d to have a 

composition that is suitable for undergoing chemica l strengthening, 

and when high-temperature heat treatment is carried  out in a process 

of producing a magnetic recording medium, the glass  is desired to 

have a composition that is suitable for exhibiting good heat 

resistance. 

 [0095] 

 It is possible to give, as glass having chemical d 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 2O3; 

3) 3 to 35% in total of at least one kind of metal oxide selected 

from Li 2O, Na 2O, and K 2O; 

4) 0 to 35% in total of at least one kind of metal oxide selected 

from MgO, CaO, SrO, BaO, and ZnO; and 

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

from ZrO 2, TiO 2, La 2O3, Y 2O3, Ta 2O5, Nb 2O5, and HfO 2. 

 [0096] 

 Note that it is desirable to add Sn oxide and Ce o xide at a 

total content in terms of outer percentage in the r ange 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 o xide 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 

It is preferred to use a metal or an alloy as a material for forming the press mold in view of heat
resistance, workability, and durability. In particular, a metal or alloy having a heat resistant temperature
of 1, 000C or more, preferably 1,100C or more when used in the pre s s mold i s more preferred .
Specific example s of the material preferably include ferrum casting ductile (FCD), alloy tool steel
(such as SKD61), high-speed steel (SKH), cemented carbide, Colmonoy, and Stellite. [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 pm. [0131]         The press mold 6 includes, for example, a press mold body 6-1 having a
press-molding surface 6-1-a and guide members 6-2, which are fitted around the press mold body 6-1
and are used for determining the distance between the press-molding surfaces by abutting the press
mold 5 so that the distance between the press-molding surfaces is equal to the thickness of the thin
flat glass at the time of press-molding and used for guiding the press mold body 6-1 when the press
mold body 6-1 is caused to attach to the main surface of the thin flat glass. 
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specified, the content and total content of glass c omponents are 

expressed in mol%, but the contents of Sn oxide and  Ce oxide are 

expressed in mass%. 

 [0097] 

 SiO 2, which is a component for forming a glass network,  is 

an essential component that functions so as to impr ove glass stability 

and chemical durability, in particular, acid resist ance.  When the 

content of SiO 2 is less than 50%, the above-mentioned functions ca 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 e glass at the 

time of fining becomes too high.  Thus, the content  of SiO 2 is 

preferably 50 to 75%. 

 [0098] 

 Al 2O3 also contributes to forming a glass network, funct ions 

so as to improve glass stability and chemical durab ility, and also 

functions so as to increase an ion exchange rate at  the time of 

chemical strengthening.  When the content of Al 2O3 exceeds 15%, the 

meltability of the glass lowers and undissolved sub stances may be 

liable to occur.  Moreover, the thermal expansion c oefficient may 

lower and the Young's modulus may lower.  Thus, the  content of Al 2O3 

is preferably 0 to 15%. 

 [0099] 

 Li 2O, Na 2O, and K 2O each function so as to improve the meltability 

and moldability of the glass, and also function so as to increase 

[0132]         In FIG. 16, the molten glass gob 4 falls while turning into the space between the press
molds 5 and 6 in forward driving to press the molten glass gob 4. [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 the molten glass gob
increases, deviating from the viscosity range suitable for press-molding and in order to prevent the
phenomenon that the falling speed becomes too high, fluctuating the position of pressing. [0134]
After the surface of the molten glass gob comes into contact with the press-molding surfaces, the
surface of the molten glass gob is solidified so as to attach to the press-molding surfaces. 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 surfaces first come into contact,
thereby forming the glass into a thin flat glass having a disk shape or a disk-like shape. 
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the thermal expansion coefficient of the glass.  Wh en the content 

of Li 2O, Na 2O, and K 2O 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 lowere d.  Further, a 

glass transition temperature may be lowered, thereb y lowering heat 

resistance as well.  Accordingly, the content of Li 2O, Na 2O, and 

K2O is preferably 3 to 35%, more preferably 5 to 35%.   It should 

be noted that, out of Li 2O, Na 2O, and K 2O, Li 2O has the greatest function 

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, 

and also function so as to increase the thermal exp ansion coefficient 

and Young's modulus of the glass.  However, when th e total content 

of MgO, CaO, SrO, BaO, and ZnO exceeds 35%, chemica l durability 

or the thermal stability of the glass may be lowere d.  Accordingly, 

the total content of MgO, CaO, SrO, BaO, and ZnO is  preferably 0 

to 35%.   

 [0101] 

 ZrO 2, TiO 2, La 2O3, Y 2O3, Ta 2O5, Nb 2O5, and HfO 2 each function 

so as to improve chemical durability, in particular , alkali 

resistance, improve heat resistance by enhancing a glass transition 

temperature, and enhance a Young's modulus and frac ture toughness.  

However, when the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Ta 2O5, 

[0135]         FIG. 18 illustrates how the glass is pressed and spread in the above-mentioned pressing
process. The shear mark and its neighboring portion first come into contact with the press-molding
surface 6-1-a and are solidified so as to attach to the molding surface 6-1-a, and hence the shear mark
and its neighboring portion remain in the surface of the central portion of the thin flat glass. [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 illustrated in
FIG. 17 until the mold closing illustrated in FIG. 19 is preferably controlled to 0.1 second or less for the
purpose of forming the molten glass gob into a thin flat glass. [0137]         In FIG. 20, a pressure that is
sufficiently smaller than the press pressure is applied to the press mold bodies 5-1 and 6-1 under a
state in which the abutting surface 5-1-a and the abutting surface 6-1-a abut each other so that the
press-molding surfaces 5-1-a and 6-1-a are each closely attached to the main surface of the thin flat
glass. If the press pressure is increased while this state is being kept, glass may break. While this
state is being kept for several seconds, the thin flat glass is cooled. [0138] 
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Nb2O5, and HfO 2 exceeds 15%, the meltability of the glass may be 

lowered.  As a result, an unmelted glass raw materi al may remain 

in the glass.  Accordingly, the total content of Zr O2, TiO 2, La 2O3, 

Y2O3, Ta 2O5, Nb 2O5, and HfO 2 is preferably 0 to 15%. 

 [0102] 

 Composition ranges included in the above-mentioned  

composition range are given below.  Note that the c ontent and total 

content of glass components are expressed in mol%, unless otherwise 

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 2O3: 3 to 12%, 

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

from Li 2O, Na 2O, and K 2O: 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 

from ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 : 0 to 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 2O3: 1 to 15%, 

Next, 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 press-molding surface 6-1-a. Then, as illustrated in FIG. 22, the thin flat glass
4-B is demolded from the press-molding surface 5-1-a and is taken out. When the thin flat glass 4-B is
demolded from thepress-molding surface 5-1-a, if the thin flat glass 4-B is demolded as if peeling it by
applying 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-molding surface without applying a large force to the thin flat glass. [0139]
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 air. When the molten glass having a viscosity of less than 500 dPa-s at the time of outflow is
used, it is recommended that a necessary amount of the molten glass for obtaining the molten glass
gob be accumulated by supporting the lower end of the molten glass flow below the glass outlet, the
molten glass gob be then separated, the molten glass gob be caused to fall by applying a torque for
turning, and pressing be started after the position of a shear mark is adjusted so that the shear mark
faces one of the press-molding surfaces. [0141] 
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3) the total content of at least one kind of metal oxide selected 

from Li 2O, Na 2O, and K 2O: 15 to 25%, 

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

from MgO, CaO, SrO, BaO, and ZnO: 1 to 6%, and 

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

from ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 : 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 SiO 2: 50 to 70%, 

2) the content of Al 2O3: 1 to 8%, 

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

from Li 2O, Na 2O, and K 2O: 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 

from ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 : 3 to 10%. 

 [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 2O3: 1 to 10%, 

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

from Li 2O, Na 2O, and K 2O: 5 to 17% (provided that the content of 

By subjecting the molten glass gob that is falling to press-molding, the viscosity distribution of the
molten glass gob 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. When 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. [0142]         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. Because
the molten glass flow is sheared in the major axis direction, the shear mark can be made smaller.
Thus, even in the case where the inner diameter of the central hole of a substrate is small, the shear
mark can be localized in the area in which the central hole is formed. As a technique for making a
shear mark smaller, a method involving cutting a molten glass flow by causing a pair of shear blades in
which cutting blades each have a V shape or a U shape to cross each other is also effective. [0143]
According to the method described above, there can be produced a glass blank having a thickness
deviation of 10 m or less and a flatness of 10 m or less. The preferred range of the flatness of the
glass blank is 8 m or less, the more preferred range is 6 m or less, and the still more preferred range is
4 m or less. [0144]         The method of manufacturing a glass blank in the second embodiment is
suitable for producing a glass blank having a ratio of diameter to thickness (diameter/thickness) of 50
to 150. Here, the diameter refers to an arithmetic average of the major axis and minor axis of the glass
blank. The press molds do not regulate the outer peripheral surface of the glass blank, and hence the
outer peripheral surface is a free surface, and the circularity of the glass blank that is molded is within
0.5 mm. 
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Li 2O is 0 to 5%, preferably 0 to 1%), 

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

from MgO, CaO, SrO, BaO, and ZnO: 10 to 25%, and 

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

from ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 : 1 to 12%. 

 [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 2O3: 0 to 5%, 

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

from Li 2O, Na 2O, and K 2O: 3 to 15% (provided that the content of 

Li 2O is 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 

from ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 : 2 to 9%. 

 [0108] 

[Method of manufacturing magnetic recording medium substrate] 

 A method of manufacturing a magnetic recording med ium substrate 

in the first embodiment is characterized in that a magnetic recording 

medium substrate is produced by at least going thro ugh a central 

hole-forming step of forming a central hole in the central portion 

of the main surface of a glass blank manufactured b y the method 

[0145]         The diameter of the glass blank is not particularly limited. The diameter is 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 processing which are carried out
when the glass blank is processed into a magnetic recording medium substrate, as described below.
[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 alumino silicate glass, and alumino borosilicate glass. Further, these
kinds of glass maybe crystalli zed glas s , which is crystallized by heat treatment, and can be
crystallized by heat treatment and then processed into a substrate. 
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of manufacturing a glass blank in the first embodim ent and a polishing 

step of polishing the main surface. 

 [0109] 

 First, scribing is performed on a glass blank prod uced by the 

method of manufacturing a glass blank in the first embodiment.  

Scribing refers to providing cutting lines (line-li ke 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 remaini ng in the glass 

blank is localized inside the inner concentric circ le.  The glass 

blank having scribed thereon the two concentric cir cles is partially 

heated, and the outside portion of the outer concen tric circle and 

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 

ring shape.  The removal of the inside portion of t he inner concentric 

circle corresponds to the central hole-forming step  of forming a 

central hole, and this processing contributes to re moving the shear 

mark. 

