
 1

Description 

 

Title of Invention: METHOD OF MANUFACTURING GLASS B LANK FOR MAGNETIC 

RECORDING MEDIUM GLASS SUBSTRATE. 

 

Technical Field 

 [0001] The present invention relates to a method o f 

manufacturing a glass blank for a magnetic recordin g medium glass 

substrate, a method of manufacturing a magnetic rec ording medium 

glass substrate, and a method of manufacturing a ma gnetic recording 

medium. 

 

Background Art 

[0002] As a method of manufacturing a magnetic reco rding 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, for example, Patent Literature 1 and 2) 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, somet imes referred 

to as "sheet-shaped glass-cutting method."  See, fo r example, Patent 

Literature 3). 

[0003] In conventional sheet-shaped glass-cutting m ethods 
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exemplified in Patent Literature 3 and the like, a magnetic recording 

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 disclosed in Patent Literature 3, the lappin g step 

(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 met hods 

exemplified in Patent Literature 1, Patent Literatu re 2, and the 

like, a magnetic recording medium substrate is usua lly obtained 

by carrying out a press molding step with a method of press molding 

a molten glass gob, in which the molten glass gob i s placed in a 

lower mold and a pressing force is then applied to the molten glass 

gob from the vertical direction by using an upper m old and the lower 

mold (hereinafter, sometimes referred to as "vertic al direct press"), 

and then carrying out a lapping step, a polishing s tep, and the 

like. 

[0005] Here, it is also proposed that, in the press  method 

disclosed in Patent Literature 1, the lapping step is eliminated 

by, for example, using a highly rigid material as a  material for 

the upper mold, the lower mold, and a parallel spac er arranged between 

the upper mold and the lower mold. 
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[0006] In addition, it is proposed that, in the pre ss method 

disclosed in Patent Literature 2, the press molding  step is carried 

out with a method in which a pressing force is appl ied 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 hori zontal direction 

(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.   

 

Citation List 

Patent Literature 

[0007] 

 [Patent Literature 1] JP 2003-54965 A (claims, par agraphs 

[0040] and [0043], FIG. 4 to FIG. 8, and the like) 

 [Patent Literature 2] JP 4380379 B (paragraph 0031 , FIG. 1 

to FIG. 9, and the like ） 

 [Patent Literature 3] JP 2003-36528 A (FIG. 3 to F IG. 6, FIG. 

8, and the like) 
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Summary of Invention 

Technical Problem 

 [0008] On the other hand, from the viewpoint of en hancing 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 a lapping apparatus is required for 

carrying out the lapping step, and hence man-hours for manufacturing 

a magnetic recording medium substrate become larger  and the 

processing time thereof increases.  Further, the la pping step may 

cause the occurrence of cracks in the surfaces of g lass.  Thus, 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 c arry out 

a lapping step in a shorter time at the time of man ufacturing a 

magnetic recording medium by applying post-processi ng to a glass 



 5

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.  Here, when a glass b lank is produced 

by vertical direct press, the temperature of a lowe r mold is set 

to a temperature sufficiently lower than the temper ature of a 

high-temperature molten glass gob in order to preve nt the molten 

glass gob from melting and bonding to the lower mol d.  Thus, during 

the period from placing the molten glass gob in the  lower mold until 

starting press molding, the molten glass gob loses heat through 

the surface in contact with the lower mold, and hen ce the viscosity 

of the lower surface of the molten glass gob placed  in the lower 

mold locally increases.  As a result, the press mol ding 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 afte r the press molding 

is different for each site in a glass molded body p roduced by 

stretching glass by press molding so as to have a p late shape.  

Consequently, a glass blank that is manufactured by  using vertical 

direct press is liable to have an increased thickne ss deviation 

or to have a deteriorated flatness.  Further, in co nsideration of 

the above-mentioned mechanism, even in the case of adopting the 

vertical direct press using a parallel spacer as di sclosed in Patent 

Literature 1, it is difficult to drastically suppre ss the increase 

of the thickness deviation of the glass blank and t he reduction 

of the flatness thereof. 
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[0010] Further, it is described that a polish step can be 

diminished or eliminated by adopting the horizontal  direct press 

disclosed in Patent Literature 2.  Moreover, when t his technology 

is adopted, two projected streaks are concentricall y provided in 

the press-molding surface of each press mold, and h ence there are 

formed, in the surface of a glass blank manufacture d, two 

concentrically-shaped and V-shaped grooves which ha ve a depth equal 

to one fourth to one third the thickness of the gla ss blank.  Besides, 

the provision of the V-shaped grooves gives the adv antage that a 

precise processing step applied to the inner diamet er side and outer 

diameter side of the glass blank and a polishing pr ocessing step 

applied to its end surfaces are eliminated.  Howeve r, when the 

inventors of the present invention have intensively  studies on this 

technology, the inventors have found that the thick ness of the glass 

blank manufactured tends to be thinner in the inner  diameter side 

rather than the outer diameter side, and hence the thickness deviation 

cannot be significantly improved compared with the case of using 

vertical direct press.  In addition, the inventors have also found 

that the glass blank manufactured is liable to have  cracks and the 

yield is liable to lower.  Note that the cracks in the glass blank 

have occurred in V-shaped groove portions, and henc e the crack defect 

is estimated to be attributed to stress concentrati on in the V-shaped 

groove portions. 

[0011] By the way, examination has been made in rec ent years 

on using magnetic materials having high  magnetic anisotropy energy 
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(high Ku magnetic materials), such as an Fe-Pt-base d material and 

a Co-Pt-based material, for the purpose of attainin g higher density 

recording in a magnetic recording media.  A magneti c particle having 

a smaller diameter is necessary for attaining high recording density.  

Meanwhile, the magnetic particle having a smaller d iameter involves 

a problem with the deterioration of magnetic charac teristics 

attributed to thermal fluctuation.  As the high Ku magnetic materials 

resist the influence of thermal fluctuation, the hi gh Ku magnetic 

materials are expected to contribute to attaining h igh density 

recording. 

[0012] However, the above-mentioned high Ku magneti c materials 

need to have a particular crystal orientation state  in order to 

realize high Ku.  For that purpose, the high Ku mag netic materials 

need to be formed into a film at high temperature o r need to be 

subjected to heat treatment at high temperature aft er being formed 

into a film.  Thus, in order to form a magnetic rec ording layer made 

of each of these high Ku magnetic materials, a magn etic recording 

medium substrate made of glass is required to have high 

heat-resistance necessary for being able to endure the 

above-mentioned high-temperature treatment, that is , a high glass 

transition temperature. 

[0013] On the other hand, when a glass blank for a magnetic 

recording medium substrate is manufactured by verti cal direct press, 

which has been conventionally used as a method of m anufacturing 

a magnetic recording medium substrate by a press me thod, there is 
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a problem in that, as a glass material to be used f or manufacturing 

the glass blank has a higher glass transition tempe rature, the shape 

accuracy of the glass blank is more liable to lower .  The reason 

for this is that in usual vertical direct press, mo lten glass is 

placed in a lower mold arranged on a rotating table , and the molten 

glass in the lower mold is then subjected to press molding with 

an upper mold and the lower mold.  That is, during the period from 

the time at which the molten glass is placed in the  lower mold until 

the time of the start of the press molding, the low er mold is heated 

by the molten glass having a high temperature.  Mor eover, in order 

to adjust the viscosity of a glass material having a high glass 

transition temperature to a viscosity range suitabl e for the press 

molding, it is necessary to set the temperature of a molten glass 

gob placed in the lower mold to a higher temperatur e.  In addition, 

if the temperature of the molten glass gob is set t o a higher one 

at the time of the press molding, heat becomes liab le to be transferred 

to the rotating table via the lower mold, and as a result, the rotating 

table supporting the lower mold is eventually defor med by the heat.  

Thus, the shape accuracy of the glass blank such as  thickness deviation 

and flatness consequently lowers.  The above-mentio ned explanation 

is the reason for the problem. 

[0014] As the viscosity distribution (temperature 

distribution) of the molten glass gob becomes wider  just before 

press molding in the vertical direct press, as desc ribed above, 

it is not possible to drastically suppress the incr ease of the 
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thickness deviation of the glass blank and the redu ction of the 

flatness thereof.  Further, even if the horizontal direct press 

disclosed in Patent Literature 2 was adopted, the t hickness deviation 

of the glass blank was not be able to be improved d rastically, and 

moreover, a crack defect was easily caused.  In add ition, when a 

glass blank is manufactured by using a glass materi al having a higher 

glass transition temperature for the purpose of imp roving heat 

resistance, the shape accuracy of the glass blank i nevitably lowers. 

[0015] The present invention has been made in view of the 

above-mentioned circumstances, and an object of the  present 

invention is to provide a method of manufacturing a  glass blank 

for a magnetic recording medium glass substrate, th e glass blank 

being able to be formed into a magnetic recording m edium glass 

substrate having excellent heat resistance by carry ing out 

post-processing, being excellent in thickness devia tion and flatness, 

and having little crack defect, and a method of man ufacturing a 

magnetic recording medium glass substrate and a met hod of 

manufacturing a magnetic recording medium each usin g the method 

of manufacturing a glass blank for a magnetic recor ding medium glass 

substrate. 

 

Solution to Problems 

 [0016] The above-mentioned object is achieved by t he present 

invention described below. 

 That is, a method of manufacturing a glass blank f or a magnetic 
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recording medium glass substrate according to the p resent invention 

includes: manufacturing a glass blank for a magneti c recording medium 

glass substrate by at least press molding a falling  molten glass 

gob with a first press mold and a second press mold  both so as to 

face each other in a direction perpendicular to a d irection in which 

the molten glass gob falls, in which: the molten gl ass gob is formed 

of a glass material having a glass transition tempe rature of 600°C 

or more; and when the press molding is carried out so that the molten 

glass gob is completely extended by pressure and mo lded into a flat 

glass between a press-molding surface of the first press mold and 

a press-molding surface of the second press mold, a t least a region 

in contact with the flat glass in each of the press -molding surface 

of the first press mold and the press-molding surfa ce of the second 

press mold forms a substantially flat surface. 

[0017] In a method of manufacturing a glass blank f or a magnetic 

recording medium glass substrate according to one e mbodiment of 

the present invention, it is preferred that the gla ss blank for 

a magnetic recording medium glass substrate have an  average linear 

expansion coefficient at 100 to 300°C of 70×10 -7 /°C or more and a 

Young's modulus of 70 GPa or more. 

[0018] In a method of manufacturing a glass blank f or a magnetic 

recording medium glass substrate according to anoth er embodiment 

of the present invention, it is preferred that the glass material 

include, as a glass composition expressed in mol%, 50 to 75% of 

SiO 2, 0 to 5% of Al 2O3, 0 to 3% of Li 2O, 0 to 5% of ZnO, 3 to 15% 
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in total of at least one kind of component selected  from Na 2O and 

K2O, 14 to 35% in total of at least one kind of compo nent selected 

from MgO, CaO, SrO, and BaO, and 2 to 9% in total o f at least one 

kind of component selected from ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, 

Nb2O5, and HfO 2, and the molar ratio {(MgO+CaO)/(MgO+CaO+SrO+BaO)}  

be in the range of 0.8 to 1 and the molar ratio {Al 2O3/(MgO+CaO)} 

be in the range of 0 to 0.30. 

[0019] In a method of manufacturing a glass blank f or a magnetic 

recording medium glass substrate according to anoth er embodiment 

of the present invention, it is preferred that the method include: 

manufacturing molten glass by heating and melting a  glass material 

prepared so as to have a predetermined glass compos ition; and forming 

the molten glass gob by causing the molten glass to  fall from a 

glass outlet and cutting a forward end portion of a  molten glass 

flow continuously flowing out downward in the verti cal direction, 

in which the viscosity of the molten glass flow is kept at a constant 

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

[0020] In a method of manufacturing a glass blank f or a magnetic 

recording medium glass substrate according to anoth er embodiment 

of the present invention, the method including: sep arating 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 (flat 

glass) with a press mold, thereby manufacturing a g lass blank for 

a magnetic recording medium glass substrate to be p rocessed into 

a magnetic recording medium glass substrate, it is preferred that 
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a flat glass be produced by preparing a glass mater ial so that a 

glass including, as a glass composition expressed i n mol%, 50 to 

75% of SiO 2, 0 to 5% of Al 2O3, 0 to 3% of Li 2O, 0 to 5% of ZnO, 3 

to 15% in total of at least one kind of component s elected from 

Na2O and K 2O, 14 to 35% in total of at least one kind of compo nent 

selected from MgO, CaO, SrO, and BaO, and  2 to 9% in total of at 

least one kind of component selected from ZrO 2, TiO 2, La 2O3, Y 2O3, 

Yb2O3, Ta 2O5, Nb 2O5, and HfO 2, in which the molar ratio 

{(MgO+CaO)/(MgO+CaO+SrO+BaO)} is in the range of 0. 8 to 1 and the 

molar ratio {Al 2O3/(MgO+CaO)} is in the range of 0 to 0.30 is obtaine d, 

heating and melting the glass raw material to produ ce a molten glass, 

causing the molten glass to flow out with a constan t viscosity within 

the viscosity range of 500 to 1,050 dPa·s, separati ng a molten glass 

gob by cutting a molten glass flow in a state in wh ich the molten 

glass flow is dropping from a glass outlet to cause  the molten glass 

gob to fall, and press molding the falling molten g lass gob.   

[0021] A method of manufacturing a magnetic recordi ng medium 

glass substrate according to the present invention includes: 

manufacturing a glass blank for a magnetic recordin g medium glass 

substrate by at least press molding a falling molte n glass gob with 

a first press mold and a second press mold both so as to face each 

other in a direction perpendicular to a direction i n which the molten 

glass gob falls; and manufacturing a magnetic recor ding medium glass 

substrate by at least polishing main surfaces of th e glass blank, 

in which: the molten glass gob is formed of a glass  material having 
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a glass transition temperature of 600°C or more; an d when the press 

molding is carried out so that the molten glass gob  is completely 

extended by pressure and molded into a flat glass b etween a 

press-molding surface of the first press mold and a  press-molding 

surface of the second press mold, at least a region  in contact with 

the flat glass in each of the press-molding surface  of the first 

press mold and the press-molding surface of the sec ond press mold 

forms a substantially flat surface. 

[0022] A method of manufacturing a magnetic recordi ng medium 

according to the present invention includes: manufa cturing a glass 

blank by at least press molding a falling molten gl ass gob with 

a first press mold and a second press mold both so as to face each 

other in a direction perpendicular to a direction i n which the molten 

glass gob falls; manufacturing a magnetic recording  medium glass 

substrate by at least polishing main surfaces of th e glass blank; 

and manufacturing a magnetic recording medium by at  least forming 

a magnetic recording layer on the magnetic recordin g medium glass 

substrate, in which: the molten glass gob is formed  of a glass material 

having a glass transition temperature of 600°C or m ore; and when 

the press molding is carried out so that the molten  glass gob is 

completely extended by pressure and molded into a f lat glass between 

a press-molding surface of the first press mold and  a press-molding 

surface of the second press mold, at least a region  in contact with 

the flat glass in each of the press-molding surface  of the first 

press mold and the press-molding surface of the sec ond press mold 
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forms a substantially flat surface. 

 

Advantageous Effects of Invention 

 [0023] According to the present invention, there c an be provided 

the method of manufacturing a glass blank for a mag netic recording 

medium glass substrate, the glass blank being able to be formed 

into a magnetic recording medium glass substrate ha ving excellent 

heat resistance by carrying out post-processing, be ing excellent 

in thickness deviation and flatness, and having lit tle crack defect, 

and the method of manufacturing a magnetic recordin g medium glass 

substrate and the method of manufacturing a magneti c recording medium 

each using the method of manufacturing a glass blan k for a magnetic 

recording medium glass substrate. 

 

Brief Description of Drawings 

[0024] 

[FIG. 1] FIG. 1 is a schematic cross-sectional view  illustrating 

a part of all steps in one example of a method of m anufacturing 

a glass blank for a magnetic recording medium glass  substrate 

according to an embodiment of the present invention . 

[FIG. 2] FIG. 2 is a schematic cross-sectional view  illustrating 

a state after having gone through the process illus trated in FIG. 

1 in one example of a method of manufacturing a gla ss blank for 

a magnetic recording medium glass substrate accordi ng to an 

embodiment of the present invention. 
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[FIG. 3] FIG. 3 is a schematic cross-sectional view  illustrating 

one example of a falling molten glass gob in a stat e after having 

gone through the process illustrated in FIG. 2. 

[FIG. 4] FIG. 4 is a schematic cross-sectional view  illustrating 

a state after having gone through the process illus trated in FIG. 

3 in one example of a method of manufacturing a gla ss blank for 

a magnetic recording medium glass substrate accordi ng to an 

embodiment of the present invention. 

[FIG. 5] FIG. 5 is a schematic cross-sectional view  illustrating 

a state after having gone through the process illus trated in FIG. 

4 in one example of a method of manufacturing a gla ss blank for 

a magnetic recording medium glass substrate accordi ng to an 

embodiment of the present invention. 

[FIG. 6] FIG. 6 is a schematic cross-sectional view  illustrating 

a state after having gone through the process illus trated in FIG. 

5 in one example of a method of manufacturing a gla ss blank for 

a magnetic recording medium glass substrate accordi ng to an 

embodiment of the present invention. 

[FIG. 7] FIG. 7 is a schematic cross-sectional view  illustrating 

a state after having gone through the process illus trated in FIG. 

6 in one example of a method of manufacturing a gla ss blank for 

a magnetic recording medium glass substrate accordi ng to an 

embodiment of the present invention. 

[FIG. 8] FIG. 8 is a schematic cross-sectional view  illustrating 

a state after having gone through the process illus trated in FIG. 
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7 in one example of a method of manufacturing a gla ss blank for 

a magnetic recording medium glass substrate accordi ng to an 

embodiment of the present invention. 

[FIG. 9] FIG. 9 is a schematic cross-sectional view  illustrating 

a state after having gone through the process illus trated in FIG. 

8 in one example of a method of manufacturing a gla ss blank for 

a magnetic recording medium glass substrate accordi ng to an 

embodiment of the present invention. 

 

Reference Signs List 

[0025] 

10 glass effluent pipe 

12 glass outlet 

20 molten glass flow 

22 forward end portion  

24 molten glass gob  

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 
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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 

52A press molding surface 

54 guide member 

54A guide surface 

60 second press mold 

62 press mold body 

62A press molding surface 

64 guide member 

64A guide surface 

 

Description of Embodiment  

[0026] 

[Method of manufacturing glass blank] 

 A method of manufacturing a glass blank for a magn etic recording 

medium glass substrate (which may be hereinafter ab breviated as 

"glass blank") according to an embodiment of the pr esent invention 
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includes manufacturing a glass blank by at least go ing through a 

press-molding step of press molding a falling molte n glass gob with 

a first press mold and a second press mold both so as to face each 

other in the direction perpendicular to the directi on in which the 

molten glass gob falls, and is characterized in tha t the molten 

glass gob is formed of a glass material having a gl ass transition 

temperature of 600°C or more, and when the molten g lass gob is 

completely extended by pressure between the press-m olding surface 

of the first press mold and the press-molding surfa ce of the second 

press mold by carrying out the press-molding step, thereby being 

formed into a flat glass, at least a region in each  of the press-molding 

surface of the first press mold and the press-moldi ng surface of 

the second press mold, the region being in contact with the flat 

glass, has a nearly flat surface. 

[0027] In the method of manufacturing a glass blank  for a 

magnetic recording medium glass substrate according  to an embodiment 

of the present invention, the glass transition temp erature of the 

glass material to be used for manufacturing a glass  blank is 600°C 

or more.  Here, it is known that the heat resistanc e of glass has 

a strong correlation with its glass transition temp erature.  Further, 

the glass transition temperature of a magnetic reco rding medium 

substrate made of glass manufactured by any of a co nventional press 

method and a conventional sheet-shaped glass-cuttin g method is far 

below 600°C, that is, about 450 to about 500°C.  Th us, a magnetic 

recording medium glass substrate manufactured by us ing a glass blank 
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manufactured by the method of manufacturing a glass  blank according 

to an embodiment of the present invention has highe r heat resistance 

than conventional magnetic recording medium substra tes.  

Consequently, even if the magnetic recording medium  glass substrate 

obtained according to an embodiment of the present invention is 

subjected to heat treatment at high temperature, th e extremely high 

flatness that the magnetic recording medium glass s ubstrate has 

is not impaired.  Therefore, when a magnetic record ing layer is formed 

on the magnetic recording medium glass substrate by  using a high 

Ku magnetic material, for example, the high Ku magn etic material 

can be easily formed into a film at high temperatur e or can be easily 

subjected to heat treatment at high temperature aft er being formed 

into a magnetic recording layer.  As a result, it b ecomes easy to 

attain high density recording in a magnetic recordi ng medium.  

Moreover, in addition to the foregoing, when the ma gnetic recording 

medium glass substrate obtained from the glass blan k manufactured 

by the method of manufacturing a glass blank accord ing to an embodiment 

of the present invention is used to manufacture a m agnetic recording 

medium, a higher-temperature film-forming process c an be adopted, 

as compared with the case where conventional magnet ic recording 

medium substrates are used.  Thus, the degree of de sign freedom in 

designing a magnetic recording medium becomes highe r.  Note that 

the glass transition temperature of the glass mater ial is preferably 

610°C or more, more preferably 620°C or more, still  more preferably 

630°C or more, still more preferably 640°C or more,  still more 
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preferably 650°C or more, still more preferably 655 °C or more, still 

more preferably 660°C or more, particularly prefera bly 670°C or 

more, most preferably 675°C or more.  On the other hand, the upper 

limit of the glass transition temperature is not pa rticularly limited, 

but may be set to, for example, about 750°C. 

[0028] Further, the method of manufacturing a glass  blank 

according to an embodiment of the present invention  adopts horizontal 

direct press in which a falling molten glass gob is  press-molded 

with a first press mold and a second press mold bot h so as to face 

each other in the direction (horizontal direction) perpendicular 

to the direction in which the molten glass gob fall s.  In the 

horizontal direct press, the molten glass gob is ne ither temporarily 

brought into contact with nor temporarily held by a  member having 

a temperature lower than the molten glass gob has, such as a lower 

mold, during the period until the molten glass gob is press-molded.  

Thus, at the time just prior to the start of the pr ess molding, 

the viscosity distribution of the molten glass gob is kept uniform 

in the horizontal direct press, though the viscosit y distribution 

of the molten glass gob becomes very large in verti cal direct press.  

Hence, it is extremely easy to stretch the molten g lass gob more 

uniformly and more thinly by press molding in the h orizontal direct 

press as compared with the vertical direct press.  Thus, as a result, 

in the case where a glass blank is manufactured by using the horizontal 

direct press, it is extremely easy to drastically s uppress the 

increase of the thickness deviation and the reducti on of the flatness, 
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as compared with the case where a glass blank is ma nufactured by 

using the vertical direct press. 

[0029] Note that a molten glass gob can be, in prin ciple, 

stretched more uniformly and more thinly at the tim e of press molding 

by using the horizontal direct press rather than th e vertical direct 

press, as described above, and hence the thickness deviation and 

flatness can be significantly improved.  However, i t is considered 

that even in the case of carrying out the vertical direct press 

in which a molten glass gob has a wide viscosity di stribution just 

prior to the start of press molding, if the tempera ture of the whole 

molten glass gob is further increased at the time o f the press molding 

and the viscosity of the whole molten glass gob is further lowered, 

the thickness deviation and the flatness can be sig nificantly 

improved.  However, although the method as describe d above can be 

applied to the case of using a glass material havin g a glass transition 

temperature of less than 600°C (low Tg glass), it b ecomes more 

difficult to apply the method to the case of using a glass material 

having a glass transition temperature of 600°C or m ore (high Tg 

glass), in proportion to the increase of the glass transition 

temperature. 

[0030] The reason for that is as described below.  First, in 

the vertical direct press, a lower mold is heated b y a molten glass 

gob and is continuously exposed to thermal stress d uring the period 

from the time of supplying the molten glass gob int o the lower mold 

until the start of press molding.  Thus, in the cas e of using high 
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TG glass in place of low Tg glass, the temperature of the molten 

glass gob needs to be increased in order to secure the viscosity 

of the molten glass gob suitable for press molding.   However, if 

the temperature of the molten glass gob is increase d, thermal stress 

to the lower mold becomes larger.  As a result, the  press-molding 

surface of the lower mold and molten glass are melt -bonded to each 

other and/or the press-molding surface of the lower  mold remarkably 

deteriorates or deforms.  Thus, when high Tg glass is used to make 

mass production of a glass blank by the vertical di rect press, the 

accumulation of thermal stress to a lower mold incr eases as time 

passes, leading to the occurrence of the above-ment ioned problems.  

Consequently, even if the vertical direct press is carried out by 

using the high Tg glass, it is difficult to make ma ss production 

of a glass blank whose thickness deviation and flat ness are 

significantly improved. 

[0031] However, even if the horizontal direct press  is carried 

out by using high Tg glass having such a glass tran sition temperature 

that the mass production of a glass blank becomes d ifficult in the 

case of using the vertical direct press, it is extr emely easy to 

make mass production of a glass blank whose thickne ss deviation 

and flatness are significantly improved.  There is given first, as 

the reason for this, the fact that, when the horizo ntal direct press 

is carried out, the period during which the press-m olding surfaces 

of press molds and a high-temperature molten glass gob keep contacting 

to each other is substantially only the time of pre ss molding, and 
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hence the time during which thermal stress is appli ed to the press 

molds is shorter as compared with the vertical dire ct press.  In 

addition, there is given, as the second reason, the  fact that, when 

press molding is carried out so that a molten glass  gob can be stretched 

uniformly and thinly while using high Tg glass havi ng the same glass 

transition temperature, the temperature of the whol e molten glass 

gob can be set lower in the horizontal direct press  rather than 

the vertical direct press.  This is because the vis cosity 

distribution of a molten glass gob just prior to th e start of press 

molding is uniform in the horizontal direct press, and hence the 

molten glass gob is easily stretched thinly and uni formly, but the 

viscosity distribution of a molten glass gob just p rior to the start 

of press molding is very wide in the vertical direc t press, and 

hence the molten glass gob is not easily stretched thinly and 

uniformly. 

[0032] Further, in the method of manufacturing a gl ass blank 

according to an embodiment of the present invention , when a molten 

glass gob is completely extended by pressure betwee n the 

press-molding surface of the first press mold and t he press-molding 

surface of the second press mold by carrying out th e press-molding 

step, thereby being formed into a flat glass, at le ast a region 

in each of the press-molding surface of the first p ress mold and 

the press-molding surface of the second press mold,  the region being 

in contact with the flat glass (hereinafter, someti mes referred 

to as "molten glass stretching region"), has a near ly flat surface.  
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That is, no V-shaped groove is formed in the surfac e of the glass 

blank manufactured by the method of manufacturing a  glass blank 

according to an embodiment of the present invention .  That is, no 

V-shaped groove exists in the glass blank manufactu red by the method 

of manufacturing a glass blank according to an embo diment of the 

present invention, though very large V-shaped groov es each having 

a depth one fourth to one third the thickness of a substrate exist 

on the surface of the glass blank manufactured by t he production 

method described in Patent Literature 2, the produc tion method 

including adopting the same horizontal direct press  as in the method 

of manufacturing a glass blank according to an embo diment of the 

present invention.  Thus, in the glass blank manufa ctured by the 

method of manufacturing a glass blank according to an embodiment 

of the present invention, no crack defect estimated  to be attributed 

to stress concentration in V-shaped groove portions  occurs. 

[0033] Further, the glass blank manufactured by the  method of 

manufacturing a glass blank according to an embodim ent of the present 

invention is excellent in thickness deviation, as c ompared with 

the glass blank manufactured by the production meth od described 

in Patent Literature 2 including adopting the horiz ontal direct 

press.  As described above, the horizontal direct p ress can 

significantly improve the thickness deviation as co mpared with the 

vertical direct press.  Thus, it is expected that, if the method 

of manufacturing a glass blank according to an embo diment of the 

present invention and the production method describ ed in Patent 
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Literature 2 both including adopting the horizontal  direct press 

are carried out, each resultant glass blank has sim ilar thickness 

deviation.  However, the method of manufacturing a glass blank 

according to an embodiment of the present invention  can, in reality, 

make the thickness deviation smaller than the produ ction method 

described in Patent Literature 2 can.  Specific rea sons for the 

occurrence of such difference are unknown, but it i s estimated that 

the difference may be influenced by, at the time of  press molding, 

for example, (1) a difference in flow resistance wh en a molten glass 

gob spreads in the direction parallel to press-mold ing surfaces 

between a pair of the press-molding surfaces facing  each other, 

(2) a local difference in the cooling speed of a mo lten glass gob 

in the molten glass stretching region, the differen ce being caused 

by thermal exchange between each press-molding surf ace and a 

stretching molten glass gob, and the like. 

[0034] That is, the production method described in Patent 

Literature 2 involves providing concentrically-shap ed projected 

streaks for forming V-shaped grooves in press-moldi ng surfaces.  

Thus, in the case where the production method descr ibed in Patent 

Literature 2 is used, flow resistance becomes large r, as compared 

with the case where the method of manufacturing a g lass blank according 

to an embodiment of the present invention is used.  The difference 

in flow resistance is estimated to make eventually a difference 

in the time from the start of the stretch of a molt en glass gob 

until the completion of its spread, if each molten glass gob has 
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the same viscosity.  Moreover, when press molding i s continuously 

carried out in the production method described in P atent Literature 

2, as the projected streak portions provided in pre ss-molding 

surfaces project relative to flat portions around t he projected 

streaks, the projected streak portions are liable t o be cooled in 

the intermission of press molding (period during wh ich a molten 

glass gob is not in contact with press-molding surf aces).  In addition, 

the height of each projected streak is approximatel y equal to from 

one fourth to one third the thickness of a glass bl ank, and hence 

the heat capacity of the projected streak portions is very large.  

Thus, it is conceivable that the cooling speed of t he portions which 

come into contact with the projected streak portion s provided in 

the inner peripheral side of the molten glass gob t ends to be larger 

at the time of press molding than the cooling speed  of other portions, 

if the accumulative time of the contact between the  molten glass 

gob and each of the projected streak portions is al so taken into 

consideration.  It is therefore estimated, based on  the reasons 

described above, that the method of manufacturing a  glass blank 

according to an embodiment of the present invention  can make the 

thickness deviation smaller than the method of manu facturing a glass 

blank described in Patent Literature 2 can, even th ough each of 

the methods adopts the same horizontal direct press . 

[0035] Note that, in the method of manufacturing a glass blank 

according to an embodiment of the present invention , at least each 

molten glass stretching region in the press-molding  surfaces needs 
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to have a nearly flat surface, or each whole press- molding surface 

may have a nearly flat surface.  Here, the term "ne arly flat surface" 

also means, in addition to a usual flat surface who se curvature 

is substantially zero, a surface having such a very  small curvature 

that a slightly convex surface or a slightly concav e surface is 

formed.  Further, it is naturally allowed for the " nearly flat 

surface" to have minute irregularities which are fo rmed when usual 

flattening processing, usual mirror polishing proce ssing, or the 

like is applied at the time of manufacturing press molds, and it 

is also acceptable for the "nearly flat surface" to  have convex 

portions and/or concave portions larger than the mi nute 

irregularities, if necessary. 

[0036] Here, it is allowed for the convex portion l arger than 

the minute irregularity to include a substantially point-shaped 

convex portion and/or a substantially linear-shaped  convex portion 

each having such a height of 20 µm or less that those portions have 

a slight chance of bringing about the deterioration  of flow resistance 

and promoting the partial cooling of a molten glass  gob.  Note that 

the height is preferably 10 µm or less, more preferably 5 µm or 

less.  Further, when the convex portion larger than  the minute 

irregularity is a trapezoid-shaped convex portion h aving a minimum 

width in top surface of several millimeters or an o rder exceeding 

it, or a dome-shaped convex portion having nearly t he same height 

and size as the trapezoid-shaped convex portion ins tead of the 

substantially point-shaped convex portion and subst antially 
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linear-shaped convex portion, the above-mentioned c hance of bringing 

about the deterioration of flow resistance and prom oting the partial 

cooling of a molten glass gob becomes smaller, and hence the convex 

portion is allowed to have a height of 50 µm or less.  Note that 

the height is preferably 30 µm or less, more preferably 10 µm or 

less.  Further, from the viewpoint of suppressing t he occurrence 

of cracks due to stress concentration at the inters ection part between 

the bottom surface and a side surface of the trapez oid-shaped convex 

portion, it is preferred that the side surface of t he trapezoid-shaped 

convex portion be a flat surface having an angle of  slope of 0.5° 

or less with respect to the top surface, or be a cu rved surface 

created by modifying the flat surface to a concave surface.  Note 

that the angle is more preferably 0.1° or less. 

[0037] Further, it is allowed for the concave porti on larger 

than the minute irregularity to include a substanti ally point-shaped 

concave portion and/or a substantially linear-shape d concave portion 

each having a depth of 20 µm or less, in order that, for example, 

the deterioration of the flowability of molten glas s flowing into 

the concave portion at the time of press molding is  not brought 

about.  Note that the height is preferably 10 µm or less, more 

preferably 5 µm or less.  Further, when the concave portion large r 

than the minute irregularity is an inverted trapezo id-shaped concave 

portion having a minimum width in top surface of se veral millimeters 

or an order exceeding it, or an inverted dome-shape d concave portion 

having nearly the same height and size as the inver ted 
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trapezoid-shaped concave portion instead of the sub stantially 

point-shaped concave portion and substantially line ar-shaped 

concave portion, the above-mentioned chance of brin ging about the 

deterioration of the flowability becomes smaller, a nd hence the 

concave portion is allowed to have a height of 50 µm or less.  Note 

that the height is preferably 30 µm or less, more preferably 10 

µm or less.  Further, from the viewpoint of suppress ing the occurrence 

of cracks due to stress concentration at the inters ection part between 

the bottom surface and a side surface of the trapez oid-shaped convex 

portion, it is preferred that the side surface of t he trapezoid-shaped 

convex portion be a flat surface having an angle of  slope of 0.5° 

or less with respect to the bottom surface, or be a  curved surface 

created by modifying the flat surface to a concave surface.  Note 

that the angle is more preferably 0.1° or less. 