 [0110] 

 When scribe processing is carried out, if the roug hness of 

the main surface of the glass blank is 1 µm or less, cutting lines 

can be suitably provided by using a scriber.  Note that, in the case 

[0148]         Glass used for a substrate of a magnetic recording medium such as amagnetic disk
desirablyhas chemical durability, large rigidity, and a high thermal expansion coefficient. Further, when
importance is given to enhancing bending strength, the glass is required to have a composition that is
suitable for undergoing chemical strengthening, and when high-temperature heat treatment is carried
out in a process of producing a magnetic recording medium, the glass is desired to have a composition
that is suitable for exhibiting good heat resistance. [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; 
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where the roughness of the main surface of the glas s blank exceeds 

1 µm, a scriber does not follow the irregularities of the surface 

and it may become difficult to provide cutting line s uniformly.  

In this case, after the main surface of the glass b lank is made 

smooth, scribing is performed. 

 [0111] 

 Next, the scribed glass undergoes shape processing .  The shape 

processing includes chamfering (chamfering of an ou ter peripheral 

end portion and an inner peripheral end portion).  In the chamfering, 

the outer peripheral end portion and inner peripher al end portion 

of the ring-shaped glass are chamfered with a diamo nd 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 side end surface of the disk-s haped glass undergo 

mirror finish by brush polishing.  In this case, th ere is used a 

slurry including fine particles of cerium oxide or the like as free 

abrasive grains.  The end surface polishing removes  contamination 

caused by attachment of dust or the like and impair  such as damage 

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 irst polishing 

is carried out on the main surfaces of the disk-sha ped glass.  The 

purpose of the first polishing is to remove flaws a nd strain remaining 

in the main surfaces. 

0 to 35% in total of MgO, CaO, Sr0, BaO, and Zn0; and 0 to 15% in total of Zr02, 1102, La203, Y203,
Ia205, Nb205, and Hf02. [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]         Si02, which is a
component for forming a glass network, is an e s sential component that functions so as to improve
glas s stability and chemical durability, in particular, acid resistance. When the content ofSiO2is less
than 50%, the above-mentionedfunctions cannot be sufficiently provided. When the content of Si02
exceeds 75%, undissolved substances occurs in the glass or bubble removal becomes insufficient
because the viscosity of the glass at the time of fining becomes too high. Thus, the content of Si02 is
preferably 50 to 75%. [0152] 
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 [0113] 

 A machining allowance removed by the first polishi ng is, for 

example, several µm to about 10 µm.  In the first polishing step 

and the second polishing step described below, a do uble-side 

polishing apparatus is used.  The double-side polis hing apparatus 

is an apparatus for carrying out polishing with pol ishing pads by 

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

 [0114] 

 The double-side polishing apparatus includes a pol ishing 

carrier fitting portion having an internal gear and  a sun gear which 

are each rotationally driven at a predetermined rot ation rate and 

also includes an upper surface plate and a lower su rface plate which 

are rotationally driven in opposite directions to e ach other with 

the polishing carrier fitting portion being sandwic hed by both the 

plates.  On each surface facing a disk-shaped glass  of the upper 

surface plate and lower surface plate, the polishin g pads described 

below are attached.  Each polishing carrier fitted so as to be engaged 

with each of the internal gear and the sun gear per forms a planetary 

gear motion, that is, revolves around the sun gear while spinning. 

 [0115] 

 The each polishing carrier holds a plurality of di sk-shaped 

glasses.  The upper surface plate is movable in the  vertical direction 

and presses each polishing pad onto the front and b ack main surfaces 

of each disk-shaped glass.  Then, while a slurry (p olishing liquid) 

containing polishing abrasive grains (polishing mat erial) is being 

Al202 also contributes to forming a glass network, functions so as to improve glass stability and
chemical durability, and also functions so as to increase an ion exchange rate at the time of chemical
strengthening. When the content of Al202 exceeds 15%, the meltability of the glass lowers and undi s
s olved sub stance s 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%. [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%, more
preferably 5 to 35%. It should be noted that, out of Li20, Na20, and K20, Li20 has the greatest function
of lowering a glass transition temperature. [0154]         MgO, CaO, Sr0, BaO, and ZnO each function
so as to improve the meltability, moldability, and Young's modulus of the glass, and also function so as
to increase the thermal expansion coefficient and Young's modulus of the glass. However, when the
total content of MgO, CaO, Sr0, BaO, and ZnO exceeds 35%, chemical durability or the thermal
stability of the glass is lowered. Accordingly, the total content of MgO, CaO, Sr0, BaO, and ZnO is
preferably 0 to  
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supplied, the disk-shaped glass and the polishing p ad move relatively 

owning to the planetary gear motion of the polishin g carrier and 

the phenomenon that the upper surface plate and the  lower surface 

plate rotate in opposite directions to each other.  As a result, 

the front and back main surfaces of each disk-shape d glass is polished.  

Note that, in the first polishing step, a hard resi n polisher, for 

example, is used as the polishing pad and cerium ox ide abrasive 

grains, for example, are used as the polishing mate rial. 

 [0116] 

 Next, the disk-shaped glass after the first polish ing is 

subjected to chemical strengthening.  It is possibl e to use, as a 

molten salt that is used for the chemical strengthe ning, for example, 

a mixed molten salt of potassium nitrate (60 mass%)  and sodium nitrate 

(40 mass%).  In the chemical strengthening, the mol ten salt is heated 

to, for example, 300°C to 400°C, and a cleaned disk -like glass is 

pre-heated to, for example, 200°C to 300°C and then  immersed in 

the molten salt for, for example, 3 hours to 4 hour s.  The immersion 

is preferably performed under a state in which a pl urality of 

disk-shaped glasses are contained in a holder so as  to be held by 

their end surfaces so that both main surfaces of ea ch of the 

disk-shaped glasses entirely undergo chemical stren gthening. 

 [0117] 

 Each disk-shaped glass is immersed in the molten s alt, as 

described above, and as a result, lithium ions and sodium ions in 

the surface layers of the disk-shaped glass are sub stituted by sodium 

[0155]         Zr02, 1102, La202, Y202, Ia205, Nb205, and Hf02 each function so as to improve
chemical durability, in particular, alkali resistance, improve heat resistance by enhancing a glass
transition temperature, and enhance a Young's modulus and fracture toughness. However, when the
total content of Zr02, 1102, La202, Y202, Ia205, Nb205, and Hf02 exceeds 15%, the meltability of the
glass is lowered. As a result, an unmelted glass raw material remains in the glass. Accordingly, the
total content of Zr02, 1102, La202, Y202, Ia202,Nb202, and Hf02 is preferably 0 to 15%. [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%, 
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ions and potassium ions each having a relatively la rge ion radius 

in the molten salt, respectively, forming a compres sive stress layer 

with a thickness of about 50 to 200 µm.  Thus, the disk-shaped glass 

is strengthened and is provided with good impact re sistance.  Note 

that the glass having undergone chemical strengthen ing 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 ch emical 

strengthening and has been cleaned sufficiently is subjected to 

second polishing.  A machining allowance removed by  the second 

polishing is, for example, about 1 µm.  The purpose of the second 

polishing is to finish the main surfaces like mirro r surfaces.  In 

the second polishing step, the disk-shaped glass is  polished by 

using a double-side polishing apparatus as in the f irst polishing 

step, but the composition of polishing abrasive gra ins contained 

in a polishing liquid (slurry) to be used and the c omposition of 

a polishing pad are different from those in the fir st one.  In the 

second polishing step, there are used polishing abr asive grains 

each having a smaller diameter and a softer polishi ng pad compared 

with those in the first polishing step.  For exampl e, in the second 

polishing step, a soft foamed resin polisher, for e xample, is used 

as the polishing pad, and finer cerium oxide abrasi ve grains than 

the cerium oxide abrasive grains used in the first polishing step 

the content of Al203: 3 to 12%, the total content of Li20, Na20, and K20: 20 to 35% (preferably 23 to
35%), the total content of Mg0, Ca, Sr0, Ba0, and ZnO: 0 to 5%, and the total content of Zr02, 1102,
La202, Y202, Yb202, Ia205, Nb205, and  Hf02 : 0 to 7%. [0158]         Second glass, in which
Importance is given to chemical durability, has a composition range of 
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or colloidal silica, for example, is used as the po lishing material.  

The disk-shaped glass polished in the second polish ing step is again 

cleaned.  In the cleaning, a neutral detergent, pur e water, or IPA 

is used. 

 [0119] 

 The second polishing yields a glass substrate for a magnetic 

disk having, for example, a flatness in main surfac e of 4 µm or 

less and a roughness in main surface of 0.2 nm or l ess.  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. 

 [0120] 

 Note that the chemical strengthening step is carri ed out 

between the first polishing step and the second pol ishing step, 

and the order of these steps is not limited to this  order.  As long 

as the second polishing step is carried out after t he first polishing 

step, the chemical strengthening step can be arbitr arily arranged.  

For example, the order of a) the first polishing st ep, b) the second 

polishing step, and c) the chemical strengthening s tep (hereinafter, 

referred to as "routing 1" in some cases) will do.  Note that if 

the routing 1 is adopted, surface irregularities th at may be produced 

by the chemical strengthening step are not removed,  and hence more 

preferred is the routing in which a) the first poli shing step, b) 

the chemical strengthening step, and c) the second polishing step 

are carried out in the stated order. 

 [0121] 

the content of 5102: 60 to 75%, the content of Al203: 1 to 15%, 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%, 
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[Method of manufacturing magnetic recording medium]  

 A method of manufacturing a magnetic recording med ium in the 

first embodiment is characterized in that a magneti c recording medium 

is produced by at least going through a magnetic re cording 

layer-forming step of forming a magnetic recording layer on a magnetic 

recording medium substrate manufactured by the meth od of 

manufacturing a magnetic recording medium substrate  in the first 

embodiment. 

 [0122] 

 On the main surface of a magnetic recording medium  substrate 

(glass substrate for a magnetic disk) manufactured by the method 

of manufacturing a magnetic recording medium substr ate in the first 

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, 

an adherent layer, a soft magnetic layer, a non-mag netic undercoat 

layer, a vertical magnetic recording layer, a prote ctive layer, 

and a lubricant layer are laminated sequentially.  The adherent layer, 

in which, for example, a Cr alloy is used, function s as an adhesion 

layer with a glass substrate.  In the soft magnetic  layer, for example, 

a CoTaZr alloy is used.  In the 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 , for example, 

the content of Al203: 1 to 8%, the total content of L120, Na20, and K20: 12 to 22%, 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%, 
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a fluorine-based resin is used. 

 [0123] 

 More specifically, an inline-type sputtering appar atus is used 

to form sequentially, on both main surfaces of a gl ass substrate, 

a CrTi adherent layer, a CoTaZr/Ru/CoTaZr soft magn etic layer, a 

CoCrSiO 2 non-magnetic granular undercoat layer, a CoCrPt-Si O2·TiO 2 

magnetic granular layer, and a hydrogenated carbon protective layer.  