[0038] Hereinafter, the method of manufacturing a g lass blank 

according to an embodiment of the present invention  is described 

in more detail with reference to the drawings. 

[0039] —Manufacturing example of glass blank— 

 FIG. 1 to FIG. 9 each are a schematic cross-sectio nal view 

illustrating one example of the method of manufactu ring a glass 

blank according to an embodiment of the present inv ention.  Here, 

these figures illustrate, in numerical order, a ser ies of processes 

at the time of manufacturing a glass blank in chron ological order. 

[0040] As illustrated in FIG. 1, a molten glass flo w 20 is first 

caused to flow out continuously downward in the ver tical direction 
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from a glass outlet 12 provided at the lower end po rtion of a glass 

effluent pipe 10 whose upper end portion is connect ed 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 (lowe r side blade) 

30 and a second shear blade (upper side blade) 40 a re arranged at 

both sides of the molten glass flow 20, respectivel y, in the direction 

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.  Note that the v iscosity of the 

molten glass flow 20 is not particularly limited as  long as the 

viscosity is suitable for separating the forward en d portion 22 

and press molding, and it is usually preferred that  the viscosity 

be controlled to a constant value in the range of 5 00 dPa ·s to 1,050 

dPa·s.  The viscosity of the molten glass flow 20 can b e controlled 

by adjusting the temperatures of the glass effluent  pipe 10 and 

the molten glass supply source located in the upstr eam of the glass 

effluent pipe 10. 

[0041] Further, the lower side blade 30 and the upp er side blade 

40 have substantially plate-shaped body portions 32  and 42, 

respectively, and blade portions 34 and 44, respect ively, which 

are respectively provided at an end portion side of  the body portions 

32 and 42, and cut the forward end portion 22 of th e molten glass 
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flow 20 continuously flowing out downward in the ve rtical direction 

in the direction substantially perpendicular to the  direction to 

which the molten glass flow 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 .  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. 

[0042] Next, as illustrated in FIG. 2, the lower si de blade 

30 and the upper side blade 40 are each moved in th e horizontal 

direction so that the upper surface 34U of the blad e portion 34 

and the lower surface 44B of the blade portion 44 a re partially 

overlapped substantially without any gap by further  moving the lower 

side blade 30 and the upper side blade 40 toward th e arrow direction 

X1 and the arrow direction X2, respectively.  That is, the lower 

side blade 30 and the upper side blade 40 are cause d to perpendicularly 

cross the central axis D.  As a result, the lower s ide blade 30 and 

the upper side blade 40 penetrate into the molten g lass flow 20 

until reaching the vicinity of the central axis D t hereof, and the 

forward end portion 22 is separated (cut) as a molt en glass gob 

24 having a substantially spherical shape.  Note th at FIG. 2 
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illustrates an aspect of the moment when the forwar d end portion 

22 is separated from the body portion of the molten  glass flow 20 

as the molten glass gob 24. 

[0043] Next, as illustrated in FIG. 3, the molten g lass gob 

24 separated from the molten glass flow 20 further falls in the 

vertical direction in the downward Y1 side.  Then, the molten glass 

gob 24 enters the space between the first press mol d and the second 

press mold both so as to face each other in the dir ection perpendicular 

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

illustrated in FIG. 4, a first press mold 50 and a second press 

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

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. 

[0044] Here, the press molds 50 and 60 have press m old bodies 

52 and 62 each having a disk-like shape, respective ly, and guide 

members 54 and 64 arranged so as to surround the ou ter peripheral 

ends of each of the press mold bodies 52 and 62, re spectively.  Note 

that, because FIG. 4 is a cross-sectional view, the  guide members 

54 and 64 are drawn so as to be positioned on both sides of the 
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press mold bodies 52 and 62, respectively, in FIG. 4.  Here, one 

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

molding surfaces 52A and 62A, respectively.  Furthe r, in FIG. 4, 

the first press mold 50 and the second press mold 6 0 are arranged 

so that the two press molding surfaces 52A and 62A face each other.  

Further, the guide member 54 is provided with a gui de surface 54A, 

which is positioned so as to project slightly based  on the press 

molding surface 52A in the X1 direction, and the gu ide member 64 

is provided with a guide surface 64A, which is posi tioned so as 

to project slightly based on the press molding surf ace 62A in the 

X2 direction.  Then, the guide surface 54A and the guide surface 

64A come into contact with each other at the time o f press molding, 

and hence a gap is formed between the press molding  surface 52A 

and the press molding surface 62A.  Thus, the thick ness of the gap 

corresponds to the thickness of the molten glass go b 24 molded so 

as to have a plate shape by being press-molded betw een the first 

press mold 50 and the second press mold 60, that is , the thickness 

of a glass blank.  Further, the press molding surfa ces 52A and 62A 

are formed so that, when the press molding step is carried out so 

that the molten glass gob 24 is completely extended  by pressure 

in the vertical direction and is molded into a flat  glass between 

the press molding surface 52A of the first press mo ld 50 and the 

press molding surface of the second press mold 60, at least regions 

(molten glass stretching regions) S1 and S2 in cont act with the 

above-mentioned flat glass in each of the press mol ding surfaces 
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52A and 62A form a substantially flat surface.  Not e that, in the 

example illustrated in FIG. 4, the whole part of th e press-molding 

surface 52A including the molten glass stretching r egion S1 and 

the whole part of the press-molding surface 62A inc luding the molten 

glass stretching region S2 each are a usual flat su rface whose 

curvature is substantially zero.  Further, the flat  surface has only 

minute irregularities which are formed when usual f lattening 

processing, usual mirror polishing processing, or t he like is applied 

at the time of manufacturing press molds, but does not have convex 

portions and/or concave portions larger than the mi nute 

irregularities. 

[0045] It is preferred to use a metal or an alloy a s a material 

for forming each of the press molds 50 and 60 in vi ew of 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.  Note tha t, it may be 

possible to control the press molding by cooling th e press molds 

50 and 60 by using a medium for cooling such as wat er or air so 

that the temperatures of the press molds 50 and 60 do not rise. 

[0046] The glass blank is manufactured by press mol ding the 

molten glass gob 24 by pressure between the press m olding surfaces 
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52A and 62A.  Thus, the surface roughness of the pr ess molding 

surfaces 52A and 62A and the surface roughness of t he 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 scribe 

processing and performing grinding processing using  a diamond sheet, 

and these processings are carried out as the below- mentioned 

post-step. Hence the surface roughness Ra of the pr ess molding 

surfaces is also preferably controlled to the range  of 0.01 to 10 

µm. 

[0047] The molten glass gob 24 illustrated in FIG. 4 falls 

further downward and enters the space between the t wo press molding 

surfaces 52A and 62A.  Then, as illustrated in FIG.  5, at the time 

when the molten glass gob 24 reaches the vicinity o f the almost 

central portion in the vertical direction of the pr ess molding 

surfaces 52A and 62A parallel to the falling direct ion Y1, both 

side surfaces of the molten glass gob 24 come into contact with 

the press molding surfaces 52A and 62A.   

[0048] Here, in additional consideration of the vie wpoint 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 posit ion of press 

fluctuates because of an excessively high falling s peed, the falling 

distance is preferably selected from the range of 1 ,000 mm or less, 

more preferably selected from the range of 500 mm o r less, still 
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more preferably selected from the range of 300 mm o r less, most 

preferably selected from the range of 200 mm or les s.  Note that 

the lower limit of the falling distance is not part icularly limited, 

but is preferably 100 mm or more for practical use.   Note that the 

term "falling distance" means a distance from the p osition at the 

moment when the forward end portion 22 is separated  as the molten 

glass gob 24 as illustrated in FIG. 2, that is, the  position at 

which the lower side blade 30 and the upper side bl ade 40 are overlapped 

in the vertical direction, until the position at th e time of the 

start of the press molding (the moment of the start  of the press 

molding) as illustrated in FIG. 5, that is, the vic inity of the 

almost central portion in the diameter direction of  the press-molding 

surfaces 52A and 62A parallel to the falling direct ion Y1. 

[0049] Note that the temperatures of the first pres s mold 50 

and second press mold 60 at the time of the start o f 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 

press molding surfaces 52A and 62A occurs. 

[0050] After the surface of the molten glass gob 24  comes into 

contact with each of the press molding surfaces 52A  and 62A, the 

molten glass gob 24 is solidified so as to attach t o the press molding 

surfaces 52A and 62A.  Next, as illustrated in FIG.  6, when the molten 
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glass gob 24 is continuously pressed from its both sides with the 

first press mold 50 and the second press mold 60, t he molten glass 

gob 24 is extended by pressure so as to have a unif orm thickness 

around the position at which the molten glass gob 2 4 and each of 

the press molding surfaces 52A and 62A first come i nto contact.  

Then, as illustrated in FIG. 7, the molten glass go b 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 6 4A come into 

contact, thereby being formed into a disk-shaped or  disk-like thin 

flat glass 26 between the press molding surfaces 52 A and 62A.   

[0051] Here, the thin flat glass 26 illustrated in FIG. 7 has 

substantially the same shape and thickness as the g lass blank to 

be finally obtained.   Further, the size and shape of both surfaces 

of the thin flat glass 26 are substantially the sam e size and shape 

of the molten glass stretching regions S1 and S2 (n ot shown in FIG. 

7).  Further, the time taken from the state at the time of the start 

of the press molding illustrated in FIG. 5 until a state in which 

the guide surface 54A and the guide surface 64A com e into contact 

with each other as illustrated in FIG. 7 (hereinaft er, referred 

to as "press molding time" in some cases) is prefer ably 0.1 second 

or less from the viewpoint of forming the molten gl ass gob 24 into 

a thin flat glass.  Moreover, because a state in wh ich the guide 

surface 54A and the guide surface 64A come into con tact with each 

other is established at the time of the press moldi ng, it becomes 

easy to maintain the parallel state between the pre ss molding surface 
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52A and the press molding surface 62A.  Note that t he upper limit 

of the press molding time is not particularly limit ed, however, 

it is preferably 0.05 seconds or more for practical  use. 

[0052] Note that after the state illustrated in FIG . 7 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 maintaining a state in which bo th surfaces of 

the thin flat glass 26 and each of the press moldin g surfaces 52A 

and 62A are closely attached.  Then, while the stat e is continued 

for several seconds, the thin flat glass 26 is cool ed.  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 t he second press 

mold 60 is preferably carried out until the tempera ture of the thin 

flat glass 26 reaches a temperature equal to or les s than the 

deformation point of a glass material forming the t hin flat glass 

26.  Note that if the press pressure is increased i n the 

above-mentioned state, the thin flat glass 26 break s in some cases. 

[0053] Next, as illustrated in FIG. 8, the first pr ess mold 

50 is moved in the X2 direction and the second pres s mold 60 is 

moved in the X1 direction so that the first press m old 50 and the 

second press mold 60 are separated from each other,  thereby demolding 

the thin flat glass 26 from the press molding surfa ce 62A.  

Subsequently, as illustrated in FIG. 9, the thin fl at glass 26 is 
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demolded from the press molding surface 52A, and th e thin flat glass 

26 is caused to fall in the downward Y1 side in the  vertical direction 

so as to be taken out.  Note that when the thin fla t glass 26 is 

demolded from the press molding surface 52A, the th in flat glass 

26 can be demolded by applying a force from an oute r peripheral 

direction of the thin flat glass 26 so as to peel i t.  In this case, 

the thin flat glass 26 can be taken out without app lying a large 

force to the thin flat glass 26.  Note that, it may  be possible to 

control the press molding by cooling the first pres s mold 50 and 

the second press mold 60 by using a medium for cool ing such as water 

or air so that the temperatures of the press moldin g surfaces 52A 

and 62A do not excessively rise. 

[0054] Finally, the thin flat glass 26 taken out is  subjected 

to annealing to reduce or remove strain, thereby yi elding a base 

material to be processed into a magnetic recording medium glass 

substrate, that is, a glass blank.  As a result of press molding 

the falling molten glass gob 24 in accordance with the above-mentioned 

procedures exemplified in FIG. 1 to FIG. 9, the vis cosity distribution 

of the molten glass gob 24 just prior to the start of press can 

be made uniform, and the molten glass gob 24 can be  stretched thinly 

so as to have a uniform thickness. 

[0055] Thus, 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 i s preferably 

10 µm or less, and the flatness of the glass blank is p referably 
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10 µm or less, more preferably 8 µm or less, still more preferably 

6 µm or less, particularly preferably 4 µm or less. 

[0056] The method of manufacturing a glass blank ac cording to 

an embodiment of the present invention is suitable for producing 

a glass blank having a ratio of diameter to thickne ss 

(diameter/thickness) of 50 to 150.  Here, the diame ter refers to 

an arithmetic average of the major axis and minor a xis of the glass 

blank.  The press molds 50 and 60 do not regulate t he outer peripheral 

end surface of the glass blank, and hence the outer  peripheral end 

surface is a free surface.  Here, the circularity o f the glass blank 

that is produced is not particularly limited, but i s preferably 

controlled to within ±0.5 mm. 

[0057] The diameter of the glass blank is not parti cularly 

limited.  The diameter is preferably set, as a targ et value, to a 

value obtained by adding, to the diameter of the su bstrate, the 

amount of glass that is removed at the time of scri be processing 

and outer peripheral processing which are carried o ut when the glass 

blank is processed into a magnetic recording medium  glass substrate, 

as described below. 

[0058] The thickness of the glass blank falls prefe rably within 

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

0.75 to 1.0 mm, still more preferably within the ra nge of 0.90 to 

0.92 mm.  It is recommended to measure the thicknes s, thickness 

deviation, flatness, diameter, and circularity of t he glass blank 

by using a three-dimensional measuring machine and a micrometer. 
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[0059] —Physical properties and glass composition o f glass 

material, physical properties of glass blank, and t he like— 

 There is used, as described above, a glass materia l having 

a glass transition temperature of 600°C or more as the glass material 

which is used in the method of manufacturing a glas s blank according 

to an embodiment of the present invention.  Therefo re, a glass blank 

manufactured by the method of manufacturing a glass  blank according 

to an embodiment of the present invention has high heat resistance. 

[0060] On the other hand, a disk-shaped magnetic re cording 

medium is a medium for writing and reading out data  along its rotating 

direction while the magnetic recording medium is be ing rotated around 

the central axis at a high speed and a magnetic hea d is being moved 

in the radius direction.  In recent years, the rota tion number of 

the magnetic recording medium has been increasing, for example, 

from 5,400 rpm to 7,200 rpm, and further to 10,000 rpm, in order 

to increase the writing speed and the reading-out s peed.  However, 

in the disk-shaped magnetic recording medium, the p ositions for 

recording data are predetermined depending on the d istance from 

the central axis.  Hence, as its rotating speed inc reases, the 

disk-shaped magnetic recording medium deforms durin g its rotation 

and the magnetic head is then displaced, resulting in difficulty 

in reading data correctly.  Thus, in order to deal with high-speed 

rotation, a magnetic recording medium glass substra te made of glass 

is required to have high rigidity (high Young's mod ulus) necessary 

for preventing significant deformation during high- speed rotation. 
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[0061] Further, a hard disk drive (HDD) in which a magnetic 

recording medium is incorporated adopts such a stru cture that the 

magnetic recording medium itself is rotated while t he central portion 

of the magnetic recording medium is being held with  a spindle of 

a spindle motor.  Thus, if there is a large differe nce between the 

thermal expansion coefficient of a magnetic recordi ng medium glass 

substrate and the thermal expansion coefficient of a spindle material 

forming a spindle portion, there occurs a differenc e between the 

thermal expansion and thermal contraction of the sp indle and the 

thermal expansion and thermal contraction of the ma gnetic recording 

medium glass substrate in response to the change of  temperature 

in a surrounding environment at the time of using t he hard disk 

drive, resulting in the deformation of the magnetic  recording medium.  

When such deformation occurs, it becomes impossible  for a magnetic 

head to read out information written in the magneti c recording medium, 

leading to a cause for impairing the reliability on  the reproduction 

of recorded information.  Thus, in order to improve  the reliability 

on a magnetic recording medium, a magnetic recordin g medium glass 

substrate made of glass is required to have as high  a thermal expansion 

coefficient as a spindle material (such as stainles s steel) has. 

[0062] As described above, the magnetic recording m edium glass 

substrate more preferably has, in addition to heat resistance 

necessary for enduring a high-temperature film-form ing process from 

the viewpoint of attaining high density recording o r the like, high 

rigidity and a high thermal expansion coefficient f rom the viewpoint 
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of improving the reliability on a magnetic recordin g medium or the 

like.  Thus, a glass blank manufactured by the meth od of manufacturing 

a glass blank according to an embodiment of the pre sent invention 

preferably has an average linear expansion coeffici ent at 100 to 

300°C of 70×10 -7 /°C or more and a Young's modulus of 70 GPa or more .  

Note that the average linear expansion coefficient at 100 to 300°C 

is more preferably 75×10 -7 /°C or more.  On the other hand, the upper 

limit of the average linear expansion coefficient i s not particularly 

limited, but is preferably 120×10 -7 /°C or less for practical use.  

Further, the Young's modulus is more preferably 75 GPa or more, 

still more preferably 80 GPa or more.  On the other  hand, the upper 

limit of the Young's modulus is not particularly li mited, but is 

preferably 100 GPa or less for practical use. 

[0063] However, the three characteristics of high h eat 

resistance, high rigidity, and a high thermal expan sion coefficient, 

are in a trade-off relationship in a glass material .  Further, when 

attempt is made on actually manufacturing a magneti c recording medium 

glass substrate made of glass which satisfies all t he three 

characteristics, the resultant glass tends to have less thermal 

stability than conventional glass for a magnetic re cording medium 

glass substrate.  A glass material for a magnetic r ecording medium 

glass substrate is generally excellent in thermal s tability, but 

when such glass having less thermal stability as de scribed above 

is melt and molded, the outflow temperature of a mo lten glass flow 

20 must be increased to prevent the devitrification  of glass.  As 
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a result, the outflow viscosity of the molten glass  flow 20 lowers, 

and hence it becomes difficult to separate a molten  glass gob 24 

by cutting a forward end portion 22 of the molten g lass flow 20, 

cause the molten glass gob 24 to fall, and press-mo ld the molten 

glass gob 24. 

[0064] Here, a glass composition capable of providi ng the 

magnetic recording medium glass substrate having th e three 

characteristics of high heat resistance, high rigid ity, and a high 

thermal expansion coefficient, is not particularly limited.  

However, from the viewpoint of easily striking a ba lance between 

the three characteristics, particularly preferred a re glass 

materials formed of the two kinds of glass composit ions described 

below.  The two kinds of glass materials are herein after referred 

to as "Glass A" and "Glass B." 

[0065] Glass A and Glass B which are sequentially d escribed 

in detail hereinafter are classified into oxide gla ss, and their 

glass compositions are expressed in terms of oxides .  A glass 

composition in terms of oxides refers to a glass co mposition obtained 

by conversion to oxides based on the supposition th at a glass material 

is completely decomposed at the time of melting and  exists as oxides 

in glass.  Note that Glass A and Glass B are noncry stalline 

(amorphous) glass, and hence each are formed of a h omogeneous phase 

unlike crystallized glass.  Thus, in a magnetic rec ording medium 

glass substrate manufactured by using any of Glass A and Glass B, 

excellent smoothness can be realized on the surface  of the substrate.  
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Hereinafter, in the order of Glass A and Glass B, t he details of 

their glass materials are described. 

[0066] First, Glass A is described.  The glass comp osition of 

Glass A includes, as a glass composition expressed in mol%, 50 to 

75% of SiO 2, 0 to 5% of Al 2O3, 0 to 3% of Li 2O, 0 to 5% of ZnO, 3 

to 15% in total of at least one kind of component s elected from 

Na2O and K 2O, 14 to 35% in total of at least one kind of compo nent 

selected from MgO, CaO, SrO, and BaO, and 2 to 9% i n total of at 

least one kind of component selected from ZrO 2, TiO 2, La 2O3, Y 2O3, 

Yb2O3, Ta 2O5, Nb 2O5, and HfO 2; and the molar ratio 

{(MgO+CaO)/(MgO+CaO+SrO+BaO)} is in the range of 0. 8 to 1 and the 

molar ratio {Al 2O3/(MgO+CaO)} is in the range of 0 to 0.30. 

[0067] The content, total content, and ratio of eac h component 

are hereinafter expressed on a molar basis unless o therwise specified.  

Next, the details of each component forming Glass A  are described. 

[0068] SiO 2, which is a component for forming a glass network,  

has an effect of improving glass stability and chem ical durability, 

and in particular, acid resistance.  SiO 2 is also a component that 

contributes to reducing thermal diffusion in a magn etic recording 

medium glass substrate so as to enhance heating eff iciency, when 

the step of forming a film such as a magnetic recor ding layer on 

the magnetic recording medium glass substrate is ca rried out, or 

when the magnetic recording medium glass substrate is heated by 

radiation in order to apply heat treatment to the f ilm formed in 

the step.  The content of SiO 2 in Glass A is in the range of 50 to 
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75%.  When the content of SiO 2  is controlled to 50% or more, the 

above-mentioned functions can be sufficiently exert ed.  Moreover, 

when the content of SiO 2  is controlled to 75% or less, it is possible 

to surely suppress a phenomenon that SiO 2  is not completely dissolved 

in glass, producing undissolved substances and a ph enomenon that 

bubble removal becomes insufficient because the vis cosity of glass 

at the time of fining becomes too high.  This is be cause, if a magnetic 

recording medium glass substrate is manufactured fr om glass 

containing undissolved substances, protrusions deri ved from the 

undissolved substances are produced on the surface of the magnetic 

recording medium glass substrate by polishing, and hence the 

resultant glass substrate sometimes cannot be used as a magnetic 

recording medium glass substrate which is required to have extremely 

high surface smoothness.  Further, if a magnetic re cording medium 

glass substrate is manufactured from glass containi ng bubbles, some 

of the bubbles appear on the surface of the magneti c recording medium 

glass substrate by polishing.  In this case, portio ns at which some 

of the bubbles appear become as dents, impairing th e smoothness 

of the main surface of the magnetic recording mediu m glass substrate, 

and hence the resultant glass substrate sometimes c annot be used 

as a magnetic recording medium glass substrate.  No te that the content 

of SiO 2 in Glass A is preferably in the range of 57 to 70% , more 

preferably in the range of 57 to 68%, still more pr eferably in the 

range of 60 to 68%, still more preferably in the ra nge of 63 to 

68%. 
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[0069] Al 2O3, which also contributes to forming a glass network , 

is a component that contributes to improving chemic al durability 

and heat resistance.  The content of Al 2O3 in Glass A is in the range 

of 0 to 5%.  When the content of Al 2O3 is controlled to 5% or less, 

it is possible to prevent a phenomenon that the the rmal expansion 

coefficient of a magnetic recording medium glass su bstrate becomes 

too small, thereby making a big difference in therm al expansion 

coefficient with respect to a spindle material form ing a spindle 

portion of HDD, such as stainless steel.  As a resu lt, it is possible 

to surely prevent a phenomenon that there occurs a difference between 

the thermal expansion and thermal contraction of th e spindle and 

the thermal expansion and thermal contraction of th e magnetic 

recording medium glass substrate in response to the  change of 

temperature in a surrounding environment, resulting  in the 

deformation of a magnetic recording medium.  Note t hat, when such 

deformation occurs, it becomes impossible for a mag netic head to 

read out information written in the magnetic record ing medium, 

leading to a cause for impairing the reliability on  the reproduction 

of recorded information.  If Al 2O3 is contained in a small amount, 

Al 2O3 contributes to improving glass stability and lower ing the 

liquidus temperature of glass, but as the content o f Al 2O3 is further 

increased, glass stability tends to lower and the l iquidus 

temperature tends to rise.  Thus, from the standpoi nt of further 

improving the glass stability in addition to provid ing a higher 

thermal expansion coefficient, the upper limit of t he content of 
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Al 2O3 in Glass A is preferably 4% or less, more preferab ly 3% or 

less, still more preferably 2.5% or less, still mor e preferably 

1% or less, still more preferably less than 1%.  On  the other hand, 

from the standpoint of improving the chemical durab ility, heat 

resistance, and glass stability, the lower limit of  the content 

of Al 2O3 is preferably 0.1% or more. 

[0070] Li 2O contributes to improving the meltability and 

formability of glass and also contributes to increa sing the thermal 

expansion coefficient of glass.  On the other hand,  if Li 2O is added 

in a small amount, the glass transition temperature  of glass 

significantly lowers and the heat resistance of gla ss remarkably 

lowers.  Thus, in consideration of these points, th e content of Li 2O 

in Glass A is in the range of 0 to 3%.  Note that, from the standpoint 

of further improving the heat resistance, the conte nt of Li 2O is 

preferably in the range of 0 to 2%, more preferably  in the range 

of 0 to 1%, still more preferably in the range of 0  to 0.8%, still 

more preferably in the range of 0 to 0.5%, still mo re preferably 

in the range of 0 to 0.1%, still more preferably in  the range of 

0 to 0.08%, and being substantially free of Li 2O is particularly 

preferred.  Here, the phrase "substantially free" m eans that 

particular components are not intentionally added t o a glass material, 

and does not exclude even the fact that some compon ents are mixed 

as impurities. 

[0071] ZnO contributes to improving the meltability  and 

formability of glass and glass stability, to enhanc ing the rigidity, 
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and to increasing the thermal expansion coefficient .  However, if 

ZnO is excessively added, the glass transition temp erature of glass 

significantly lowers, the heat resistance remarkabl y lowers, and 

the chemical durability lowers.  Thus, the content of ZnO in Glass 

A is controlled in the range of 0 to 5%.  From the standpoint of 

maintaining the heat resistance and the chemical du rability in good 

conditions, the content of ZnO is preferably in the  range of 0 to 

4%, more preferably in the range of 0 to 3%, still more preferably 

in the range of 0 to 2%, still more preferably in t he range of 0 

to 1%, still more preferably in the range of 0 to 0 .5%.  Further, 

Glass A may be substantially free of ZnO. 

[0072] Na 2O and K 2O mainly contribute to improving the 

meltability and formability of glass, to promoting bubble removal 

by reducing the viscosity of glass at the time of f ining, and to 

increasing the thermal expansion coefficient, but, among alkali 

metal oxide components, Na 2O and K 2O have a smaller function that 

is to decrease the glass transition temperature as compared with 

Li 2O.  Here, from the standpoint of imparting homogene ity (state 

in which neither undissolved substances nor remaini ng bubbles exist) 

and thermal expansion characteristics, which are re quired for a  

magnetic recording medium glass substrate, the lowe r limit of the 

total content of Na 2O and K 2O in Glass A is controlled to 3% or more.  

Moreover, the upper limit is controlled to 15% or l ess.  As a result, 

it is possible to suppress the occurrence of proble ms, such as a 

problem that the glass transition temperature lower s, thereby 
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impairing the heat resistance, a problem that the c hemical durability, 

and in particular, the acid resistance lowers, and a problem that 

the elution of an alkali increases from the surface  of a magnetic 

recording medium glass substrate and a precipitated  alkali gives 

damage to, for example, a film formed on the magnet ic recording 

medium glass substrate.  The total content of Na 2O and K 2O is 

preferably in the range of 5 to 13%, more preferabl y in the range 

of 8 to 13%, still more preferably in the range of 8 to 11%. 

[0073] Glass A may be used as a magnetic recording medium glass 

substrate without being subjected to ion exchange, or Glass A may 

be used as a magnetic recording medium glass substr ate after being 

subjected to ion exchange.  When ion exchange is co nducted, Na 2O 

is a suitable component as a component involved in the ion exchange.  

Further, the coexistence of Na 2O and K 2O as glass components causes 

a mixed alkali effect, thereby providing the effect  of suppressing 

alkali elution as well.  However, if both component s are excessively 

introduced, there is liable to occur the same probl em as in the 

case where the total content of both components is excessive.  From 

that standpoint, after the total content of Na 2O and K 2O is controlled 

in the above-mentioned ranges, the range of the con tent of Na 2O is 

controlled to preferably 0 to 5%, more preferably 0 .1 to 5%, still 

more preferably 1 to 5%, still more preferably to 2  to 5%, and the 

range of the content of K 2O is controlled to preferably 1 to 10%, 

more preferably 1 to 9%, still more preferably 1 to  8%, still more 

preferably 3 to 8%, still more preferably 5 to 8%. 
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[0074] MgO, CaO, SrO, and BaO, which are alkaline-e arth metal 

components, each contribute to improving the meltab ility and 

formability of glass and glass stability and to inc reasing the thermal 

expansion coefficient.  Thus, in order to obtain th ese effects, the 

total content of MgO, CaO, SrO, and BaO in Glass A is controlled 

to 14% or more.  On the other hand, the total conte nt of MgO, CaO, 

SrO, and BaO is controlled to 35% or less.  As a re sult, the lowering 

of the chemical durability can be surely suppressed .  The total 

content of MgO, CaO, SrO, and BaO is preferably in the range of 

14 to 32%, more preferably in the range of 14 to 26 %, still more 

preferably in the range of 15 to 26%, still more pr eferably in the 

range of 17 to 25%. 

[0075] By the way, it is required for a  magnetic recording medium 

glass substrate for a magnetic recording medium to be used for mobile 

application to have high rigidity and high hardness  necessary for 

enduring impacts while mobile devices are being car ried and to have 

a light weight.  Thus, glass for manufacturing such  magnetic 

recording medium glass substrate desirably has a hi gh Young's modulus, 

a high specific elastic modulus, and a low specific  gravity.  Further, 

as described previously, glass for a magnetic recor ding medium glass 

substrate is required to have high rigidity in orde r to endure 

high-speed rotation.  Here, among the above-mention ed 

alkaline-earth metal components, MgO and CaO contri bute to enhancing 

the rigidity and hardness and to suppressing the in crease of the 

specific gravity.  MgO and CaO therefore are very u seful components 
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in order to obtain glass having a high Young's modu lus, a high specific 

elastic modulus, and a low specific gravity.  In pa rticular, MgO 

is effective for attaining the high Young's modulus  of glass and 

the low specific gravity, and CaO is an effective c omponent for 

attaining the high thermal expansion.  Thus, from t he standpoint 

of attaining the high Young's modulus, the high spe cific elastic 

modulus, and the low specific gravity of a magnetic  recording medium 

glass substrate, the molar ratio of the total conte nt of MgO and 

CaO to the total content of MgO, CaO, SrO, and BaO (MgO+CaO+SrO+BaO) 

(that is, (MgO+CaO)/(MgO+CaO+SrO+BaO)) in Glass A i s controlled 

in the range of 0.8 to 1.  The molar ratio of 0.8 o r more can suppress 

the occurrence of problems, such as the reduction o f the Young's 

modulus and specific elastic modulus and the increa se of the specific 

gravity. 

[0076] Note that the upper limit of the molar ratio , provided 

that SrO and BaO are excluded, is 1 as the maximum value.  The molar 

ratio ((MgO+CaO)/(MgO+CaO+SrO+BaO)) is preferably i n the range of 

0.85 to 1, more preferably in the range of 0.88 to 1, still more 

preferably in the range of 0.89 to 1, still more pr eferably in the 

range of 0.9 to 1, still more preferably in the ran ge of 0.92 to 

1, still more preferably in the range of 0.94 to 1,  still more 

preferably in the range of 0.96 to 1, still more pr eferably in the 

range of 0.98 to 1, particularly preferably in the range of 0.99 

to 1, most preferably 1.  From the viewpoints of at taining the high 

Young's modulus of glass, the high specific elastic  modulus, and 
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the low specific gravity, and of maintaining the ch emical durability, 

the content of MgO is preferably in the range of 1 to 23%.  Here, 

the lower limit of the content of MgO is preferably  2% or more, 

more preferably 5% or more, and the upper limit of the content of 

MgO is preferably 15% or less, more preferably 8% o r less. 

[0077] From the viewpoints of attaining the high Yo ung's modulus 

of glass, the high specific elastic modulus, the lo w specific gravity, 

and the high thermal expansion, and of maintaining the chemical 

durability, the content of CaO is preferably in the  range of 6 to 

21%, more preferably in the range of 10 to 20%, sti ll more preferably 

in the range of 10 to 18%, still more preferably in  the range of 

10 to 15%.  Note that, from the above-mentioned vie wpoints, the total 

content of MgO and CaO is controlled to preferably 15 to 35%, more 

preferably 15 to 32%, still more preferably 15 to 3 0%, still more 

preferably 15 to 25%, still more preferably 15 to 2 0%. 

[0078] SrO has the above-mentioned effects, but if SrO is 

contained excessively, the specific gravity of glas s increases.  

In addition, the material cost of SrO is higher as compared with 

MgO and CaO.  Thus, the content of SrO is controlle d preferably in 

the range of 0 to 5%, more preferably in the range of 0 to 2%, still 

more preferably in the range of 0 to 1%, still more  preferably in 

the range of 0 to 0.5%.  SrO may not be introduced as a glass component, 

that is, Glass A may be glass substantially free of  SrO. 