Besides, a perfluoropolyether lubricant layer is fo rmed on the formed 

uppermost layer by a dip method, yielding a magneti c recording medium 

(magnetic disk). 

 [0124] 

<Second embodiment> 

[Method of manufacturing glass blank] 

 A method of manufacturing a glass blank in the sec ond embodiment 

includes separating a molten glass gob from a molte n glass flow 

flowing out from a glass outlet and press-molding t he molten glass 

gob into a thin flat glass by using press molds, th ereby manufacturing 

a glass blank to be processed into a magnetic recor ding medium 

substrate having a central hole, in which the molte n glass gob is 

separated and falls, and the molten glass gob in th e air is pressed 

with press-molding surfaces facing each other, ther eby molding the 

molten glass gob into the thin flat glass, and the direction of 

the molten glass gob is changed so that the site at  which the molten 

glass gob is separated from the molten glass flow f aces one of the 

press-molding surfaces, followed by the start of th e pressing. 

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%), 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%, 
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 [0125] 

 The method of manufacturing a glass blank in the s econd 

embodiment is hereinafter described with reference to the drawings.  

FIG. 13 illustrates how a molten glass flow 2 flowi ng out from a 

glass outlet opening at the lower end of a glass ef fluent pipe 1 

falls in the air.  The molten glass flow 2 is cut b y causing the 

tips of a pair of shear blades 3-1 and 3-2 to cross  each other, 

thereby shearing glass.  The lower surface of the s hear blade 3-1 

has a projection 3-1-a for applying a torque for tu rning to a molten 

glass gob by pushing its upper portion from the hor izontal direction.  

The length in the horizontal direction of the proje ction 3-1-a is 

adjustable.  The viscosity of outflowing molten gla ss 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 dPa ·s. 

 [0126] 

 FIG. 14 illustrates an appearance of the moment of  cutting 

a lower portion of the molten glass flow 2 by causi ng the tips of 

the shear blades 3-1 and 3-2 to cross each other so  as not to produce 

a gap, thereby separating a molten glass gob 4.  Th e projection 3-1-a 

applies a torque for turning the molten glass gob 4  clockwise by 

pushing an upper portion of the molten glass gob 4 from the horizontal 

direction immediately after the separation of the m olten glass gob 

4.  Note that it may also be possible to adopt a st ructure that the 

projection 3-1-a is separated from the shear blade,  and the separated 

projection 3-1-a applies a torque for turning the m olten glass gob 

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%. [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. 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
remaining in the glass blank is localized inside the inner concentric circle. The glass blank having
scribed thereon the two concentric circles is partially heated, and the outside portion of the outer
concentric circle and the inside portion of the inner concentric circle are removed by virtue of the
difference in thermal expansion of glass, thereby yielding a disk-shaped glass having a perfect circle
shape. The removal of the inside portion of the inner concentric circle corresponds to the central
hole-forming processing, and this processing contributes to removing the shear mark. 
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4 by pushing an upper portion of the molten glass g ob 4 in the horizontal 

direction, or causes the molten glass gob 4 to turn  clockwise by 

pushing a lower portion of the molten glass gob in the horizontal 

direction, in synchronization with the movement of the shear blade 

3-1. 

 [0127] 

 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 a t the peak portion 

of the molten glass gob 4 by the shear blades, and the shear mark 

4-a turns in the horizontal direction simultaneousl y with the turn 

of the molten glass gob 4. 

 [0128] 

 FIG. 16 illustrates a vertical cross section of pr ess 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  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 d to attach to 

the main surface of the thin flat glass. 

 [0129] 

 It is preferred to use a metal or an alloy as a ma terial for 

[0164]         The roughness of the main surface of the glass blank is 1 m or less, and hence cutting
lines can be suitably provided by using a scriber. Note that, in the case where the roughness of the
main surface of the glass blank exceeds 1 m, a scriber does not follow the irregularities of the surface
and cutting line s cannot be provided uniformly. Accordingly, after the main surface of the glass blank
is made smooth, scribing is performed. [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 used a slurry including fine particles of cerium oxide or the like as
free abrasive grains. The end surface polishing removes contamination caused by attachment of dust
or the like and impair such as damage or flaws on or in the end surfaces of the glass. As a result,
precipitation of ions of sodium, potassium, and the like causing corrosion can be prevented from
occurring. Next, first polishing is carried out on the main surfaces of the disk-shaped glass. The
purpose of the first polishing is to remove flaws and strain remaining in the main surfaces. [0167] 
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forming the press mold in view of heat resistance, workability, 

and durability.  In particular, a metal or alloy ha ving a heat 

resistant temperature of 1,000°C or more, preferabl y 1,100°C or 

more when used in the press mold is more preferred.   Specific examples 

of the material preferably include ferrum casting d uctile (FCD), 

alloy tool steel (such as SKD61), high-speed steel (SKH), cemented 

carbide, Colmonoy, and Stellite. 

 [0130] 

 The main surface of the glass blank is molded by t ranscribing 

the press-molding surface to glass, and hence the s urface roughness 

of the press-molding surface and the surface roughn ess of the main 

surface of the glass blank become substantially the  same.  The surface 

roughness of the main surface of the glass blank is  desirably 

controlled to the range of 0.01 to 10 µm in view of performing the 

scribe processing and grinding processing using a d iamond sheet 

which are described below, and hence the surface ro ughness of the 

press-molding surface is also preferably controlled  to the range 

of 0.01 to 10 µm. 

 [0131] 

 The press mold 6 includes, for example, a press mo ld body 6-1 

having a press-molding surface 6-1-a and guide memb ers 6-2, which 

are fitted around the press mold body 6-1 and are u sed for determining 

the distance between the press-molding surfaces by abutting the 

press mold 5 so that the distance between the press -molding surfaces 

is equal to the thickness of the thin flat glass at  the time of 

A machining allowance removed by the first polishing is, for example, several m to about 10 m. A
grinding step removing a large machining allowance is not required, and hence a flaw, strain, or the
like due to the grinding step is not generated 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 double-side polishing apparatus is an apparatus for
carrying out polishing with polishing pads by relatively moving a disk-shaped glass and the polishing
pads. [0168]         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 the sun gear performs a planetary gear motion, that is, revolves
around the sun gear while spinning. [0169]         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  
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press-molding and used for guiding the press mold b ody 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, the molten glass gob 4 falls while tur ning into 

the space between the press molds 5 and 6 in forwar d driving to 

press the molten glass gob 4. 

 [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 w ith the 

press-molding surface 6-1-a.  In order to realize t his 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 1,000 mm or le ss, more preferably 

500 mm or less, still more preferably 300 mm or les s, yet still 

more preferably 200 mm or less, in order to prevent  the phenomenon 

that the viscosity of the molten glass gob increase s, deviating 

from the viscosity range suitable for press-molding  and in order 

to prevent the phenomenon that the falling speed be comes too high, 

fluctuating the position of pressing. 

 [0134] 

 After the surface of the molten glass gob comes in to contact 

with the press-molding surfaces, the surface of the  molten glass 

gob is solidified so as to attach to the press-mold ing surfaces.  

the phenomenon that the upper surface plate and the lower surface plate rotate in opposite directions
to each other. As a result, the front and back main surface s of each di sk- shaped glas s s poll shed .
Note that, in the first polishing step, a hard resin polisher, for example, is used as the polishing pad
and cerium oxide abrasive grains, for example, are used as the polishing material. [0170]         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
holder so as to be held by their end surfaces so that both main surfaces of each of the glasses entirely
undergo chemical strengthening. [0171]         Each glass is immersed in the chemical strengthening
solution, as described above, and as a result, lithium ions and sodium ions in the surface layers of the
glass are substituted by sodium ions and potassium ions each having a relatively large ion radius in
the chemical strengthening solution, respectively, forming a  compressive stress layer with a thickness
of about 50 to 200 m. Thus, the 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 cleanedwith sulfuric acid and then cleaned with pure water , isopropyl alcohol (IPA), or the
like. 
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When the pressing is further performed, the glass i s pressed and 

spread so as to have a uniform thickness around the  positions at 

which the molten glass gob and the molding surfaces  first 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 s pread in 

the above-mentioned pressing process.  The shear ma rk and its 

neighboring portion first come into contact with th e press-molding 

surface 6-1-a and are solidified so as to attach to  the molding 

surface 6-1-a, and hence the shear mark and its nei ghboring portion 

remain in the surface of the central portion of the  thin flat glass. 

 [0136] 

 FIG. 19 illustrates a state in which the distance between the 

press-molding surface 5-1-a and the press-molding s urface 6-1-a 

is matched to a distance corresponding to the thick ness of the glass 

blank by causing an abutting surface 5-1-a of the g uide 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 t he parallel state 

between the press-molding surface 5-1-a and the pre ss-molding 

surface 6-1-a.  The time taken from the start of pr essing illustrated 

in FIG. 17 until the mold closing illustrated in FI G. 19 is preferably 

controlled to 0.1 second or less for the purpose of  forming the 

molten glass gob into a thin flat glass. 

[0172]         Next, the glass which has undergone chemical strengthening and has been cleaned
sufficiently is subjected to second polishing. Amachining allowance removed by the second poll shing
s , for example, about 1 m. The purpose of the second polishing is to finish the main surfaces like
mirror surfaces. In the second polishing step, the disk-shaped glass is polished by using 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 of a polishing 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 with those in the first polishing step.
For example, in the second polishing step, a soft foamed resin polisher, for example, is used as the
polishingpad, and finer cerium oxide abrasive grains than the cerium oxide abrasive grains used in the
first polishing step, for example, are used as the polishing material. The disk-shaped glass polished in
the second polishing step is again cleaned. In the cleaning, a neutral detergent, pure 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 m 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 chemical
strengthening step can be arbitrarily arranged. For example, the order of the first polishing step, the
second polishing step, and the chemical strengthening step (hereinafter, referred to as "routing 1") will
do. Note that if the routing 1 is adopted, surface irregularities that may be produced by the chemical
strengthening step are not removed, and hence more preferred is the routing of the first polishing step,
the chemical strengthening step, and the second polishing step in the stated order. 
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 [0137] 

 In FIG. 20, a pressure that is sufficiently smalle r than the 

press pressure is applied to the press mold bodies 5-1 and 6-1 under 

a state in which the abutting surface 5-1-a and the  abutting surface 

6-1-a abut each other so that the press-molding sur faces 5-1-a and 

6-1-a are each closely attached to the main surface  of the thin 

flat glass.  If the press pressure is increased whi le this state 

is being kept, glass may break.  While this state i s being kept for 

several seconds, the thin flat glass is cooled. 

 [0138] 

 Next, as illustrated in FIG. 21, the press molds 5  and 6 are 

detached from each other to demold a thin flat glas s 4-B from the 

press-molding surface 6-1-a.  Then, as illustrated in FIG. 22, the 

thin flat glass 4-B is demolded from the press-mold ing surface 5-1-a 

and is taken out.  When the thin flat glass 4-B is demolded from 

the press-molding surface 5-1-a, if the thin flat g lass 4-B is demolded 

as if peeling it by applying 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-molding surface without applying a l arge force to 

the thin flat glass. 

 [0139] 

 The thin flat glass taken out is subjected to anne aling to 

reduce or remove strain, thereby providing a base m aterial to be 

processed into a magnetic recording medium substrat e, that is, a 

glass blank. The glass blank locally includes a she ar mark in the 

[0175] [Method of manufacturing magnetic recording medium]         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 are formed, thereby
manufacturing a magnetic recording medium substrate (a magnetic disk). For example, from the main
surface side of the substrate, an adherent layer, a soft magnetic layer, a non-magnetic undercoat
layer, a vertical magnetic recording layer, a protective layer, and a lubricant layer are laminated
sequentially . Theadherentlayer, in which, for example, a Cr alloy is used, functions as an adhesion
layer with a glas s substrate. In the s oft magnetic layer, for example, a CoIaZr alloy is used. In the
non-magnetic undercoat layer, for example, a non-magnetic granular layer is used. In the vertical
magnetic recording layer, for example, a magnetic granular layer is used. Further, in the protective
layer, a material made of hydrogen carbon is used, and in the lubricant layer, for example, a
fluorine-based resin is used. 
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center of its main surface.  Thus, a region includi ng 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 l ess than 

500 dPa ·s, it becomes difficult to separate the molten glas s gob 

in a necessary amount in a state in which a molten glass flow is 

falling in the air.  When the molten glass having a  viscosity of 

less than 500 dPa ·s at the time of outflow is used, it is recommended  

that a necessary amount of the molten glass for obt aining the molten 

glass gob be accumulated by supporting the lower en d of the molten 

glass flow below the glass outlet, the molten glass  gob be then 

separated, the molten glass gob be caused to fall b y applying a 

torque for turning, and pressing be started after t he position of 

a shear mark is adjusted so that the shear mark fac es one of the 

press-molding surfaces. 

 [0141] 

 By subjecting the molten glass gob that is falling  to 

press-molding, the viscosity distribution of the mo lten glass gob 

just before the start of the press-molding is made uniform, and 

the glass can be stretched more easily so as to hav e a uniform, 

small thickness.  When the inner diameter of the ce ntral hole formed 

in the substrate is small, the size of the shear ma rk is made smaller 

so that the shear mark is located in the range in w hich the central 

hole is formed. 

[0177]        More specifically, an inline-type sputtering apparatus is used to form sequentially, on both
main surfaces of a glass substrate, a CrIi adherent layer, a CoIaZr/Ru/CoIaZr soft magnetic layer, a
000rSi02 non-magnetic granular undercoat layer, a CoCrPt-Si02-Ii02 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> 
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 [0142] 

 Specifically, the cross-sectional shape of a falli ng molten 

glass flow is controlled so that the molten glass f low has an elongated 

shape in the horizontal cross section, that is, has  a cross-sectional 

shape with a major axis and a minor axis.  For exam ple, the 

cross-sectional shape of the molten glass flow is m ade elongated 

by modifying the shape of the glass outlet to an el ongated one, 

or the cross-sectional shape is made elongated by s andwiching the 

sides of the molten glass flow from two directions opposite to each 

other.  Then, the molten glass flow is cut in the m ajor axis direction 

by using shear blades.  Because the molten glass fl ow is sheared 

in the major axis direction, the shear mark can be made smaller.  

Thus, even in the case where the inner diameter of the central hole 

of a substrate is small, the shear mark can be loca lized in the 

area in which the central hole is formed.  As a tec hnique for making 

a shear mark smaller, a method involving cutting a molten glass 

flow by causing a pair of shear blades in which cut ting blades each 

have a V shape or a U shape to cross each other is also effective. 

 [0143] 

 According to the method described above, there can  be produced 

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

a flatness of 10 µm or less.  The preferred range of the flatness 

of the glass blank is 8 µm or less, the more preferred range is 

6 µm or less, and the still more preferred range is 4 µm or less. 

 [0144] 

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] (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, and
was 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 were each under
temperature control, and in the each tank and the glass effluent pipe, the temperature and viscosity of
the molten glass were each controlled in a predetermined range. The molten glass flowing out from the
glass effluent pipe was cast into a mold and molded into glass. The resultant glass was used as a
sample to measure its glass transition temperature and liquidus temperature. A method of measuring a
glass transition temperature and a method of measuring a liquidus temperature are mentioned below.
[0180] 
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 The method of manufacturing a glass blank in the s econd 

embodiment is suitable for producing a glass blank having a ratio 

of diameter to thickness (diameter/thickness) of 50  to 150.  Here, 

the diameter refers to an arithmetic average of the  major axis and 

minor axis of the glass blank.  The press molds do not regulate the 

outer peripheral surface of the glass blank, and he nce the outer 

peripheral surface is a free surface, and the circu larity of the 

glass blank that is molded is within ±0.5 mm. 

 [0145] 

 The diameter of the glass blank is not particularl y limited.  

The diameter is preferably set, as a target value, to a value obtained 

by adding, to the diameter of the substrate, the am ount of glass 

that is removed at the time of scribe processing an d outer peripheral 

processing which are carried out when the glass bla nk is processed 

into a magnetic recording medium substrate, as desc ribed below. 

 [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, flat ness, 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 properti es that are 

(1) Glass transition temperature Ig         The glass transition temperature Ig of each glass was
measured by using a thermomechanical analyzer (INA). (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.   
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required for a magnetic recording medium substrate.   Examples of 

the glass include alumino silicate glass, soda lime  glass, soda 

alumino silicate glass, and alumino borosilicate gl ass.  Further, 

these kinds of glass may be crystallized glass, whi ch is crystallized 

by heat treatment, and can be crystallized by heat treatment and 

then processed into a substrate. 

 [0148] 

 Glass used for a substrate of a magnetic recording  medium such 

as a magnetic disk desirably has chemical durabilit y, large rigidity, 

and a high thermal expansion coefficient.  Further,  when importance 

is given to enhancing bending strength, the glass i s required to 

have a composition that is suitable for undergoing chemical 

strengthening, and when high-temperature heat treat ment is carried 

out in a process of producing a magnetic recording medium, the glass 

is desired to have a composition that is suitable f or exhibiting 

good heat resistance. 

 [0149] 

 It is possible to give, as glass having chemical d 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 2O3; 

3 to 35% in total of Li 2O, Na 2O, and K 2O; 

0 to 35% in total of MgO, CaO, SrO, BaO, and ZnO; a nd 

0 to 15% in total of ZrO 2, TiO 2, La 2O3, Y 2O3, Ta 2O5, Nb 2O5, and HfO 2. 

[0182]         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 to the major axis of the glass outlet 12 with a pair of shear blades 30A
and 40 in which blade portions 34 and 44 each had a V shape. Further, press mold bodies 52 and 62
and guide members 54 and 64 both forming press molds 50 and 60, respectively, were 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 shear
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 carried out under a state in which a separation mark 24A faced a
molding surface. Then, after such conditions were set, press-molding was carried 
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 [0150] 

 Note that it is desirable to add Sn oxide and Ce o xide at a 

total content in terms of outer percentage of 0.1 t o 3.5 mass% in 

order to improve bubble removal at the time of fini ng.  In this case, 

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 c omponents are 

expressed in mol%, but the contents of Sn oxide and  Ce oxide are 

expressed in mass%. 

 [0151] 

 SiO 2, which is a component for forming a glass network,  is 

an essential component that functions so as to impr ove glass stability 

and chemical durability, in particular, acid resist ance.  When the 

content of SiO 2 is less than 50%, the above-mentioned functions ca nnot 

be sufficiently provided.  When the content of SiO 2 exceeds 75%, 

undissolved substances occurs in the glass or bubbl e removal becomes 

insufficient because the viscosity of the glass at the time of fining 

becomes too high.  Thus, the content of SiO 2 is preferably 50 to 

75%. 

 [0152] 

 Al 2O3 also contributes to forming a glass network, funct ions 

so as to improve glass stability and chemical durab ility, and also 

functions so as to increase an ion exchange rate at  the time of 

chemical strengthening.  When the content of Al 2O3 exceeds 15%, the 

out. Note that the time taken from the start of pressing as illustrated in FIG. 7 until a state in which the
guide surface 54A and the guide surface 6 4A completely came into contact as illustrated in FIG. 9
was controlled to 0.1 second or less, and press pressure was set to about 6.7 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 closely attached 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 follow the contract of the thin flat glass so that
the contact between the glass and the press-molding surfaces were maintained, the thin flat glass
were cooled. Next, the press pressure was released and the first press mold 50 and the second 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 glass 26, that is, a glass blank. [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 m or less, and the flatness was 4 m
or less. Note that the  above-mentioned measurement results yielded a diameter/thickness ratio of
83.3. [0186] 
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meltability of the glass lowers and undissolved sub stances are liable 

to occur.  Moreover, the thermal expansion coeffici ent may lowers 

and the Young's modulus also lowers.  Thus, the con tent of Al 2O3 

is preferably 0 to 15%. 

 [0153] 

 Li 2O, Na 2O, and K 2O 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.  Wh en the content 

of Li 2O, Na 2O, and K 2O is less than 3%, the above-mentioned functions 

are not sufficiently provided.  When the content ex ceeds 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 Li 2O, Na 2O, and K 2O is preferably 

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

of Li 2O, Na 2O, and K 2O, Li 2O has the greatest function 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, 

and also function so as to increase the thermal exp ansion coefficient 

and Young's modulus of the glass.  However, when th e total content 

of MgO, CaO, SrO, BaO, and ZnO exceeds 35%, chemica l durability 

or the thermal stability of the glass is lowered.  Accordingly, the 

total content of MgO, CaO, SrO, BaO, and ZnO is pre ferably 0 to 

In addition, the main surfaces of the each resultant glass blank were observed to find a shear mark in
the central portion of one of the main surfaces. The shear mark was localized in a circle with a radius
of 15 mm at the center of each glass blank, and it was found that the shear mark was able to be
removed completely when a central hole with an inner diameter of 20 mm was formed at the time of
manufacturing a magnetic recording medium substrate. Note that the resultant glass blank was
annealed to reduce or remove strain. [0187]         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 FIG 7. [0188] -Manufacture and
evaluation of magnetic recording medium substrate-          The glass blank manufactured was used to
apply scribe processing on a portion serving as an outer periphery of a magnetic recording medium
substrate and a portion serving as a central hole thereof. As a result of the processing, two grooves
looking like concentric circles were formed outside and inside. Next, by partially heating the portions in
which the scribe processing was applied, cracks were caused to occur along the each groove
produced by the scribe processing, by virtue of the difference in thermal expansion of glass, and 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 the processing
completely removed a shear mark. 
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35%.   