[0079] BaO also has the above-mentioned effects, bu t if BaO 

is contained excessively, there occur problems, suc h as a problem 
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that the specific gravity of glass increases, a pro blem that the 

Young's modulus lowers, a problem that the chemical  durability lowers, 

a problem that the specific gravity increases, and a problem that 

the material cost increases.  Thus, the content of BaO is controlled 

to preferably 0 to 5%.  The content of BaO is more preferably in 

the range of 0 to 3%, still more preferably in the range of 0 to 

2%, still more preferably in the range of 0 to 1%, still more preferably 

in the range of 0 to 0.5%.  BaO may not be introduc ed as a glass 

component, that is, Glass A may be glass substantia lly free of BaO. 

[0080] From the above-mentioned viewpoints, the tot al content 

of SrO and BaO is controlled to preferably 0 to 5%,  more preferably 

0 to 3%, still more preferably 0 to 2%, still more preferably 0 

to 1%, still more preferably 0 to 0.5%. 

[0081] As described above, MgO and CaO have the eff ects of 

increasing the Young's modulus of glass and the the rmal expansion 

coefficient.  On the other hand, Al 2O3 weakly contributes to 

increasing the Young's modulus and contributes to d ecreasing the 

thermal expansion coefficient.  Then, from the stan dpoint of 

obtaining glass having a high Young's modulus and e xhibiting high 

thermal expansion, in the glass which is used in th e method of 

manufacturing a glass blank according to an embodim ent of the present 

invention, the molar ratio of the content of Al 2O3 to the total content 

of MgO and CaO (MgO+CaO) (that is, Al 2O3/(MgO+CaO)) is controlled 

in the range of 0 to 0.30.  Attaining the high heat  resistance of 

glass, attaining the high Young's modulus of glass,  and attaining 
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the high thermal expansion of glass are in a trade- off relationship 

to each other.  Thus, in order to satisfy these thr ee requirements 

at the same time, it is insufficient to adjust a co mposition by 

setting solely each content of Al 2O3,  MgO, and CaO, and it is important 

to control the above-mentioned molar ratio in a req uired range.  

The molar ratio (Al 2O3/(MgO+CaO)) is preferably in the range of 0 

to 0.1, more preferably in the range of 0 to 0.05, still more preferably 

in the range of 0 to 0.03. 

[0082] CaO is, out of MgO and CaO, a component that  contributes 

more to attaining the high thermal expansion of gla ss, and when 

CaO is contained as an essential component, in orde r to attain the 

higher thermal expansion of glass, the molar ratio of the content 

of Al 2O3 to the content of CaO (that is, Al 2O3/CaO) is controlled 

preferably in the range of 0 to 0.4, more preferabl y in the range 

of 0 to 0.2, still more preferably in the range of 0 to 0.1. 

[0083] ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 

contribute to improving the chemical durability of glass, and in 

particular, the alkali resistance, and also to amel iorating the 

heat resistance by increasing the glass transition temperature and 

enhancing the rigidity and fracture toughness.  Thu s, when the total 

content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 in 

Glass A is controlled to 2% or more, the above-ment ioned effects 

are liable to be provided reliably.  Further, when the total content 

is controlled to 9% or less, it is possible to supp ress more surely 

problems, such as a problem that a magnetic recordi ng medium glass 
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substrate excellent in smoothness is not obtained b ecause the 

meltability of glass lowers and undissolved substan ces remain in 

the glass, and a problem that the specific gravity increases.  

Therefore, the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, 

Nb2O5, and HfO 2 in Glass A is controlled to 2 to 9%.  The total co ntent 

of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 is preferably 

in the range of 2 to 8%, more preferably in the ran ge of 2 to 7%, 

still more preferably in the range of 2 to 6%, stil l more preferably 

in the range of 2 to 5%, still more preferably in t he range of 3 

to 5%. 

[0084] ZrO 2 significantly contributes to ameliorating the heat  

resistance of glass by increasing the glass transit ion temperature 

and to ameliorating the chemical durability, and in  particular, 

the alkali resistance.  In addition, ZrO 2 has the effect of attaining 

the high rigidity by increasing the Young's modulus .  Thus, the molar 

ratio of the content of ZrO 2 to the total content of ZrO 2, TiO 2, 

La2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 

(ZrO 2+TiO 2+La2O3+Y2O3+Yb2O3+Ta2O5+Nb2O5+HfO2) (that is, 

(ZrO 2/(ZrO 2+TiO 2+La2O3+Y2O3+Yb2O3+Ta2O5+Nb2O5+HfO2)) in Glass A is 

controlled to preferably 0.3 to 1, more preferably 0.4 to 1, still 

more preferably 0.5 to 1, still more preferably 0.7  to 1, still 

more preferably 0.8 to 1, still more preferably 0.9  to 1, still 

more preferably 0.95 to 1, particular preferably 1.   The content 

of ZrO 2 is preferably in the range of 2 to 9%, more prefer ably in 

the range of 2 to 8%, still more preferably in the range of 2 to 
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7%, still more preferably in the range of 2 to 6%, still more preferably 

in the range of 2 to 5%, still more preferably in t he range of 3 

to 5%. 

[0085] TiO 2 is, out of the above-mentioned components, 

excellent in the function of suppressing the increa se of the specific 

gravity of glass and has the function of increasing  the Young's 

modulus and the specific elastic modulus.  Note tha t, if TiO 2 is 

introduced excessively, when glass is immersed in w ater, water 

reaction products are liable to attach to the surfa ce of the glass, 

leading to the reduction of the water resistance of  glass, and hence 

the content of TiO 2 is controlled preferably in the range of 0 to 

5%.  From the standpoint of keeping the water resis tance satisfactory, 

the content of TiO 2 is preferably in the range of 0 to 4%, more 

preferably in the range of 0 to 3%, still more pref erably in the 

range of 0 to 2%, still more preferably in the rang e of 0 to 1%, 

still more preferably in the range of 0 to 0.5%.  N ote that Glass 

A is preferably substantially free of TiO 2 from the standpoint of 

further ameliorating the water resistance. 

[0086] La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 each have a good 

ability to increase the specific gravity of glass, and hence, from 

the standpoint of suppressing the increase of the s pecific gravity, 

the content of each component is controlled prefera bly in the range 

of 0 to 4%, more preferably in the range of 0 to 3% , still more 

preferably in the range of 0 to 2%, still more pref erably in the 

range of 0 to 1%, still more preferably in the rang e of 0 to 0.5%.  
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La2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 may not be introduced as 

glass components. 

[0087] Examples of other glass components that may be introduced 

include B 2O3 and P 2O5.  B 2O3 contributes to reducing the fragility 

of glass and to improving the meltability.  However , excessively 

introducing B 2O3 reduces the chemical durability, and hence the 

content of B 2O3 is preferably in the range of 0 to 3%, more prefer ably 

in the range of 0 to 1%, still more preferably in t he range of 0 

to 0.5%, and introducing no B 2O3 is much more preferred. 

[0088] P 2O5 can be introduced in a small amount.  Excessively 

introducing P 2O5 reduces the chemical durability of glass, and henc e 

the content of P 2O5 is controlled to preferably 0 to 1%, more preferab ly 

0 to 0.5%, still more preferably 0 to 0.3%, and int roducing no P 2O5 

is much more preferred.  From the standpoint of obt aining glass that 

satisfies the three characteristics of high heat re sistance, a high 

Young's modulus, and a high thermal expansion coeff icient at the 

same time, the total content of SiO 2, Al 2O3, Na 2O, K 2O, MgO, CaO, 

ZrO2, TiO 2, La 2O3, Y 2O3, Yb 2O3, Ta 2O5, Nb 2O5, and HfO 2 is controlled 

to preferably 95% or more, more preferably 97% or m ore, still more 

preferably 98% or more, still more preferably 99% o r more, and may 

be controlled to 100%. 

[0089] Further, from the standpoint of suppressing the increase 

of the specific gravity of glass, the total content  of SiO 2, Al 2O3, 

Na2O, K 2O, MgO, CaO, ZrO 2, and TiO 2 is controlled to preferably 95% 

or more, more preferably 97% or more, still more pr eferably 98% 
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or more, still more preferably 99% or more, and may  be controlled 

to 100%. 

[0090] Further, from the standpoint of ameliorating  the water 

resistance of glass, the total content of SiO 2, Al 2O3, Na 2O, K 2O, 

MgO, CaO, and ZrO 2 is controlled to preferably 95% or more, more 

preferably 97% or more, still more preferably 98% o r more, still 

more preferably 99% or more, and may be controlled to 100%. 

[0091] From those viewpoints, Glass A includes pref erably (1) 

50 to 75% of SiO 2, 0 to 3% of B 2O3, 0 to 5% of Al 2O3, 0 to 3% of Li 2O, 

0 to 5% of Na 2O, 1 to 10% of K 2O, 1 to 23% of MgO, 6 to 21% of CaO, 

0 to 5% of BaO, 0 to 5% of ZnO, 0 to 5% of TiO 2, and 2 to 9% of ZrO 2, 

more preferably (2) 50 to 75% of SiO 2, 0 to 1% of B 2O3, 0 to 5% of 

Al 2O3, 0 to 3% of Li 2O, 0 to 5% of Na 2O, 1 to 9% of K 2O, 2 to 23% 

of MgO, 6 to 21% of CaO, 0 to 3% of BaO, 0 to 5% of  ZnO, 0 to 3% 

of TiO 2, and 3 to 7% of ZrO 2.  

[0092] Next, Glass B is described.  Glass B include s, as a glass 

composition, 56 to 75% of SiO 2, 1 to 11% of Al 2O3, more than 0% and 

4% or less of Li 2O, 1% or more and less than 15% of Na 2O, and 0% 

or more and less than 3% of K 2O, and is substantially free of BaO, 

the total content of alkali metal oxides selected f rom the group 

consisting of Li 2O, Na 2O, and K 2O is in the range of 6 to 15%, the 

molar ratio of the content of Li 2O to the content of Na 2O (Li 2O/Na2O) 

is less than 0.50, the molar ratio of the content o f K 2O to the 

above-mentioned total content of the alkali metal o xides 

{K 2O/(Li 2O+Na2O+K2O)} is 0.13 or less, the total content of  
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alkaline-earth metal oxides selected from the group  consisting of 

MgO, CaO, and SrO is in the range of 10 to 30%, the  total content 

of MgO and CaO is in the range of 10 to 30%, the mo lar ratio of 

the total content of MgO and CaO to the above-menti oned total content 

of the alkaline-earth metal oxides {(MgO+CaO)/(MgO+ CaO+SrO)} is 

0.86 or more, the total content of the above-mentio ned alkali metal 

oxides and the above-mentioned alkaline-earth metal  oxides is in 

the range of 20 to 40%, the molar ratio of the tota l content of 

MgO, CaO, and Li 2O to the total content of the above-mentioned alkal i 

metal oxides and the above-mentioned alkaline-earth  metal oxides 

{(MgO+CaO+Li 2O)/(Li 2O+Na2O+K2O+MgO+CaO+SrO) is 0.50 or more, the 

total content of oxides selected from the group con sisting of ZrO 2, 

TiO 2, Y 2O3, La 2O3, Gd 2O3, Nb 2O5, and Ta 2O5 is more than 0% and 10% or 

less, and the molar ratio of the above-mentioned to tal content of 

the oxides to the content of Al 2O3 

{(ZrO 2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+Ta2O5)/Al 2O3} is 0.40 or more. 

[0093] Next, the details of each component forming Glass B are 

described. 

[0094] SiO 2, which is a component for forming a glass network,  

has the effect of improving glass stability and che mical durability, 

and in particular, acid resistance.  SiO 2 is also a component that 

contributes to reducing thermal diffusion in a subs trate so as to 

enhance heating efficiency, when the step of formin g a film such 

as a magnetic recording layer on the magnetic recor ding medium glass 

substrate is carried out, or when the substrate is heated by radiation 
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in order to apply heat treatment to the film formed  in the step.  

When the content of SiO 2 is less than 56%, the chemical durability 

of glass lowers, and when the content of SiO 2 is more than 75%, the 

rigidity lowers.  In addition, when the content of SiO 2 is more than 

75%, SiO 2 does not perfectly dissolve in glass, producing un dissolved 

substances and bubble removal becomes insufficient because the 

viscosity of glass at the time of fining becomes to o high.  This 

is because, if a substrate is manufactured from gla ss containing 

undissolved substances, protrusions derived from th e undissolved 

substances are produced on the surface of the subst rate by polishing, 

and hence the resultant glass substrate cannot be u sed as a magnetic 

recording medium glass substrate which is required to have extremely 

high surface smoothness.  Further, if a magnetic re cording medium 

glass substrate is manufactured from glass containi ng bubbles, some 

of the bubbles appear on the surface of the substra te by polishing.  

In this case, the portions become dents, impairing the smoothness 

of the main surface of the magnetic recording mediu m glass substrate, 

and hence the resultant glass substrate cannot be u sed as a magnetic 

recording medium glass substrate.  In view of the f oregoing, the 

content of SiO 2 is controlled to 56 to 75%.  The content of SiO 2 

is preferably in the range of 58 to 70%, more prefe rably in the 

range of 60 to 70%. 

[0095] Al 2O3, which also contributes to forming a glass network , 

is a component that contributes to improving the ri gidity and heat 

resistance.  Note that, if the content of Al 2O3 is more than 11%, 
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the devitrification resistance (stability) of glass  lowers, and 

hence the introduction amount of Al 2O3 is controlled to 11% or less.  

On the other hand, if the content of Al 2O3 is less than 1%, the stability, 

chemical durability, and heat resistance of glass l ower, and hence 

the introduction amount of Al 2O3 is controlled to 1% or more.  Thus, 

the content of Al 2O3 is in the range of 1 to 11%.  From the viewpoints 

of the stability, chemical durability, and heat res istance of glass, 

the content of Al 2O3 is preferably in the range of 1 to 10%, more 

preferably in the range of 2 to 9%, still more pref erably in the 

range of 3 to 8%. 

[0096] Li 2O is a component for enhancing the rigidity of glas s.  

In addition, as the ease of movability in glass is in the order 

of Li>Na>K among alkali metals, introducing Li is a dvantageous from 

the viewpoint of the chemical strengthening ability  as well.  Note 

that, if Li 2O is introduced in an excessive amount, the reducti on 

of the heat resistance is caused, and hence the int roduction amount 

of Li 2O is controlled to 4% or less.  That is, the conten t of Li 2O 

is more than 0% and 4% or less.  From the viewpoint s of the high 

rigidity, high heat resistance, and chemical streng thening ability, 

the content of Li 2O is preferably in the range of 0.1 to 3.5%, more 

preferably in the range of 0.5 to 3%, still more pr eferably in the 

range of more than 1% and 3% or less, still more pr eferably in the 

range of more than 1% and 2.5% or less. 

[0097] Further, as described above, introducing Li 2O in an 

excessive amount causes the reduction of the heat r esistance, and 
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if Li 2O is introduced in an excessive amount with respect  to Na 2O, 

the reduction of the heat resistance is also caused .  Thus, the 

introduction amount of Li 2O is adjusted with respect to the 

introduction amount of Na 2O so that the molar ratio of the content 

of Li 2O to the content of Na 2O (that is, Li 2O/Na2O) falls in the range 

of less than 0.50.  From the viewpoint of suppressi ng the reduction 

of the heat resistance while providing the effects due to the 

introduction of Li 2O, the above-mentioned molar ratio (Li 2O/Na2O) 

is controlled preferably in the range of 0.01 or mo re and less than 

0.50, more preferably in the range of 0.02 to 0.40,  still more 

preferably in the range of 0.03 to 0.40, still more  preferably in 

the range of 0.04 to 0.30, still more preferably in  the range of 

0.05 to 0.30. 

[0098] In addition, if the introduction amount of L i 2O is 

excessive with respect to the total content of the alkali metal 

oxides (Li 2O+Na2O+K2O), the reduction of the heat resistance of glass 

is also caused, and if the introduction amount of L i 2O is too small, 

the reduction of the chemical strengthening ability  is caused.  Thus, 

the introduction amount of Li 2O is preferably adjusted with respect 

to the total amount of the alkali metal oxides so t hat the molar 

ratio of the content of Li 2O to the total content of the alkali metal 

oxides {Li 2O/(Li 2O+Na2O+K2O)} falls in the range of less than 1/3.  

From the viewpoint of suppressing the reduction of the heat resistance 

while providing the effects due to the introduction  of Li 2O, the 

upper limit of the molar ratio {Li 2O/(Li 2O+Na2O+K2O)} is preferably 
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0.28, more preferably 0.23.  From the viewpoint of suppressing the 

reduction of the chemical strengthening ability, th e lower limit 

of the molar ratio {Li 2O/(Li 2O+Na2O+K2O)} is preferably 0.01, more 

preferably 0.02, still more preferably 0.03, still more preferably 

0.04, still more preferably 0.05. 

[0099] As Na 2O is a component that is effective for ameliorating  

the thermal expansion characteristics of glass, Na 2O is introduced 

at 1% or more.  In addition, as Na 2O is a component that contributes 

to also ameliorating the chemical strengthening abi lity, introducing 

Na2O at 1% or more is advantageous from the viewpoint of the chemical 

strengthening ability.  Note that, if the introduct ion amount of 

Na2O is 15% or more, the reduction of the heat resista nce is caused.  

Thus, the content of Na 2O is controlled to 1% or more and less than 

15%.  From the viewpoints of the thermal expansion characteristics, 

the heat resistance, and the chemical strengthening  ability, the 

content of Na 2O is preferably in the range of 4 to 13%, more pref erably 

in the range of 5 to 11%. 

[0100] K 2O is a component that is effective for ameliorating  

the thermal expansion characteristics of glass.  In troducing K 2O 

in an excessive amount causes the reduction of the heat resistance 

and the reduction of the thermal conductivity, and deteriorates 

the chemical strengthening ability.  Thus, the intr oduction amount 

of K 2O is controlled to less than 3%.  That is, the cont ent of K 2O 

is 0% or more and less than 3%.  From the viewpoint  of ameliorating 

the thermal expansion characteristics while maintai ning the heat 
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resistance, the content of K 2O is preferably in the range of 0 to 

2%, more preferably in the range of 0 to 1%, still more preferably 

in the range of 0 to 0.5%, still more preferably in  the range of 

0 to 0.1%.  From the viewpoint of the heat resistan ce and the chemical 

strengthening ability, K 2O is preferably not introduced 

substantially.  Note that, the phrases "substantial ly free" and "not 

introduced substantially" mean that particular comp onents are 

intentionally not added to a glass material, and do es not exclude 

even the fact that some components are mixed as imp urities.  The 

same holds true for the description "0%" as for a g lass composition. 

[0101] Further, when the total content of alkali me tal oxides 

selected from the group consisting of Li 2O, Na 2O, and K 2O is less 

than 6%, the meltability and thermal expansion char acteristics of 

glass lower, and when the total content is more tha n 15%, the heat 

resistance lowers.  Thus, from the viewpoints of th e meltability, 

thermal expansion characteristics, and heat resista nce of glass, 

the total content of the alkali metal oxides select ed from the group 

consisting of Li 2O, Na 2O, and K 2O is controlled in the range of 6 

to 15%, preferably 7 to 15%, more preferably 8 to 1 3%, still more 

preferably 8 to 12%. 

[0102] Here, Glass B is substantially free of BaO.  The reason 

for excluding the introduction of BaO is as mention ed below. 

[0103] In order to enhance the recording density of  a magnetic 

recording medium, the distance between a magnetic h ead and the surface 

of the magnetic recording medium needs to be made c loser, thereby 
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improving the writing and reading resolution.  For that purpose, 

progress has been made in recent years on attaining  the low spacing 

of a head (reduction of the space between a magneti c head and the 

surface of a magnetic recording medium), and hence even the existence 

of only protrusions with a little height has not be en allowed on 

the surface of a magnetic recording medium.  This i s because, in 

a recording and reproducing system in which the low  spacing of a 

head has been attained, even minute protrusions hit s a head, resulting 

in a cause for damage of a head device or the like.   On the other 

hand, BaO reacts with carbon dioxide in the air and  produces BaCO 3, 

which serves as an excrescence on the surface of a magnetic recording 

medium glass substrate.  Thus, from the viewpoint o f reducing 

excrescences, BaO is not contained.  Further, BaO i s a component 

that causes the quality change of a glass surface ( which is called 

weathering) and may form minute protrusions on the surface of the 

substrate, and hence BaO is excluded for the purpos e of preventing 

weathering on the surface of a magnetic recording m edium glass.  

Note that attaining Ba-free is preferred from the s tandpoint of 

reducing environmental load as well. 

[0104] In addition, the fact that a glass substrate  is 

substantially free of BaO is desirable for the glas s substrate to 

be used as a magnetic recording medium that is used  in a heat-assisted 

recording method.  The reasons are described below.  

[0105] As a recording density is enhanced, a bit si ze becomes 

smaller.  The target value of a bit size necessary for realizing 
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high density recording at a density of, for example , more than 1 

terabyte/inch 2 is several tens of nanometers in diameter.  When 

recording is made with such minute bit size, a heat ed region needs 

to be made as small as the bit size in heat-assiste d recording.  

Further, in order to make high-speed recording with  a minute bit 

size, the time that can be spent for recording in o ne bit is an 

extremely short time.  Thus, heat-assisted heating and cooling must 

be completed instantly.  That is, it is required th at the heating 

and cooling of a magnetic recording medium for heat -assisted 

recording be locally performed as quickly as possib le. 

[0106] Then, it is proposed that a heatsink layer ( for example, 

a Cu film) made of a material having a high thermal  conductivity 

is formed between a magnetic recording medium subst rate for 

heat-assisted recording and a magnetic recording la yer (for example, 

see JP 2008-52869 A).  A heatsink layer is a layer that plays a roll 

of transferring heat given to a recording layer to the vertical 

direction (thickness direction) not to an in-plane direction by 

inhibiting heat from spreading in the in-plane dire ction and 

accelerating the flow of heat in the vertical direc tion (depth 

direction).  As the heatsink layer is thicker, heat ing and cooling 

can be performed in a shorter time and more locally , but in order 

to make the heatsink layer thicker, a film formatio n time must be 

longer, resulting in decreased productivity.  Moreo ver, as the 

thickness of the heatsink layer becomes larger, mor e heat is 

accumulated at the time of layer film formation.  A s a result, the 
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crystallinity and crystal orientation property of a  magnetic layer 

formed on the layer become irregular, and the ameli oration of 

recording density sometimes becomes difficult.  In addition, as the 

heatsink layer is thicker, corrosion occurs in the heatsink layer 

and the whole film swells.  As a result, a convex d efect is liable 

to occur, to thereby hinder the attaining of a low spacing.  In 

particular, when iron materials are used in the hea tsink layer, 

the above-mentioned phenomenon is highly liable to occur.   

[0107] As described above, forming a heatsink layer  having a 

large thickness is advantageous for performing heat ing and cooling 

in a short time and locally, but it is not desirabl e from the viewpoints 

of ameliorating productivity and recording density and attaining 

a low spacing.  To cope with the problems, it is co nsidered to enhance 

the thermal conductivity of a glass substrate for t he purpose of 

compensating the roll that the heatsink layer plays . 

[0108] Here, glass includes SiO 2, Al 2O3, alkali metal oxides, 

alkaline-earth metal oxides, and the like as its co nstituent 

components.  Of those, the alkali metal oxides and the alkaline-earth 

metal oxides have, as modifying components, functio ns to ameliorate 

the meltability of glass and increase the thermal e xpansion 

coefficient of glass.  Thus, a given amount of the components must 

be introduced into glass.  Of those, Ba, which has the largest atomic 

number, mainly contributes to reducing the thermal conductivity 

of glass.  As BaO is not contained here, the reduct ion of the thermal 

conductivity caused by BaO does not occur.  Thus, e ven if the heatsink 



 69

layer is made thinner, heating and cooling can be p erformed in a 

short time and locally. 

[0109] Note that BaO most contributes to keeping th e glass 

transition temperature high among the alkaline-eart h metal oxides.  

In order to prevent the reduction of the glass tran sition temperature 

caused by manufacturing glass free of BaO, the mola r ratio of the 

total content of MgO and CaO to the total content o f MgO, CaO, and 

SrO, which are alkaline-earth metal oxides, 

{(MgO+CaO)/(MgO+CaO+SrO)} is controlled to 0.86 or more.  This is 

because, if the total content of the alkaline-earth  metal oxides 

is set to a given content, the total content is int ensively allocated 

to each content of one kind or two kinds of the alk aline-earth metal 

oxides rather than allocated to each content of var ious kinds of 

the alkaline-earth metal oxides, thereby being able  to keep the 

glass transition temperature high.  That is, the re duction of the 

glass transition temperature caused by manufacturin g glass free 

of BaO is suppressed by controlling the above-menti oned molar ratio 

to 0.86 or more.  Further, one of the characteristi cs that are 

required for a magnetic recording medium glass subs trate is high 

rigidity (a high Young's modulus) as described abov e, and desirable 

characteristics that are required for the magnetic recording medium 

glass substrate include, as described later, a smal l specific gravity.  

For the purpose of attaining the high Young's modul us of glass and 

attaining the low specific gravity, it is advantage ous to introduce 

preferentially MgO and CaO among the alkaline-earth  metal oxides, 
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and hence controlling the above-mentioned molar rat io to 0.86 or 

more is also effective to realize the attaining of the high Young's 

modulus of a glass substrate and the attaining of t he low specific 

gravity of a glass substrate.  From the viewpoints described above, 

the molar ratio is preferably 0.88 or more, more pr eferably 0.90 

or more, still more preferably 0.93 or more, still more preferably 

0.95 or more, still more preferably 0.97 or more, s till more preferably 

0.98 or more, particularly preferably 0.99 or more,  most preferably 

1. 

[0110] If the total content of alkaline-earth metal  oxides 

selected from the group consisting of MgO, CaO, and  SrO is too small, 

the rigidity and thermal expansion characteristics of glass lower, 

and if the total content is excessive, the chemical  durability lowers.  

In order to realize the high rigidity, high thermal  expansion 

characteristics, and good chemical durability of gl ass, the 

above-mentioned total content of the alkaline-earth  metal oxides 

is controlled in the range of 10 to 30%, preferably  10 to 25%, more 

preferably 11 to 22%, still more preferably 12 to 2 2%, still more 

preferably 13 to 21%, still more preferably 15 to 2 0%. 

[0111] Further, MgO and CaO are components that are  

preferentially introduced as described above, and a re introduced 

so as to be a content of 10 to 30% in total.  This is because, when 

the total content of MgO and CaO is less than 10%, the rigidity 

and the thermal expansion characteristics lower, an d when the total 

content is more than 30%, the chemical durability l owers.  From the 
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viewpoint of favorably exhibiting the effects by pr eferentially 

introducing MgO and CaO, the total content of MgO a nd CaO is preferably 

in the range of 10 to 25%, more preferably in the r ange of 10 to 

22%, still more preferably in the range of 11 to 20 %, still more 

preferably in the range of 12 to 20%. 

[0112] Further, K 2O has the largest atomic number among the 

alkali metal oxides, mainly contributes to reducing  the thermal 

conductivity of glass, and is disadvantageous in te rms of the chemical 

strengthening ability, and hence the content of Li 2O is limited with 

respect to the total content of the alkali metal ox ides.  The molar 

ratio of the content of K 2O to the total content of the alkali metal 

oxides (that is, {K 2O/(Li 2O+Na2O+K2O)}) is controlled to 0.13 or less.  

From the viewpoints of the chemical strengthening a bility and the 

thermal conductivity, the above-mentioned molar rat io is controlled 

to preferably 0.10 or less, more preferably 0.08 or  less, still 

more preferably 0.06 or less, still more preferably  0.05 or less, 

still more preferably 0.03 or less, still more pref erably 0.02 or 

less, particularly preferably 0.01 or less, and gla ss substantially 

free of K 2O is most preferred, that is, introducing no K 2O is most 

preferred. 

[0113] The total content of the above-mentioned alk ali metal 

oxides and alkaline-earth metal oxides (Li 2O+Na2O+K2O+MgO+CaO+SrO) 

is 20 to 40%.  This is because, when the total cont ent is less than 

20%, the meltability, thermal expansion coefficient , and rigidity 

of glass lower, and when the total content is more than 40%, the 
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chemical durability and the heat resistance lower.  From the 

viewpoint of maintaining the above-mentioned charac teristics 

favorably, the total content of the above-mentioned  alkali metal 

oxides and alkaline-earth metal oxides is preferabl y in the range 

of 20 to 35%, more preferably in the range of 21 to  33%, still more 

preferably in the range of 23 to 33%. 

[0114] As described above, MgO, CaO, and Li 2O are components 

effective to realize enhancing the rigidity (attain ing the high 

Young's modulus) of glass.  When the total content of these three 

components becomes too small with respect to the to tal content of 

the above-mentioned alkali metal oxides and alkalin e-earth metal 

oxides, it becomes difficult to enhance the Young's  modulus.  Then, 

the total introduction amount of MgO, CaO, and Li 2O is adjusted based 

on the total content of the above-mentioned alkali metal oxides 

and alkaline-earth metal oxides, so that the molar ratio of the 

total content of MgO, CaO, and Li 2O to the total content of the 

above-mentioned alkali metal oxides and alkaline-ea rth metal oxides 

{(MgO+CaO+Li 2O)/(Li 2O+Na2O+K2O+MgO+CaO+SrO) becomes 0.50 or more.  

In order to further enhance the Young's modulus of the glass substrate, 

the above-mentioned molar ratio is controlled to pr eferably 0.51 

or more, more preferably 0.52 or more.  Moreover, f rom the viewpoint 

of the stability of glass, the above-mentioned mola r ratio is 

controlled to preferably 0.80 or less, more prefera bly 0.75 or less, 

still more preferably 0.70 or less. 

[0115] Further, the introduction amount of each alk aline-earth 
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metal oxide is as described above, and BaO is not i ntroduced into 

Glass B substantially. 

[0116] From the viewpoints of improving the Young's  modulus 

of glass, attaining the low specific gravity, and f urther, improving 

the specific elastic modulus thereby, the content o f MgO is preferably 

in the range of 0 to 14%, more preferably 0 to 10%,  still more preferably 

0 to 8%, still more preferably 0 to 6%, still more preferably 1 

to 6%.  Note that the specific elastic modulus is d escribed later. 

[0117] From the viewpoints of improving the thermal  expansion 

characteristics and Young's modulus of glass and at taining the low 

specific gravity, the introduction amount of CaO is  preferably in 

the range of 3 to 20%, more preferably 4 to 20%, st ill more preferably 

10 to 20%. 

[0118] SrO is a component that improves the thermal  expansion 

characteristics of glass, but is a component that m ore increases 

the specific gravity as compared with MgO and CaO.  Thus, the 

introduction amount of SrO is controlled to prefera bly 4% or less, 

more preferably 3% or less, still more preferably 2 .5% or less, 

still more preferably 2% or less, still more prefer ably 1% or less, 

and SrO may not be introduced substantially. 

[0119] The content and ratio of SiO 2, Al 2O3, alkali metal oxides, 

and alkaline-earth metal oxides are as described ab ove, and the 

glass exemplified herein includes the oxide compone nts described 

below.  Their details are hereinafter described. 

[0120] Oxides selected from the group consisting of  ZrO 2, TiO 2, 



 74

Y2O3, La 2O3, Gd 2O3, Nb 2O5, and Ta 2O5 are components that enhance the 

rigidity and heat resistance of glass, and hence at  least one kind 

thereby is introduced.  However, if those oxides ar e introduced 

excessively, the meltability and thermal expansion characteristics 

of glass lower.  Thus, the total content of the abo ve-mentioned oxides 

is controlled in the range of more than 0% and 10% or less, preferably 

1 to 10%, more preferably 2 to 10%, still more pref erably 2 to 9%, 

still more preferably 2 to 7%, still more preferabl y 2 to 6%. 

[0121] Further, Al 2O3 is also a component that enhances the 

rigidity and heat resistance of glass as described above, but the 

above-mentioned oxides contribute more highly to en hancing the 

Young's modulus than Al 2O3.  When the above-mentioned oxides are 

introduced at a molar ratio of 0.4 or more with res pect to Al 2O3, 

that is, when the molar ratio of the total content of the 

above-mentioned oxides to the content of Al 2O3 

{(ZrO 2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+Ta2O5)/Al 2O3} is controlled to 0.40 

or more, the improvement of the rigidity and heat r esistance can 

be realized.  From the viewpoint of further improvi ng the rigidity 

and heat resistance, the above-mentioned molar rati o is controlled 

to preferably 0.50 or more, more preferably 0.60 or  more, still 

more preferably 0.70 or more.  Moreover, from the v iewpoint of the 

stability of glass, the above-mentioned molar ratio  is controlled 

to preferably 4.00 or less, more preferably 3.00 or  less, still 

more preferably 2.00 or less, still more preferably  1.00 or less, 

still more preferably 0.90 or less, still more pref erably 0.85 or 
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less. 

[0122] Further, B 2O3 is a component that ameliorates the 

fragility of the glass substrate and improves the m eltability of 

glass.  However, if B 2O3 is introduced excessively, the heat 

resistance lowers.  Thus, the introduction amount o f B 2O3 is 

controlled to preferably 0 to 3%, more preferably 0  to 2%, still 

more preferably 0% or more and less than 1%, still more preferably 

0 to 0.5%, and B 2O3 may not be introduced substantially. 

[0123] Cs 2O is a component that can be introduced in a small 

amount as long as the desired characteristics and p roperties of 

glass are not impaired.  However, Cs 2O is a component that more 

increases the specific gravity as compared with oth er alkali metal 

oxides, and hence Cs 2O may not be introduced substantially. 