 [0155] 

 ZrO 2, TiO 2, La 2O3, Y 2O3, Ta 2O5, Nb 2O5, and HfO 2 each function 

so as to improve chemical durability, in particular , alkali 

resistance, improve heat resistance by enhancing a glass transition 

temperature, and enhance a Young's modulus and frac ture toughness.  

However, when the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Ta 2O5, 

Nb2O5, and HfO 2 exceeds 15%, the meltability of the glass is lower ed.  

As a result, an unmelted glass raw material remains  in the glass.  

Accordingly, the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Ta 2O5, Nb 2O5, 

and HfO 2 is preferably 0 to 15%.   

 [0156] 

 Composition ranges included in the above-mentioned  

composition range are given below.  Note that the c ontent and total 

content of glass components are expressed in mol%, unless otherwise 

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 2O3: 3 to 12%, 

the total content of Li 2O, Na 2O, and K 2O: 20 to 35% (preferably 23 

to 35%), 

the total content of MgO, CaO, SrO, BaO, and ZnO: 0  to 5%, and 

the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and 

[0189]         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 was carried out on the main
surfaces of the disk-shaped glass, the glass was immersed in a molten salt to perform chemical
strengthening. [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 m or less, and amain surface roughness of
0.2 nm or less. [0191] 
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HfO2 : 0 to 7%. 

 [0158] 

 Second glass, in which importance is given to chem ical 

durability, has a composition range of 

the content of SiO 2: 60 to 75%, 

the content of Al 2O3: 1 to 15%, 

the total content of Li 2O, Na 2O, and K 2O: 15 to 25%, 

the total content of MgO, CaO, SrO, BaO, and ZnO: 1  to 6%, and 

the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and 

HfO2 : 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 SiO 2: 50 to 70%, 

the content of Al 2O3: 1 to 8%, 

the total content of Li 2O, Na 2O, and K 2O: 12 to 22%, 

the total content of MgO, CaO, SrO, BaO, and ZnO: 1 0 to 20%, and 

the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and 

HfO2 : 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 2O3: 1 to 10%, 

the total content of Li 2O, Na 2O, and K 2O: 5 to 17% (in which the 

-Manufacture and evaluation of magnetic recording medium-         On both main surfaces of the
magnetic recording medium substrate manufactured, an inline-type sputtering apparatus was used to
form sequentially a CrIi adherent layer, a CoTaZr/Ru/CoTaZr s oft magnetic layer , a CoCrSi02
non-magnetic granular undercoat layer, a CoCrPt-Si02 Ii02 magnetic granular layer, and a
hydrogenated carbon protective layer, and then, a perfluoropolyether lubricant layer was formed on the
uppermost layer by a dip 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. [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 the glass blanks made of glass  No. 1 to
No. 6 shown in Table 1, the diameter was 75mm, the circularity was within 0 .5mm, the thickness was
0.90 mm, the thickness deviation was 10 m or less, and the flatness was 4 m or less. Note that the
above-mentioned measurement results yielded that the diameter/thickness ratio was 83.3. 
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content of LiO 2 is 0 to 5%, preferably 0 to 1%), 

the total content of MgO, CaO, SrO, BaO, and ZnO: 1 0 to 25%, and 

the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and 

HfO2 : 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 2: 50 to 75%, 

the content of Al 2O3: 0 to 5%, 

the total content of Li 2O, Na 2O, and K 2O: 3 to 15% (in which the 

content of LiO 2 is 0 to 1%), 

the total content of MgO, CaO, SrO, BaO, and ZnO: 1 4 to 35%, and 

the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and 

HfO2: 2 to 9%. 

 [0162] 

[Method of manufacturing magnetic recording medium substrate] 

 A method of manufacturing a magnetic recording med ium substrate 

in the second embodiment is characterized in that a  magnetic recording 

medium substrate is produced by at least going thro ugh 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 i n the central 

portion of the main surface. 

 [0163] 

[0193]         In addition, the resultant glass blank was observed to find a shear mark. The shear mark
was localized on the outer peripheral end surface and the main surface in the vicinity thereof, and it
was found that the shear mark was able to be removed completely when a central hole with an inner
diameter of 20 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 allowance of about 50 m at the
time of manufacturing a magnetic recording medium substrate, the shear mark was not able to be
removed completely. [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 
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 First, scribing is performed on a glass blank obta ined by 

press-molding.  Scribing refers to providing cuttin g lines 

(line-like flaws) like two concentric circles (an i nner concentric 

circle and an outer concentric circle) with a scrib er made of cemented 

carbide or formed of diamond particles on a surface  of a formed 

glass blank, in order to process the formed glass b lank into a ring 

shape having a predetermined size.  Note that a she ar mark remaining 

in the glass blank is localized inside the inner co ncentric circle.  

The glass blank having scribed thereon the two conc entric circles 

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

circle and the inside portion of the inner concentr ic circle are 

removed by virtue of the difference in thermal expa nsion of glass, 

thereby yielding a disk-shaped glass having a perfe ct circle shape.  

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] 

 The roughness of the main surface of the glass bla nk is 1 µm 

or less, and hence cutting lines can be suitably pr ovided by using 

a scriber.  Note that, in the case where the roughn ess of the main 

surface of the glass blank exceeds 1 µm, a scriber does not follow 

the irregularities of the surface and cutting lines  cannot be provided 

uniformly.  Accordingly, after the main surface of the glass blank 

is made smooth, scribing is performed. 

 [0165] 

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 state in which the movement direction of a
pair of shear blades and the movement direction of a pair of press molds were significantly
differentiated from each other instead of a substantially parallel state. 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. [0196]         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. Thus, the shear mark was not able to be removed by carrying
out only a central hole-forming step. [0198] 
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 Next, the scribed glass undergoes shape processing .  The shape 

processing includes chamfering (chamfering of an ou ter peripheral 

end portion and an inner peripheral end portion).  In the chamfering, 

the outer peripheral end portion and inner peripher al end portion 

of the ring-shaped glass are chamfered with a diamo nd 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 used a slurry 

including fine particles of cerium oxide or the lik e as free abrasive 

grains.  The end surface polishing removes contamin ation caused by 

attachment of dust or the like and impair such as d amage or flaws 

on or in the end surfaces of the glass.  As a resul t, precipitation 

of ions of sodium, potassium, and the like causing corrosion can 

be prevented from occurring.  Next, first polishing  is carried out 

on the main surfaces of the disk-shaped glass.  The  purpose of the 

first polishing is to remove flaws and strain remai ning in the main 

surfaces. 

 [0167] 

 A machining allowance removed by the first polishi ng is, for 

example, several µm to about 10 µm.  A grinding step removing a large 

machining allowance is not required, and hence a fl aw, strain, or 

the like due to the grinding step is not generated in the glass.  

Accordingly, the machining allowance in the first p olishing step 

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 under a state in which a separation mark did not face a molding surface at all. [0199]
(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]         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 under a state in which a separation mark did not face a molding
surface at all. 
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is small.  In the first polishing step and the seco nd polishing step 

described below, a double-side polishing apparatus is used.  The 

double-side polishing apparatus is an apparatus for  carrying out 

polishing with polishing pads by relatively moving a disk-shaped 

glass and the polishing pads. 

 [0168] 

 The double-side polishing apparatus includes a pol ishing 

carrier fitting portion having an internal gear and  a sun gear which 

are each rotationally driven at a predetermined rot ation rate and 

also includes an upper surface plate and a lower su rface plate which 

are rotationally driven in opposite directions to e ach other with 

the polishing carrier fitting portion being sandwic hed by both the 

plates.  On each surface facing a disk-shaped glass  of the upper 

surface plate and lower surface plate, the polishin g pads described 

below are attached.  Each polishing carrier fitted so as to be engaged 

with each of the internal gear and the sun gear per forms a planetary 

gear motion, that is, revolves around the sun gear while spinning. 

 [0169] 

 The each polishing carrier holds a plurality of di sk-shaped 

glasses.  The upper surface plate is movable in the  vertical direction 

and presses each polishing pad onto the front and b ack main surfaces 

of each disk-shaped glass.  Then, while a slurry (p olishing liquid) 

containing polishing abrasive grains (polishing mat erial) is being 

supplied, the disk-shaped glass and the polishing p ad move relatively 

owning to the planetary gear motion of the polishin g carrier and 

[0201] (Example 2)         Each glass blank was manufactured in the same manner as that in Example 1
except that the shape of the aperture of a glass outlet  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 completely by carrying out a lapping step.
Note that the grinding amount in the lapping step was as very small as 30 m compared with 50 m in
Comparative Example 1. [0202]         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 confirmed that the molten glass gob 24 turned by 90 during falling, and a 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 shear blades 30A and 40 contacted a molding surface 62A earlier than any
of the portions of the surface of the molten glass gob 24 at the time of the start of press-molding
exemplified in FIG. 7. 
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the phenomenon that the upper surface plate and the  lower surface 

plate rotate in opposite directions to each other.  As a result, 

the front and back main surfaces of each disk-shape d glass is polished.  

Note that, in the first polishing step, a hard resi n polisher, for 

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.  It is possibl e to use, as a 

the chemical strengthening solution, for example, a  mixed solution 

of potassium nitrate (60%) and sodium nitrate (40%) .  In the chemical 

strengthening, the chemical strengthening solution is heated to, 

for example, 300°C to 400°C, and a cleaned glass is  pre-heated to, 

for example, 200°C to 300°C and then immersed in th e 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 holder so as to be he ld by their end 

surfaces so that both main surfaces of each of the glasses entirely 

undergo chemical strengthening. 

 [0171] 

 Each glass is immersed in the chemical strengtheni ng solution, 

as described above, and as a result, lithium ions a nd sodium ions 

in the surface layers of the glass are substituted by sodium ions 

and potassium ions each having a relatively large i on radius in 

the chemical strengthening solution, respectively, forming a 

[0203] <Examples of second aspect of present invention> Hereinafter, 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 examples. [0204] (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 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 were each under temperature control, and the temperature and viscosity of the
glass are each kept in an optimal state in each step. The molten glass flowing out from the glass
effluent pipe was cast into a mold. The resultant glass was used as a sample to measure its glass
transition temperature and liguidus temperature. A method of measuring a glass transition temperature
and a method of measuring a liguidus temperature are mentioned below. [0205] 
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compressive stress layer with a thickness of about 50 to 200 µm.  

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 

cleaned with sulfuric acid and then cleaned with pu re water, isopropyl 

alcohol (IPA), or the like. 

 [0172] 

 Next, the glass which has undergone chemical stren gthening 

and has been cleaned sufficiently is subjected to s econd polishing.  