[0124] ZnO is a component that ameliorates the melt ability, 

formability, and stability of glass, enhances the r igidity, and 

improves the thermal expansion characteristics.  Ho wever, if ZnO 

is introduced excessively, the heat resistance and chemical 

durability lower.  Thus, the introduction amount of  ZnO is controlled 

to preferably 0 to 3%, more preferably 0 to 2%, sti ll more preferably 

0 to 1%, and ZnO may not be introduced substantiall y. 

[0125] ZrO 2 is a component that enhances the rigidity and heat  

resistance of glass as described above, and is also  a component 

that enhances the chemical durability.  However, if  ZrO 2 is 

introduced excessively, the meltability of glass lo wers.  Thus, the 

introduction amount of ZrO 2 is controlled to preferably 1 to 8%, 
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more preferably 1 to 6%, still more preferably 2 to  6%. 

[0126] TiO 2 is a component that has functions of suppressing 

the increase of the specific gravity of glass and i mproving the 

rigidity, thereby increasing the specific elastic m odulus.  Note 

that, if TiO 2 is introduced excessively, when a glass substrate comes 

into contact with water, water reaction products oc cur on the surface 

of the substrate, leading to a cause for the occurr ence of excrescences 

in some cases.  Thus, the introduction amount of Ti O2 is controlled 

to preferably 0 to 6%, more preferably 0 to 5%, sti ll more preferably 

0 to 3%, still more preferably 0 to 2%, still more preferably 0% 

or more and less than 1%, and TiO 2 may not be introduced substantially. 

[0127] Y 2O3, Yb 2O3, La 2O3, Gd 2O3, Nb 2O5, and Ta 2O5 are components 

that are advantageous in terms of improving the che mical durability 

and heat resistance of glass and improving the rigi dity and the 

fracture toughness.  However, if these components a re introduced 

excessively, the melt deteriorates and the specific  gravity 

increases.  Moreover, as expensive materials are us ed, the content 

of these components is preferably smaller.  Thus, t he total 

introduction amount of the above-mentioned componen ts is controlled 

to preferably 0 to 3%, more preferably 0 to 2%, sti ll more preferably 

0 to 1%, still more preferably 0 to 0.5%, still mor e preferably 

0 to 0.1%, and those components are preferably not introduced 

substantially when importance is given to improving  the meltability, 

attaining the low specific gravity, and reducing th e cost of glass. 

[0128] HfO 2 is also a component that is advantageous in terms 
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of improving the chemical durability and heat resis tance of glass 

and improving the rigidity and the fracture toughne ss.  However, 

if HfO 2 is introduced excessively, the meltability deterio rates and 

the specific gravity increases.  Moreover, as an ex pensive material 

is used, the content of HfO 2 is preferably smaller, and HfO 2 is 

preferably not introduced substantially.  Pb, As, C d, Te, Cr, Tl, 

U, and Th are preferably not introduced substantial ly in 

consideration of their influence on the environment . 

[0129] Further, the molar ratio of the total conten t of SiO 2, 

Al 2O3, ZrO 2, TiO 2, Y 2O3, La 2O3, Gd 2O3, Nb 2O5, and Ta 2O5 to the total 

content of the alkali metal oxides (Li 2O, Na 2O, and K 2O) 

{(SiO 2+Al 2O3+ZrO2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+Ta2O5)/(Li 2O+Na2O+K2O)

} is, from the viewpoints of enhancing the heat res istance of glass 

and enhancing the meltability, preferably in the ra nge of 3 to 15, 

more preferably 3 to 12, still more preferably 4 to  12, still more 

preferably 5 to 12, still more preferably 5 to 11, still more 

preferably 5 to 10. 

[0130] Next, described below are other components t hat can be 

added in common to Glass A and Glass B.  First, des cribed are Sn 

oxides and Ce oxides, which are arbitrary component s.  The Sn oxides 

and the Ce oxides are components that can function as a fining agent.  

The Sn oxides are excellent in promoting fining, be cause the oxides 

release oxygen gases at high temperature at the tim e of melting 

glass, and capture minute bubbles contained in the glass, forming 

big bubbles so that the big bubbles easily emerge o n the surface 
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of the glass.  On the other hand, the Ce oxides are  excellent in 

contributing to removing bubbles by capturing, as a  glass component, 

oxygen existing as a gas in glass at low temperatur e.  The Sn oxides 

significantly contribute to removing both relativel y big bubbles 

and very small bubbles, with the size of bubbles (s ize of bubbles 

(voids) remaining in solidified glass) in the range  of 0.3 mm or 

less.  When the Ce oxides are added with the Sn oxi des, the density 

of big bubbles each having a diameter of about 50 µm to about 0.3 

mm radically decreases to about one several tenths.   As described 

above, the coexistence of the Sn oxides and the Ce oxides can enhance 

the effect of fining glass in a broad temperature r ange from a high 

temperature region to a low temperature region.  Th us, it is preferred 

that both the Sn oxides and Ce oxides be added. 

[0131] When the total addition amount of the Sn oxi des and the 

Ce oxides in terms of outer percentage is 0.02 mass % or more, a 

sufficient fining effect can be expected.  When a m agnetic recording 

medium glass substrate is manufactured by using gla ss containing 

undissolved substances, even if their sizes are min ute and their 

amount is small, some of the undissolved substances  appear on the 

surface of the magnetic recording medium glass subs trate by polishing.  

As a result, protrusions occur on the surface of th e magnetic recording 

medium glass substrate, or portions at which some o f the undissolved 

substances were removed become dents, impairing the  smoothness of 

the surface of the magnetic recording medium glass substrate, and 

hence the resultant glass substrate cannot be used as a magnetic 
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recording medium glass substrate.  On the other han d, when the total 

addition amount of the Sn oxides and the Ce oxides in terms of outer 

percentage is 3.5 mass% or less, the Sn oxides and the Ce oxides 

can dissolve sufficiently in glass, and hence the c ontamination 

of undissolved substances can be prevented. 

[0132] Further, when crystallized glass is manufact ured, Sn 

and Ce contribute to forming crystal nuclei.  Glass  A and Glass B 

are amorphous glass, and hence it is desirable that  heating does 

not cause the precipitation of crystals.  When the content of Sn 

and Ce is excessive, such precipitation of crystals  tends to occur 

easily.  Thus, an excessive addition of the Sn oxid es and the Ce 

oxides is required to be avoided.  In view of the f oregoing, it is 

preferred that the total addition amount of the Sn oxides and the 

Ce oxides in terms of outer percentage be controlle d to 0.02 to 

3.5 mass%.  The total addition amount of the Sn oxi des and the Ce 

oxides in terms of outer percentage is preferably i n the range of 

0.1 to 2.5 mass%, more preferably in the range of 0 .1 to 1.5 mass%, 

still more preferably in the range of 0.5 to 1.5 ma ss%.  It is preferred 

to use SnO 2 as an Sn oxide from the standpoint that SnO 2 releases 

oxygen gases effectively at high temperature while glass is melted. 

[0133] Note that sulfates may be added as a fining agent at 

a content in the range of 0 to 1 mass% in terms of outer percentage, 

but a molten substance may boil over while glass is  melted, and 

the amount of foreign matter in glass sharply incre ases, and hence 

it is preferred not to introduce the sulfates.  Mor eover, as Pb, 
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Cd, As, and the like are substances that adversely affect the 

environment, their introduction is also preferably avoided. 

[0134] Glass A and Glass B can be manufactured by t aking the 

following steps.  That is, glass materials such as oxides, carbonates, 

nitrates, sulfates, and hydroxides are weighed, ble nded, and mixed 

enough, so that a predetermined glass composition i s obtained, the 

resultant mixture is heated, melted, fined, and sti rred in a melting 

vessel at a temperature in the range of, for exampl e, 1,400 to 1,600°C, 

thereby yielding homogenized molten glass in which bubble removal 

has been sufficiently performed, and the molten gla ss is molded 

into glass.  Note that the fining agent described a bove may be added 

to the glass materials, if necessary. 

[0135] Glass A and Glass B are capable of realizing  high heat 

resistance, high rigidity, and a high thermal expan sion coefficient 

at the same time.  Hereinafter, favorable physical properties that 

Glass A and Glass B have are sequentially described . 

[0136] 1. Thermal expansion coefficient 

 As described above, when there is a big difference  in thermal 

expansion coefficient between glass forming a magne tic recording 

medium glass substrate and a spindle material (such  as stainless 

steel) of HDD, the change of temperature while HDD is in motion 

causes the deformation of a magnetic recording medi um, and, for 

example, recording and reproducing problems occur, resulting in 

the reduction of reliability.  In particular, a mag netic recording 

medium having a magnetic recording layer made of a high Ku magnetic 
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material has an extremely high recording density, a nd hence even 

slight deformation of the magnetic recording medium  is liable to 

cause the problems.  In general, a spindle material  of HDD has an 

average linear expansion coefficient (thermal expan sion 

coefficient) of 70×10 -7 /°C or more in the temperature range of 100 

to 300°C.  However, when a glass blank is manufactu red by the method 

of manufacturing a glass blank according to an embo diment of the 

present invention by using Glass A or Glass B, and when a magnetic 

recording medium glass substrate is manufactured by  using the glass 

blank, it is possible to control their average line ar expansion 

coefficients in the temperature range of 100 to 300 °C to 70×10 -7 /°C 

or more.  Thus, the above-mentioned reliability can  be improved, 

and it is possible to provide a magnetic recording medium glass 

substrate suitable for a magnetic recording medium having a magnetic 

recording layer made of a high Ku magnetic material .  Note that the 

average linear expansion coefficient of glass is pr eferably in the 

range of 72×10 -7 /°C or more, more preferably in the range of 74×10 -7 /°C 

or more, still more preferably in the range of 75×1 0-7 /°C or more, 

still more preferably in the range of 77×10 -7 /°C or more, still more 

preferably in the range of 78×10 -7 /°C or more, still more preferably 

in the range of 79×10 -7 /°C or more.  The upper limit of the average 

linear expansion coefficient of glass is, in consid eration of the 

thermal expansion characteristics of a spindle mate rial, for example, 

preferably about 100×10 -7 /°C, more preferably about 90×10 -7 /°C, still 

more preferably about 88×10 -7 /°C. 
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[0137] 2. Glass transition temperature 

 When attempts are made to attain a high recording density in 

a magnetic recording medium by, for example, introd ucing a high 

Ku magnetic material as described previously, a mag netic recording 

medium glass substrate is exposed to high temperatu re in, for example, 

high-temperature treatment of a magnetic material.  In this case, 

a glass material used for the magnetic recording me dium glass 

substrate is required to have excellent heat resist ance so that 

the extremely high flatness of the magnetic recordi ng medium glass 

substrate is not impaired.  Here, when a glass blan k is manufactured 

by the method of manufacturing a glass blank accord ing to an embodiment 

of the present invention by using Glass A or Glass B, and when a 

magnetic recording medium glass substrate is manufa ctured by using 

the glass blank, it is possible to control the glas s transition 

temperature to 600°C or more.  Thus, even after the  above-mentioned 

magnetic recording medium glass substrate is subjec ted to heat 

treatment at high temperature, its excellent flatne ss can be 

maintained.  Therefore, there can be provided a mag netic recording 

medium glass substrate suitable for manufacturing a  magnetic 

recording medium including a high Ku magnetic mater ial. 

[0138] Note that the glass transition temperature o f each of 

Glass A and Glass B is preferably in the range of 6 10°C or more, 

more preferably in the range of 620°C or more, stil l more preferably 

in the range of 630°C or more, still more preferabl y in the range 

of 640°C or more, still more preferably in the rang e of 650°C or 
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more, still more preferably in the range of 655°C o r more, still 

more preferably in the range of 660°C or more, stil l more preferably 

in the range of 670°C or more, particularly prefera bly in the range 

of 675°C or more, most preferably in the range of 6 80°C or more.  

The upper limit of the glass transition temperature  is, for example, 

about 750°C, but is not particularly limited. 

[0139] 3. Young's modulus 

 Deformation of a magnetic recording medium include s, in 

addition to deformation caused by the change of tem perature in HDD, 

deformation caused by high-speed rotation.  From th e standpoint of 

suppressing the deformation at the time of high-spe ed rotation, 

it is desired that the Young's modulus of glass for  a magnetic 

recording medium glass substrate be increased.  Whe n Glass A and 

Glass B are used as that glass, the Young's modulus  of that glass 

can be controlled to 80 GPa or more, deformation of  a substrate 

at the time of high-speed rotation can be suppresse d, and data can 

be read and written correctly in a magnetic recordi ng medium which 

includes a high Ku magnetic material and in which a  high recording 

density has been attained.  The Young's modulus is preferably in 

the range of 81 GPa or more, more preferably in the  range of 82 

GPa or more.  The upper limit of the Young's modulu s is, for example, 

about 95 GPa, but is not particularly limited.   

[0140] The above-mentioned thermal expansion coeffi cient, 

glass transition temperature, and Young's modulus o f glass for a 

magnetic recording medium glass substrate are all i mportant 
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characteristics that are required for a glass subst rate for a magnetic 

recording medium which includes a high Ku magnetic material and 

in which high recording density has been attained.  Thus, in order 

to provide a substrate suitable for the above-menti oned magnetic 

recording medium, it is particularly preferred that  glass integrally 

have all the characteristics of an average linear e xpansion 

coefficients of 70×10 -7 /°C or more at 100 to 300°C, a glass transition 

temperature of 600°C or more, and a Young's modulus  of 80 GPa or 

more.  When Glass A and Glass B are used, there can  be provided glass 

for a magnetic recording medium glass substrate, th e glass integrally 

having all the above-mentioned characteristics. 

[0141] 4. Specific elastic modulus and specific gra vity 

 In order to provide a substrate which resists defo rmation when 

a magnetic recording medium is rotated at a high sp eed, it is preferred 

that the specific elastic modulus of glass for a ma gnetic recording 

medium glass substrate be controlled to 30 MNm/kg o r more.  The upper 

limit of the specific elastic modulus is, for examp le, about 35 

MNm/kg, but is not particularly limited.  The speci fic elastic 

modulus is a value obtained by dividing the Young's  modulus of glass 

by the density of the glass.  Here, the density may  be considered 

to be a value expressed by the specific gravity of glass with units 

of g/cm 3.  By attaining the low specific gravity of glass, the specific 

elastic modulus can be increased, and moreover, the  weight of a 

magnetic recording medium glass substrate can be re duced.  The 

reduction of the weight of the magnetic recording m edium glass 
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substrate leads to the reduction of the weight of a  magnetic recording 

medium.  As a result, the amount of electricity nec essary for rotating 

the magnetic recording medium decreases, and the po wer consumption 

of HDD can be suppressed.  The specific gravity of glass for a magnetic 

recording medium glass substrate is preferably in t he range of less 

than 3.0, more preferably in the range of 2.9 or le ss, still more 

preferably in the range of 2.85 or less. 

[0142] 5. Liquidus temperature 

 When glass is melted and the resultant molten glas s is molded, 

if the molding temperature of glass is lower than t he liquidus 

temperature, glass is crystallized and homogeneous glass cannot 

be manufactured.  Thus, the molding temperature of glass needs to 

be controlled to a temperature equal to or more tha n the liquidus 

temperature.  However, if the molding temperature i s more than 

1,300°C, for example, the press molds 50 and 60 tha t are used at 

the time of press molding the molten glass gob 24 r eact with the 

high-temperature molten glass gob 24, and hence the  press molds 

50 and 60 become liable to be damaged.  Further, a fining effect 

promoted by Sn oxides and Ce oxides is sometimes de creased by the 

elevation of a fining temperature caused by the ele vation of a molding 

temperature.  In consideration of the foregoing, th e liquidus 

temperature is preferably controlled to 1,300°C or less.  The 

liquidus temperature is more preferably in the rang e of 1,250°C 

or less, still more preferably in the range of 1,20 0°C or less.  

When Glass A and Glass B are used, the liquidus tem peratures in 
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the above-mentioned preferred ranges can be realize d.  The lower 

limit of the liquidus temperature is not particular ly limited, but 

a standard lower limit may be considered to be 800° C or more. 

[0143] 6. Spectral transmittance 

 A magnetic recording medium is manufactured by goi ng through 

the step of forming a multi-layer film including a magnetic recording 

layer on a magnetic recording medium glass substrat e.  When the 

multi-layer film is formed on the magnetic recordin g medium glass 

substrate by using a single wafer film-forming syst em, which is 

a main stream now, for example, the magnetic record ing medium glass 

substrate is first introduced into a substrate-heat ing area in a 

film-forming apparatus, and is heated up to a tempe rature at which 

film formation can be performed by sputtering or th e like.  After 

the temperature of the magnetic recording medium gl ass substrate 

is elevated sufficiently, the magnetic recording me dium glass 

substrate is transferred to a first film-forming ar ea, and a film 

corresponding to the lowermost layer of the multi-l ayer film is 

formed on the magnetic recording medium glass subst rate.  Next, the 

magnetic recording medium glass substrate is transf erred to a second 

film-forming area, another film is formed on the lo wermost layer.  