A machining allowance removed by the second polishi ng is, for example, 

about 1 µm.  The purpose of the second polishing is to finis h the 

main surfaces like mirror surfaces.  In the second polishing step, 

the disk-shaped glass is polished by using a double -side polishing 

apparatus as in the first polishing step, but the c omposition of 

polishing abrasive grains contained in a polishing liquid (slurry) 

to be used and the composition of a polishing pad a re different 

from those in the first one.  In the second polishi ng step, there 

are used polishing abrasive grains each having a sm aller diameter 

and a softer polishing pad compared with those in t he first polishing 

step.  For example, in the second polishing step, a  soft foamed resin 

polisher, for example, is used as the polishing pad , and finer cerium 

oxide abrasive grains than the cerium oxide abrasiv e grains used 

in the first polishing step, for example, are used as the polishing 

material.  The disk-shaped glass polished in the se cond polishing 

step is again cleaned.  In the cleaning, a neutral detergent, pure 

(1)Glass transition temperature Ig The glass transition temperature Ig of each glass was measured by
using a thermomechanical analyzer (TMA). (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 are not observed was defined
as a liquidus temperature (L. I.).         Table 2 shows the glass transition temperature and liquidus
temperature of each glass.  
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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 µm or less and a roughness 

in main surface of 0.2 nm or less.  After that, var ious layers such 

as a magnetic layer are formed on the glass substra te for a magnetic 

disk, and a magnetic disk is manufactured. 

 [0174] 

 Note that the chemical strengthening step is carri ed out 

between the first polishing step and the second pol ishing step, 

and the order of these steps is not limited to this  order.  As long 

as the second polishing step is carried out after t he first polishing 

step, the chemical strengthening step can be arbitr arily arranged.  

For example, the order of the first polishing step,  the second 

polishing step, and the chemical strengthening step  (hereinafter, 

referred to as "routing 1") will do.  Note that if the routing 1 

is adopted, surface irregularities that may be prod uced by the 

chemical strengthening step are not removed, and he nce more preferred 

is the routing of the first polishing step, the che mical strengthening 

step, and the second polishing step in the stated o rder. 

 [0175] 

[Method of manufacturing magnetic recording medium]  

 A method of manufacturing a magnetic recording med ium in the 

second embodiment is characterized in that a magnet ic recording 

medium is produced by at least going through a magn etic recording 

[0207]         The each glass was used and each glass blank was manufactured sequentially. The each
glass blank was manufactured by the method illustrated in FIG. 13 to FIG. 22. In this case, the
viscosity of a molten glass flow was adjusted so as to be constant in the range of 500 to 1,050 dPa-s.
[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] 



 99

layer-forming step of forming a magnetic recording layer on a magnetic 

recording medium substrate manufactured by the meth od 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 ar e formed, thereby 

manufacturing a magnetic recording medium substrate  (a magnetic 

disk).  For example, from the main surface side of the substrate, 

an adherent layer, a soft magnetic layer, a non-mag netic undercoat 

layer, a vertical magnetic recording layer, a prote ctive layer, 

and a lubricant layer are laminated sequentially.  The adherent layer, 

in which, for example, a Cr alloy is used, function s as an adhesion 

layer with a glass substrate.  In the soft magnetic  layer, for example, 

a CoTaZr alloy is used.  In the 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 , for example, 

a fluorine-based resin is used. 

 [0177] 

 More specifically, an inline-type sputtering appar atus is used 

to form sequentially, on both main surfaces of a gl ass substrate, 

a CrTi adherent layer, a CoTaZr/Ru/CoTaZr soft magn etic layer, a 

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 started be pressed was
controlled to 200mm or less. The time required from the start of press until mold closing was controlled
to 0.1 second or less and press pressure was set to about 6.7 MPa. Subsequently, the 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 the press molds were
detached from each other, to thereby release and take out a glass blank. Note that, in the
above-mentioned series of steps, temperature rise may be suppressed by cooling the press molds by
using a cooling medium. [0210]         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 , the diameter was 75 mm, the circularity was within 0.5 mm,
the thickness was 0.90 mm, the thickness deviation was 10 m or less, and the flatness was 4 m or
less. Note that the diameter/thickness ratio is determined to be 83.3 based on the above-mentioned
measurement results. [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] 
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CoCrSiO 2 non-magnetic granular undercoat layer, a CoCrPt-Si O2·TiO 2 

magnetic granular layer, and a hydrogenated carbon protective layer.  

Besides, a perfluoropolyether lubricant layer is fo rmed on the formed 

uppermost layer by a dip method, yielding a magneti c recording medium 

(magnetic disk). 

 

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 

of the present invention is not limited to the foll owing examples. 

 [0179] 

(Example 1) 

-Manufacture and evaluation of glass blank- 

 Materials such as oxides, carbonates, nitrates, an d hydroxides 

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 

glass melting furnace, was heated, and was melt.  T he resultant molten 

glass was transferred from the melting tank to a fi ning tank, and 

bubbles were removed in the fining tank.  Further, the molten glass 

was transferred to an operation tank, was stirred a nd homogenized 

in the operation tank, and was caused to flow out f rom a glass effluent 

pipe provided in the bottom portion of the operatio n tank.  The 

(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 a portion serving as a central
hole thereof. As a result of the processing, two grooves looking like concentric circle s are formed out s
ide and ins ide . Next, bypartially heating the portions in which the scribe processing was applied,
cracks were caused to occur along the each groove produced by the scribe processing, by virtue of
the difference in thermal expansion of glass, and the outside portion and inside portion of the outer
concentric circle are removed. As a result, a disk-shaped glass having a perfect circle shape and a
ring shape is obtained, and the processing completely removes a trace of a shear mark. [0213]
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 sufficiently 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 diameter of 65 mm, a central hole diameter of 20 mm, a thickness of 0.8 mm, a main surface
flatness of 4 m or less, and a main surface roughness of 0.2 nm or less. Thus, a magnetic recording
medium substrate having a desired shape was able to be obtained without carrying out the lapping
step. 



 101

melting tank, the fining tank, the operation tank, and the glass 

effluent pipe were each under temperature control, and in the each 

tank and the glass effluent pipe, the temperature a nd viscosity 

of the molten glass were each controlled in a prede termined range.  

The molten glass flowing out from the glass effluen t pipe was cast 

into a mold and molded into glass.  The resultant g lass was used 

as a sample to measure its glass transition tempera ture and liquidus 

temperature.  A method of measuring a glass transit ion temperature 

and a method of measuring a liquidus temperature ar e mentioned below. 

 [0180] 

(1) Glass transition temperature Tg 

 The glass transition temperature Tg of each glass was measured 

by using a thermomechanical analyzer (TMA). 

(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 pr esence or absence 

of crystal precipitation was observed with a micros cope.  The lowest 

temperature at which crystals were not observed was  defined as a 

liquidus temperature (L. T.). 

 Table 1 shows the glass transition temperature and  liquidus 

temperature of each glass. 

[0215] (Example 3)         On both main surfaces of the magnetic recording medium substrate (glass
substrate for magnetic disk) manufactured in Example 2, an inline-type sputtering apparatus was used
to form sequentially a Orli adherent layer, a CoTaZr/Ru/CoTaZr soft magnetic layer, a CoCrSi02
non-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
uppermost layer by a dip 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.  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 
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 [0181] 

 [Table 1] 

  No.1 No.2 No.3 No.4 No.5 No.6 

Glass 
composition  

SiO 2 66 68 61 64 66 64 

Al 2O3 9 9 2 5 0.5 5 

Li 2O 12 8 14 4 0 1.5 

Na2O 10 11 5 6 3 8.5 

 K 2O 0 0.2 0 1 6 0 

 Li 2O+Na2O+K2O 22 19.2 19 11 9 10 

 MgO 0 1 0 0 6.5 4 

 CaO 0 1.8 13 13 13 13 

 SrO 0 0 0 0 0 0 

 BaO 0 0 0 3 0 0 

 ZnO 0 0 0 0 0 0 

 MgO+CaO+SrO+BaO+ZnO 0 2.8 13 16 19.5 17 

 ZrO 2 3 1 5 4 5 4 

 TiO 2 0 0 0 0 0 0 

 La 2O3 0 0 0 0 0 0 

 Y 2O3 0 0 0 0 0 0 

 Yb 2O3 0 0 0 0 0 0 

 Ta 2O5 0 0 0 0 0 0 

 Nb 2O5 0 0 0 0 0 0 

 HfO 2 0 0 0 0 0 0 

 ZrO 2+TiO 2+La2O3+Y2O3+ 
Ta2O5+Nb2O5+HfO2 

3 1 5 4 5 4 

 Total (mol%) 100 100 100 100 100 100 

 SnO 2 (mass%, outer 
percentage) 

0.6  0.6  0.6  0.6  0.6  0.6 

 CeO2 (mass%, outer 
percentage) 

0.4  0.4  0.4  0.4  0.4  0.4 

 SnO 2+CeO2 
(mass%, outer percentage)  

1.0  1.0  1.0  1.0  1.0  1.0 

 SnO 2/(SnO 2+CeO2) 
(mass ratio) 

0.6 0.6 0.6 0.6 0.6 0.6 

Properties Viscosity (dPa ·s) of glass 
at 1250°C 

650 1000 50 850 1050 1000 

Liquidus temperature (°C)  840 920 1000 1080 1180 1210 

Glass transition 
temperature (°C) 

500 505 535 665 700 633 

 

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
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 the separation mark faces the at least one
molding surface; and         one sheet of the glass blank is used for production of one sheet of a
magnetic recording medium substrate having a central hole.  [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 a molten glass flow flowing out continuously toward a vertical
downward direction; and 
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 [0182] 

 Glass having each of the glass compositions and pr operties 

shown in Table 1 was used and each glass blank was manufactured 

sequentially.  The each glass blank was manufacture d by the method 

illustrated in FIG. 1 to FIG. 11.  In this 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] 

 An elliptical shape having a major axis of 28 mm a nd a minor 

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 a falling molten glass flow 20 in the dire ction parallel 

to the major axis of the glass outlet 12 with a pai r of shear blades 

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 

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 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 direction perpendicular to a central axis of the glass 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 contact with at least one molding surface
selected from the molding surface of the first press mold and the molding surface of the second press
mold facing a separation mark, which is formed on an upper surface of the molten glass gob during the
separating of the forward end portion of the molten glas s flow, under a state in which the separation
mark faces the at least one molding surface. [Claim 3] A method of manufacturing a glass blank
according to claim 2, wherein: 
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out.  Note that the time taken from the start of pr essing as 

illustrated in FIG. 7 until a state in which the gu ide surface 54A 

and the guide surface 64A completely came into cont act as illustrated 

in FIG. 9 was controlled to 0.1 second or less, and  press pressure 

was set to about 6.7 MPa.  Next, while the state il lustrated in FIG. 

9 was being maintained, the press pressure was redu ced, and while 

a state in which the molding surfaces 52A and 62A w ere closely attached 

to a thin flat glass 26 was being kept, the thin fl at glass 26 was 

cooled for several seconds.  Although the thin flat  glass  

contracted in the cooling process, while the press molds were caused 

to follow the contract of the thin flat glass so th at the contact 

between the glass and the press-molding surfaces we re maintained, 

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

released and the first press mold 50 and the second  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 sured by using 

a three-dimensional measuring machine and a microme ter.  As a result, 

in any of the glass blanks made of glass No. 1 to N o. 6 shown in 

Table 1, the diameter was 75 mm, the circularity wa s within ±0.5 

mm, the thickness was 0.90 mm, the thickness deviat ion was 10 µm 

or less, and the flatness was 4 µm or less.  Note that the 

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 direction of the cross-section near the forward end portion of the molten glass
flow and from a direction opposite each other and crossing a vertical direction.  [Claim 4] Amethod of
manufacturing a glass blank according to claim 2 or 3, wherein:         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  
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above-mentioned measurement results yielded a diame ter/thickness 

ratio of 83.3. 

 [0186] 

 In addition, the main surfaces of the each resulta nt glass 

blank were observed to find a shear mark in the cen tral portion 

of one of the main surfaces.  The shear mark was lo calized in a circle 

with a radius of 15 mm at the center of each glass blank, 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.  

Note that the resultant glass blank was annealed to  reduce or remove 

strain. 

 [0187] 

 Note that a high-speed camera was used to take ima ges of the 

process from the end of the formation of the molten  glass gob 24 

until the completion of the press-molding.  As a re sult, it was 

confirmed that the molten glass gob 24 turned by 90 ° during falling, 

and the separation mark 24A which had been position ed in an upper 

surface of the molten glass gob 24 immediately afte r its separation 

with a pair of the shear blades 30A and 40 was brou ght into contact 

with the molding surface 62A earlier than any of th e portions in 

the surface of the molten glass gob 24 at the time of the start 

of press-molding exemplified in FIG 7. 

 [0188] 

—Manufacture and evaluation of magnetic recording m edium substrate— 

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 on the surface of the molten glass gob just before carrying out the press-molding, is positioned
on a straight line connecting a central point of the molten glass gob to any one molding surface
selected from the molding surface of the first press mold and the molding surface of the second press
mold in a shortest distance.  [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 
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 The glass blank manufactured was used to apply scr ibe 

processing on a portion serving as an outer periphe ry of a magnetic 

recording medium substrate and a portion serving as  a central hole 

thereof.  As a result of the processing, two groove s looking like 

concentric circles were formed outside and inside.  Next, by 

partially heating the portions in which the scribe processing was 

applied, cracks were caused to occur along the each  groove produced 

by the scribe processing, by virtue of the differen ce in thermal 

expansion of glass, and the outside portion and ins ide portion of 

the outer concentric circle were removed.  As a res ult, a disk-shaped 

glass having a perfect circle shape and a ring shap e was obtained, 

and the processing completely removed a shear mark.  

 [0189] 

 Next, shape processing was applied to the disk-sha ped glass 

by using chamfering or the like and its end surface s were polished.  

Then, after a first polishing was carried out on th e main surfaces 

of the disk-shaped glass, the glass was immersed in  a molten salt 

to perform chemical strengthening. 

 [0190] 

 After the chemical strengthening, the disk-shaped glass was 

sufficiently cleaned and then subjected to a second  polishing.  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 oute r diameter of 

65 mm, a central hole diameter of 20 mm, a thicknes s of 0.8 mm, 

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, 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 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: 
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a main surface flatness of 4 µm or less, and a main surface roughness 

of 0.2 nm or less. 

 [0191] 

—Manufacture 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 

used to form sequentially a CrTi adherent layer, a CoTaZr/Ru/CoTaZr 

soft magnetic layer, a CoCrSiO 2 non-magnetic granular undercoat layer, 

a CoCrPt-SiO 2·TiO 2 magnetic granular layer, and a hydrogenated carbon  

protective layer, and then, a perfluoropolyether lu bricant layer 

was formed on the uppermost layer by a dip method, yielding a magnetic 

recording medium (magnetic disk).  The thus obtaine d magnetic disk 

was incorporated into a hard disk drive, and its mo vement was checked 

to find that the magnetic disk had desired performa nce. 

 [0192] 

(Comparative Example 1) 

 Each glass blank was manufactured in the same mann er as that 

in Example 1 except that two strike-type blades for  cutting molten 

glass by striking their tips to each other were use d to separate 

a molten glass gob.  Note that the above-mentioned strike-type shear 

blade does not include such a pressing member as pr ovided in the 

shear blade used in Example 1.  The diameter, circu larity, thickness, 

thickness deviation, and flatness of each resultant  glass blank 

were measured by using a three-dimensional measurin g machine and 

a micrometer.  As a result, in any of the glass bla nks made of glass 

forming a central hole at a central portion of a main surface of the glass blank; and polishing the main
surface, 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 the separation mark faces the at least one molding surface.  [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 
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No. 1 to No. 6 shown in Table 1, the diameter was 7 5 mm, the circularity 

was within ±0.5 mm, the thickness was 0.90 mm, the thickness deviation 

was 10 µm or less, and the flatness was 4 µm or less.  Note that 

the above-mentioned measurement results yielded tha t the 

diameter/thickness ratio was 83.3. 

 [0193] 

 In addition, the resultant glass blank was observe d to find 

a shear mark.  The shear mark was localized on the outer peripheral 

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.  

In addition, unless a lapping step was carried out based on a grinding 

allowance of about 50 µm at the time of manufacturing a magnetic 

recording medium substrate, the shear mark was not able to be removed 

completely. 

 [0194] 

 Note that a high-speed camera was used to take ima ges of the 

process from the end of the formation of a molten g lass gob 24 until 

the completion of press-molding.  As a result, it w as found that 

the molten glass gob 24 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-ty pe shear 

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:                forming a central hole at a central portion of a main surface of
the glass blank; and 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, 



 109

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 state in which the movement di rection of a 

pair of shear blades and the movement direction of a pair of press 

molds were significantly differentiated from each o ther instead 

of a substantially parallel state.  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 gl ass blank.  Thus, 

the shear mark was not able to be removed by carryi ng out only a 

central hole-forming step. 

 [0196] 

 Note that a high-speed camera was used to take ima ges of the 

process from the end of the formation of a molten g lass gob 24 until 

the completion of press-molding.  As a result, it w as 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 mann er as that 

in Example 1 except that the falling distance was c hanged to 100 

mm.  The surface of each resultant glass blank was observed to find 

that a shear mark was formed in a peripheral portio n away from the 

center of the glass blank.  Thus, the shear mark wa s not able to 

be removed by carrying out only a central hole-form ing step. 

 [0198] 

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 the separation mark faces the at least one molding surface. 
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 Note that a high-speed camera was used to take ima ges of the 

process from the end of the formation of a molten g lass gob 24 until 

the completion of press-molding.  As a result, it w as found that 

press started under a state in which a separation m ark did not face 

a molding surface at all. 

 [0199] 

(Comparative Example 4) 

 Each glass blank was manufactured in the same mann er as that 

in Example 1 except that the driving timing of shea r blades 30A 

and 40 and the driving timing of press molds 50 and  60 were 

differentiated from each other.  The surface of eac h resultant glass 

blank was observed to find that a shear mark was fo rmed in a peripheral 

portion away from the center of the glass blank.  T hus, the shear 

mark was not able to be removed by carrying out onl y a central 

hole-forming step. 

 [0200] 

 Note that a high-speed camera was used to take ima ges of the 

process from the end of the formation of a molten g lass gob 24 until 

the completion of press-molding.  As a result, it w as found that 

press started under a state in which a separation m ark did not face 

a molding surface at all. 

 [0201] 

(Example 2) 

 Each glass blank was manufactured in the same mann er as that 

in Example 1 except that the shape of the aperture of a glass outlet 
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12 was changed to a slightly larger one compared wi th 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 obs erved 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 a rea of the central 

hole formed in a central hole-forming step.  Thus, the shear mark 

was not able to be removed completely by carrying o ut only the central 

hole-forming step.  However, the shear mark was abl e to be removed 

completely by carrying out a lapping step.  Note th at the grinding 

amount in the lapping step was as very small as 30 µm compared with 

50 µm in Comparative Example 1. 

 [0202] 

 Note that a high-speed camera was used to take ima ges of the 

process from the end of the formation of a molten g lass gob 24 until 

the completion of press-molding.  As a result, it w as confirmed that 

the molten glass gob 24 turned by 90° during fallin g, and a separation 

mark 24A which had been positioned in an upper surf ace of the molten 

glass gob 24 immediately after its separation with a pair of shear 

blades 30A and 40 contacted a molding surface 62A e arlier than any 

of the portions of the surface of the molten glass gob 24 at the 

time of the start of press-molding exemplified in F IG. 7. 

 [0203] 

<Examples of second aspect of present invention> 

 Hereinafter, the second aspect of the present inve ntion is 
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described in more details based on examples, but th e second aspect 

of the present invention is not limited to the foll owing examples. 

 [0204] 

(Example 1) 

 Materials such as oxides, carbonates, nitrates, an d hydroxides 

were weighed and mixed enough, yielding each blende d material, so 

that glass having each of the compositions listed i n Table 2 is 

obtained.  The blended material was fed into a melt ing tank in a 

glass melting furnace, was heated, and was melt.  T he resultant molten 

glass was transferred from the melting tank to a fi ning tank, and 

bubbles were removed in the fining tank.  Further, the molten glass 

was transferred to an operation tank, was stirred a nd homogenized 

in the operation tank, and was caused to flow out f rom a glass effluent 

pipe provided in the bottom portion of the operatio n tank.  The 

melting tank, the fining tank, the operation tank, and the glass 

effluent pipe were each under temperature control, and the 

temperature and viscosity of the glass are each kep t in an optimal 

state in each step.  The molten glass flowing out f rom the glass 

effluent pipe was cast into a mold.  The resultant glass was used 

as a sample to measure its glass transition tempera ture and liquidus 

temperature.  A method of measuring a glass transit ion temperature 

and a method of measuring a liquidus temperature ar e mentioned below. 

 [0205] 

(1) Glass transition temperature Tg 

 The glass transition temperature Tg of each glass was measured 
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by using a thermomechanical analyzer (TMA). 

(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 pr esence or absence 

of crystal precipitation was observed with a micros cope.  The lowest 

temperature at which crystals are not observed was defined as a 

liquidus temperature (L. T.). 

 Table 2 shows the glass transition temperature and  liquidus 

temperature of each glass. 
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 [0206] 

 [Table 2] 

  No.1 No.2 No.3 No.4 No.5 No.6 

Glass 
composition  

SiO 2 66 68 61 64 66 64 

Al 2O3 9 9 2 5 0.5 5 

Li 2O 12 8 14 4 0 1.5 

Na2O 10 11 5 6 3 8.5 

 K 2O 0 0.2 0 1 6 0 

 Li 2O+Na2O+K2O 22 19.2 19 11 9 10 

 MgO 0 1 0 0 6.5 4 

 CaO 0 1.8 13 13 13 13 

 SrO 0 0 0 0 0 0 

 BaO 0 0 0 3 0 0 

 ZnO 0 0 0 0 0 0 

 MgO+CaO+SrO+BaO+ZnO 0 2.8 13 16 19.5 17 

 ZrO 2 3 1 5 4 5 4 

 TiO 2 0 0 0 0 0 0 

 La 2O3 0 0 0 0 0 0 

 Y 2O3 0 0 0 0 0 0 

 Yb 2O3 0 0 0 0 0 0 

 Ta 2O5 0 0 0 0 0 0 

 Nb 2O5 0 0 0 0 0 0 

 HfO 2 0 0 0 0 0 0 

 ZrO 2+TiO 2+La2O3+Y2O3+ 
Ta2O5+Nb2O5+HfO2 

3 1 5 4 5 4 

 Total (mol%) 100 100 100 100 100 100 

 SnO 2 (mass%, outer 
percentage) 

0.6  0.6  0.6  0.6  0.6  0.6 

 CeO2 (mass%, outer 
percentage) 

0.4  0.4  0.4  0.4  0.4  0.4 

 SnO 2+CeO2 
(mass%, outer percentage)  

1.0  1.0  1.0  1.0  1.0  1.0 

 SnO 2/(SnO 2+CeO2) 
(mass ratio) 

0.6 0.6 0.6 0.6 0.6 0.6 

Properties Viscosity (dPa ·s) of glass 
at 1250°C 

650 1000 50 850 1050 1000 

Liquidus temperature (°C)  840 920 1000 1080 1180 1210 

Glass transition 
temperature (°C) 

500 505 535 665 700 633 
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 [0207] 

 The each glass was used and each glass blank was m anufactured 

sequentially.  The each glass blank was manufacture d by the method 

illustrated in FIG. 13 to FIG. 22.  In this case, t he viscosity of 

a molten glass flow was adjusted so as to be consta nt in the range 

of 500 to 1,050 dPa ·s. 

 [0208] 

 An elliptical shape having a major axis of 28 mm a nd a minor 

axis of 8 mm was adopted as the shape of a glass ou tlet.  Cutting 

of the molten glass flow was performed by shearing a falling molten 

glass flow in the direction parallel to the major a xis of the glass 

outlet with a pair of V-shaped shear blades.  Furth er, press mold 

bodies 5-1 and 6-1 and guide members 5-1 and 6-1 we re made of cast 

iron (FCD). 

 [0209] 

 The height of each press mold was adjusted so that  the falling 

distance from the position at which the molten glas s gob was separated 

to the position at which the molten glass gob start ed be pressed 

was controlled to 200 mm or less.  The time require d from the start 

of press until mold closing was controlled to 0.1 s econd or less 

and press pressure was set to about 6.7 MPa.  Subse quently, the 

pressure was reduced, and while both the press-mold ing surfaces 

were closely attached to glass, the glass was coole d for several 

seconds.  Next, the press pressure was released and  the press molds 

were detached from each other, to thereby release a nd take out a 
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glass blank.  Note that, in the above-mentioned ser ies of steps, 

temperature rise may be suppressed by cooling the p ress molds by 

using a cooling medium. 

 [0210] 

 The diameter, circularity, thickness, thickness de viation, 

and flatness of each resultant glass blank were mea sured by using 

a three-dimensional measuring machine and a microme ter.  As a result, 

the diameter was 75 mm, the circularity was within ±0.5 mm, the 

thickness was 0.90 mm, the thickness deviation was 10 µm or less, 

and the flatness was 4 µm or less.  Note that the diameter/thickness 

ratio is determined to be 83.3 based on the above-m entioned 

measurement results. 

 [0211] 

 The main surfaces of the each resultant glass blan k were 

observed to find a trace of a shear mark in the cen tral portion 

of one of the main surfaces.  The shear mark is loc alized in a circle 

with a radius of 5 mm at the center of each glass b lank, and the 

shear mark is removed completely when a central hol e with an inner 

diameter of 20 mm was formed.  The glass blank is a nnealed 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 a portion serving as a central hole 
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thereof.  As a result of the processing, two groove s looking like 

concentric circles are formed outside and inside.  Next, by partially 

heating the portions in which the scribe processing  was applied, 

cracks were caused to occur along the each groove p roduced by the 

scribe processing, by virtue of the difference in t hermal expansion 

of glass, and the outside portion and inside portio n of the outer 

concentric circle are removed.  As a result, a disk -shaped glass 

having a perfect circle shape and a ring shape is o btained, and 

the processing completely removes a trace of a shea r mark. 

 [0213] 

 Next, shape processing was applied to the disk-sha ped glass 

by using chamfering or the like and its end surface s 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 strength ening. 

 [0214] 

 After the chemical strengthening, the glass was su fficiently 

cleaned and then subjected to a second polishing.  After the second 

polishing process, the disk-shaped glass was cleane d again and a 

glass substrate for a magnetic disk was manufacture d.  The substrate 

had an outer diameter of 65 mm, a central hole diam eter of 20 mm, 

a thickness of 0.8 mm, a main surface flatness of 4  µm or less, 

and a main surface roughness of 0.2 nm or less.  Th us, a magnetic 

recording medium substrate having a desired shape w as able to be 

obtained without carrying out the lapping step.   
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 [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 

sequentially a CrTi adherent layer, a CoTaZr/Ru/CoT aZr soft magnetic 

layer, a CoCrSiO 2 non-magnetic granular undercoat layer, a 

CoCrPt-SiO 2·TiO 2 magnetic granular layer, and a hydrogenated carbon  

protective layer, and then, a perfluoropolyether lu bricant layer 

was formed on the uppermost layer by a dip method, yielding a magnetic 

recording medium (magnetic disk).  The thus obtaine d magnetic disk 

was incorporated into a hard disk drive, and its mo vement was checked 

to find that the magnetic disk had desired performa nce. 
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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; an d 

 after the forming of the molten glass gob, press-m olding the 

molten glass gob dropping down with a first press m old and a second 

press mold arranged facing each other in a directio n crossing a 

direction in which the molten glass gob drops down,  

 wherein: 

 the press-molding is carried out so that the molte n glass gob 

is brought into contact with at least one molding s urface 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 sep arating of the 

forward end portion of the molten glass flow, under  a state in which 

the separation mark faces the at least one molding surface; and 

 one sheet of the glass blank is used for productio n of one 

sheet of a magnetic recording medium substrate havi ng a central 

hole. 

 

[Claim 2] A method of manufacturing a glass blank a ccording to claim 

1, 

 wherein: 
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 the forming of the molten glass gob is carried out  by separating 

a forward end portion of a molten glass flow flowin g out continuously 

toward a vertical downward direction; and 

 the press-molding includes carrying out applying a n external 

force to at least one glass material to be press-mo lded 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) the molten glass gob dropping down in a perio d 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 t hat a vector 

sum of forces acting in a direction perpendicular t o a central axis 

of the glass material to be press-molded parallel t o the vertical 

direction substantially exceeds 0, in order to rota te the molten 

glass gob so that the molten glass gob can be broug ht into contact 

with at least one molding surface selected from the  molding surface 

of the first press mold and the molding surface of the second press 

mold facing a separation mark, which is formed on a n upper surface 

of the molten glass gob during the separating of th e forward end 

portion of the molten glass flow, under a state in which the separation 

mark faces the at least one molding surface. 

 

[Claim 3] A method of manufacturing a glass blank a ccording to claim 
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2, 

 wherein: 

 a cross-section near the forward end portion of th e molten 

glass flow in a plane surface perpendicular to a di rection in which 

the molten glass flow drops down has a substantiall y elliptical 

shape having a major axis and a minor axis; and 

 the separating of the forward end portion of the m olten glass 

flow is carried out by allowing a pair of shear bla des to penetrate 

the molten glass flow from a direction substantiall y perpendicular 

to the direction in which the molten glass flow dro ps down and 

substantially identical to a major axis direction o f the 

cross-section near the forward end portion of the m olten glass flow 

and from a direction opposite each other and crossi ng a vertical 

direction. 

 

[Claim 4] A method of manufacturing a glass blank a ccording to claim 

2 or 3, 

 wherein: 

 the separating of the forward end portion of the m olten glass 

flow is carried out by allowing a pair of shear bla des to penetrate 

the molten glass flow from a direction substantiall y perpendicular 

to a direction in which the molten glass flow drops  down and from 

a direction opposite each other and crossing a vert ical direction; 

and 

 a cutting portion of each of the pair of shear bla des is branched 
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and has any one shape selected from a V-shape and a  U-shape. 

 

[Claim 5] A method of manufacturing a glass blank a ccording to any 

one of claims 1 to 4, 

 wherein 

 the separation mark, which is present on the surfa ce of the 

molten glass gob just before carrying out the press -molding, is 

positioned on a straight line connecting a central point of the 

molten glass gob to any one molding surface selecte d from the molding 

surface of the first press mold and the molding sur face of the second 

press mold in a shortest distance. 

 

[Claim 6] A method of manufacturing a glass blank a ccording to any 

one of claims 1 to 5, 

 wherein 

 the press-molding is carried out so that the molte n glass gob 

is completely extended by pressure between the mold ing 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 i n 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 reco rding medium 

substrate, comprising: 
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 manufacturing a glass blank, including at least: 

  forming a molten glass gob by separating a forwar d end 

portion of a molten glass flow flowing out continuo usly; and 

  after the forming of the molten glass gob, press- molding 

the molten glass gob dropping down with a first pre ss mold and a 

second press mold arranged facing each other in a d irection crossing 

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 

 the press-molding is carried out so that the molte n glass gob 

is brought into contact with at least one molding s urface 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 sep arating of the 

forward end portion of the molten glass flow, under  a state in which 

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: 

  forming a molten glass gob by separating a forwar d end 
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portion of a molten glass flow flowing out continuo usly; and 

  after the forming molten glass gob, press-molding  the 

molten glass gob dropping down with a first press m old and a second 

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 

 manufacturing a magnetic recording medium, includi ng at least 

  forming a magnetic recording layer on a main surf ace 

of the magnetic recording medium substrate, 

 wherein 

 the press-molding is carried out so that the molte n glass gob 

is brought into contact with at least one molding s urface 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 sep arating of the 

forward end portion of the molten glass flow, under  a state in which 

the separation mark faces the at least one molding surface. 