In the same manner as described above, the magnetic  recording medium 

glass substrate is sequentially transferred to film -forming areas 

in the latter stage, and films are formed sequentia lly, thereby 

forming the multi-layer film.  The above-mentioned heating and film 

formation are carried out under a reduced pressure atmosphere formed 
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by exhausting air with a vacuum pump or the like, a nd hence there 

is no other way but to adopt a noncontact method in  order to heat 

the magnetic recording medium glass substrate.  Thu s, heating by 

radiation is suitable for heating the magnetic reco rding medium 

glass substrate.  The film formation must be perfor med before the 

temperature of the magnetic recording medium glass substrate does 

not drop below the temperature suitable for the fil m formation.  

If the time required for forming each layer is too long, the 

temperature of the heated magnetic recording medium  glass substrate 

lowers, and as a result, there occurs the problem t hat sufficiently 

high substrate temperature cannot be maintained in the film-forming 

areas in the latter stage.  In order to maintain th e temperature 

of the magnetic recording medium glass substrate fo r a long time 

at a temperature at which film formation can be per formed, it may 

be a good idea to heat the magnetic recording mediu m glass substrate 

to a higher temperature.  However, if the speed at which the magnetic 

recording medium glass substrate is heated is small , the heating 

time must be longer, and the time during which the substrate resides 

in the heating area also must be longer.  Thus, the  resident time 

of the magnetic recording medium glass substrate in  each film-forming 

area also becomes longer, and sufficiently high sub strate 

temperature cannot be maintained in the film-formin g areas in the 

latter stage.  Moreover, it becomes difficult to im prove throughput.  

In particular, when a magnetic recording medium inc luding a magnetic 

recording layer formed of a high Ku magnetic materi al is manufactured, 
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the magnetic recording medium glass substrate is he ated to high 

temperature in a predetermined time, and hence effi ciency of heating 

by irradiation of the magnetic recording medium gla ss substrate 

should be further enhanced. 

[0144] Glass including SiO 2 and Al 2O3 has its absorption peak 

in the region including the wavelengths of from 2,7 50 to 3,700 nm.  

Further, when the infrared ray absorber described b elow is added 

or is introduced as a glass component, the absorpti on of radiation 

having shorter wavelengths can be further enhanced,  and hence the 

glass can absorb light in the wavelength region of from 700 nm to 

3,700 nm.  In order to heat efficiently the magneti c recording medium 

glass substrate by radiation, that is, by infrared ray irradiation, 

it is desired to use infrared rays having the maxim um value of its 

spectrum in the above-mentioned wavelength region.  In order to 

increase the heating speed, it is conceivable that the maximum 

wavelength of an infrared ray spectrum and the abso rption peak 

wavelength of a substrate are matched and the power  of the infrared 

rays is increased.  Taking a carbon heater in a hig h-temperature 

state for example as an infrared ray source, it is recommended to 

increase the input of the carbon heater in order to  increase the 

power of infrared rays.  However, if the radiation from the carbon 

heater is black-body radiation, the increase of the  input causes 

the elevation of the temperature of the heater, and  hence the maximum 

wavelength of an infrared ray spectrum shifts to th e short-wavelength 

side, and eventually exists out of the above-mentio ned absorption 
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wavelength region of the glass.  Thus, in order to increase the speed 

at which the magnetic recording medium glass substr ate is heated, 

the power consumption of the heater must be raised to an excessive 

level, and as a result, there occurs a problem such  as a shorter 

lifetime of the heater. 

[0145] In consideration of the foregoing, it is des irable that  

the absorption, by glass, of light in the above-men tioned wavelength 

region (wavelengths of from 700 to 3,700 nm) be imp roved, to thereby 

create a state in which the maximum wavelength of a n infrared ray 

spectrum and the absorption peak wavelength of a su bstrate are closer, 

and infrared rays be applied under the state while excessive heater 

input is avoided.  Then, in order to enhance the ef ficiency of heating 

by infrared ray radiation, preferred as glass for a  magnetic recording 

medium glass substrate is glass which has such tran smittance 

characteristic that a region in which the spectral transmittance 

of glass in terms of a thickness of 2 mm is 50% or less exists in 

the wavelength region of from 700 to 3,700 nm, or g lass which has 

the transmittance characteristic that the spectral transmittance 

in terms of a thickness of 2 mm is 70% or less thro ughout the wavelength 

region.  For example, an oxide of at least one kind  of metal selected 

from iron, copper, cobalt, ytterbium, manganese, ne odymium, 

praseodymium, niobium, cerium, vanadium, chromium, nickel, 

molybdenum, holmium, and erbium can act as an infra red ray absorber.  

In addition, water or an OH group included in water  exhibits strong 

absorption in a 3 µm band, and hence water can also act as an infrared  
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ray absorber.  The above-mentioned preferred absorp tion 

characteristics can be imparted to Glass A and Glas s B by introducing 

a proper amount of the above-mentioned component th at can act as 

an infrared ray absorber to Glass A and Glass B.  T he addition amount 

of the above-mentioned oxide that can act as one of  infrared ray 

absorbers is, based on mass of oxides, preferably i n the range of 

500 ppm to 5%, more preferably 2,000 ppm to 5%, sti ll more preferably 

2,000 ppm to 2%, still more preferably 4,000 ppm to  2%.  Further, 

the content of water is, in terms of H 2O based on weight, preferably 

more than 200 ppm, more preferably 220 ppm or more.  

[0146] Note that, when Yb 2O3 and Nb 2O5 are introduced as glass 

components or when Ce oxides are added as a fining agent, absorption 

of infrared rays carried out by these components ca n be taken advantage 

of for improving the efficiency of heating a substr ate.  

[0147] [Method of manufacturing magnetic recording medium 

glass substrate] 

 The method of manufacturing a magnetic recording m edium glass 

substrate according to an embodiment of the present  invention is 

characterized in that a magnetic recording medium g lass substrate 

is manufactured by at least going through a polishi ng step of polishing 

the main surface of a glass blank manufactured by t he method of 

manufacturing a glass blank for a magnetic recordin g medium glass 

substrate according to the present invention. 

[0148] Note that the phrase "magnetic recording med ium glass 

substrate" herein preferably means a substrate made  of 
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noncrystalline glass, that is, a substrate made of amorphous glass.  

Glass-based substrates are roughly classified into a noncrystalline 

glass substrate and a crystallized glass substrate manufactured 

by crystallizing noncrystalline glass with heat tre atment.  Heat 

treatment for crystallization is, in general, carri ed out at a 

temperature higher than the glass transition temper ature, and hence, 

even if a glass blank having a good flatness or hav ing a small thickness 

deviation is used, glass is deformed by heat treatm ent for 

crystallization and the significance of using a gla ss blank 

diminishes or is lost.  If a noncrystalline glass s ubstrate is 

manufactured, a glass blank is not required to be t reated at high 

temperature.  Therefore, it can be concluded that i t is significant 

to use the glass blank having a good flatness or ha ving a small 

thickness deviation at the time of manufacturing a magnetic recording 

medium glass substrate. 

[0149] When the magnetic recording medium glass sub strate is 

produced, first, scribing is performed on a glass b lank obtained 

by carrying out the press molding.  The scribing re fers to providing 

cutting lines (line-like flaws) like two concentric  circles (an 

inner concentric circle and an outer concentric cir cle) with a scriber 

made of cemented carbide or formed of diamond parti cles on a surface 

of a molded glass blank, in order to process the mo lded glass blank 

into a ring shape having a predetermined size.  Not e that a shear 

mark remaining in the glass blank is localized insi de the inner 

concentric circle.  The glass blank having scribed thereon the two 
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concentric circles is partially heated, and the out side portion 

of the outer concentric circle and the inside porti on of the inner 

concentric circle are removed by virtue of the diff erence in thermal 

expansion of glass, thereby yielding a disk-shaped glass having 

a perfect circle shape.   

[0150] When scribe processing is carried out, if th e roughness 

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 where the roughness of the main surface of  the glass blank 

exceeds 1 µm, a scriber does not follow the irregularities of the 

surface and it may become difficult to provide cutt ing lines uniformly.  

In this case, after the main surface of the glass b lank is made 

smooth, scribing is performed. 

[0151] Next, the scribed glass undergoes shape proc essing.  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 an d inner peripheral 

end portion of the ring-shaped glass are chamfered with a diamond 

grinding stone. 

[0152] Next, the disk-shaped glass undergoes end su rface 

polishing.  In the end surface polishing, the inner  peripheral side 

end surface and outer peripheral side end surface o f the 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 
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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.   

[0153] 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 su rfaces.  A 

machining allowance removed by the first polishing is, for example, 

several µm to about 10 µm.  As a grinding step involving a large 

amount of a machining allowance is not required to be performed, 

flaws, strain, and the like, which are caused by th e grinding step, 

are not generated in the glass.  Thus, the first po lishing step 

involves a small amount of a machining allowance. 

[0154] In the first polishing step and the second p olishing 

step described below, a double-side polishing appar atus is used.  

The double-side polishing apparatus is an apparatus  for carrying 

out polishing with polishing pads by relatively mov ing a disk-shaped 

glass and the polishing pads.  The double-side poli shing apparatus 

includes a polishing carrier fitting portion having  an internal 

gear and a sun gear which are each rotationally dri ven at a 

predetermined rotation rate and also includes an up per surface plate 

and a lower surface plate which are rotationally dr iven in opposite 

directions to each other with the polishing carrier  fitting portion 

being sandwiched by both the plates.  On each surfa ce facing a 

disk-shaped glass of the upper surface plate and lo wer surface plate, 
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the polishing pads described below are attached.  E ach polishing 

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. 

[0155] The each polishing carrier holds a plurality  of 

disk-shaped glasses.  The upper surface plate is mo vable in the 

vertical direction and presses each polishing pad o nto the front 

and back main surfaces of each disk-shaped glass.  Then, while a 

slurry (polishing liquid) containing polishing abra sive grains 

(polishing material) is being supplied, the disk-sh aped glass and 

the polishing pad move relatively owning to the pla netary gear motion 

of the polishing carrier and the phenomenon that th e upper surface 

plate and the lower surface plate rotate in opposit e directions 

to each other.  As a result, the front and back mai n surfaces of 

each disk-shaped glass is polished.  Note that, in the first polishing 

step, a hard resin polisher, for example, is used a s the polishing 

pad and cerium oxide abrasive grains, for example, are used as the 

polishing material. 

[0156] Next, the disk-shaped glass after the first polishing 

is subjected to chemical strengthening.  It is poss ible to use a 

molten salt of potassium nitrate or the like as a c hemical 

strengthening solution.  In the chemical strengthen ing, the 

chemical strengthening solution is heated to, for e xample, 300°C 

to 400°C, and a cleaned glass is pre-heated to, for  example, 200°C 

to 300°C and then immersed in the chemical strength ening solution 
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for, for example, 3 hours to 4 hours.  The immersio n is preferably 

performed under a state in which a plurality of gla sses 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 under go chemical 

strengthening. 

[0157] Each glass is immersed in the chemical stren gthening 

solution, as described above, and as a result, sodi um ions in the 

surface layers of the glass are substituted by pota ssium ions each 

having a relatively large ion radius in the chemica l strengthening 

solution, respectively, forming a compressive stres s layer with 

a thickness of about 50 to 200 µm.  Thus, the glass is strengthened 

and is provided with good impact resistance.  Note that the glass 

having undergone chemical strengthening treatment i s cleaned.  For 

example, the glass is cleaned with sulfuric acid an d then cleaned 

with pure water, isopropyl alcohol (IPA), or the li ke. 

[0158] Next, the 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 µm.   

[0159] The purpose of the second polishing is to fi nish 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 
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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 are, for example, used as the polishing 

material.   

[0160] 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.  The second polishing yields  a glass substrate 

for a magnetic disk having a flatness in main surfa ce 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. 

[0161] 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 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" may be adopted.  Note th at if the routing 

1 is adopted, surface irregularities that may be pr oduced by the 

chemical strengthening step are not removed, and he nce more preferred 
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is the routing of the first polishing step, the che mical strengthening 

step, and the second polishing step. 

[0162] [Method of manufacturing magnetic recording medium] 

 A method of manufacturing a magnetic recording med ium according 

to an embodiment of the present invention is charac terized 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 glas s substrate 

manufactured by the method of manufacturing a magne tic recording 

medium glass substrate according to the present inv ention. 

[0163] A magnetic recording medium is also called, for example, 

a magnetic disk or a hard disk, and is suitable for  internal storages 

(such as fixed disks) for desk top computers, serve r computers, 

notebook computers, mobile computers, and the like,  internal 

storages for portable recording and reproducing dev ices used for 

recording and reproducing images and/or sounds, rec ording and 

reproducing devices for in-car audio systems, and t he like. 

[0164] The magnetic recording medium has, for examp le, a 

configuration in which at least an adherent layer, an undercoat 

layer, a magnetic layer (magnetic recording layer),  a protective 

layer, and a lubricant layer are laminated on the m ain surface of 

a substrate sequentially, starting from the layer c lose the main 

surface.  For example, a magnetic recording medium glass substrate 

is introduced into a film-forming apparatus in whic h pressure is 

reduced, and each layer from the adherent layer to the magnetic 
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layer is sequentially formed on the main surface of  the magnetic 

recording medium glass substrate in an Ar atmospher e by using a 

DC magnetron sputtering method.  There can be used,  for example, 

CrTi as the adherent layer, and, for example, CrRu as the undercoat 

layer.  After the above-mentioned film formation, t he protective 

layer is formed with C 2H4 by using, for example, a CVD method, and 

then, nitriding treatment including introducing nit rogen into the 

surface is carried out in the same chamber, thereby  being able to 

form the magnetic recording medium.  After that, fo r example, 

polyfluoropolyether (PFPE) is applied on the protec tive layer by 

a dip coating method, thereby being able to form th e lubricant layer. 

[0165] As described previously, it is preferred to form a 

magnetic recording layer from a high Ku magnetic ma terial for the 

purpose of attaining higher density recording in a magnetic recording 

media.  Exemplified as a preferred magnetic materia l in view of the 

foregoing are an Fe-Pt-based magnetic material and a Co-Pt-based 

magnetic material.  Note that the term "-based" her ein means 

"including."  That is, the magnetic recording mediu m obtained by 

the method of manufacturing a magnetic recording me dium according 

to an embodiment of the present invention preferabl y has a magnetic 

recording layer including Fe and Pt, or Co and Pt, as a magnetic 

recording layer.  Although the film-forming tempera ture of a 

magnetic material which has been widely used conven tionally, such 

as a Co-Cr-based magnetic material, is about 250 to  300°C, the 

film-forming temperature of each of the Fe-Pt-based  magnetic 
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material and the Co-Pt-based magnetic material is g enerally as high 

a temperature as more than 500°C.  Further, those m agnetic materials 

are generally subjected to high-temperature heat tr eatment 

(annealing) at a temperature exceeding each of thei r film-forming 

temperatures after film formation so that the magne tic materials 

have crystal orientation property.  Thus, when a ma gnetic recording 

layer is formed by using the Fe-Pt-based magnetic m aterial or the 

Co-Pt-based magnetic material, a magnetic recording  medium glass 

substrate is exposed to the above-mentioned high te mperature.  In 

this case, if glass forming the magnetic recording medium glass 

substrate has poor heat resistance, the glass subst rate deforms 

and its flatness is impaired.  In contrast, the mag netic recording 

medium glass substrate forming the magnetic recordi ng medium 

obtained by the method of manufacturing a magnetic recording medium 

according to an embodiment of the present invention  has excellent 

heat resistance.  Thus, the magnetic recording medi um glass 

substrate can maintain its high flatness even after  the magnetic 

recording layer is formed by using the Fe-Pt-based magnetic material 

or the Co-Pt-based magnetic material.  The above-me ntioned magnetic 

recording layer can be formed by, for example, form ing the Fe-Pt-based 

magnetic material or the Co-Pt-based magnetic mater ial into a film 

in an Ar atmosphere by using a DC magnetron sputter ing method, and 

then performing heat treatment at a higher temperat ure in a heating 

furnace. 

[0166] By the way, a magnetocrystalline anisotropy energy 
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constant (Ku) is in proportion to a magnetic coerci ve force Hc.  

The magnetic coercive force Hc represents the stren gth of a magnetic 

field causing magnetization reversal.  As described  previously, 

because a high Ku magnetic material has resistance to thermal 

fluctuation, the degradation of a magnetized region  caused by thermal 

fluctuation is unlikely to occur even if its magnet ic particles 

are microparticulated, and hence the high Ku magnet ic material is 

known as a material suitable for attaining high den sity recording.  

However, Ku and Hc have a proportional relationship  to each other 

as described above, and hence, as Ku increases, Hc also increases, 

that is, magnetization reversal caused by a magneti c head is unlikely 

to occur and writing information becomes difficult.   Accordingly, 

attention has been paid in recent years to a record ing method in 

which, when information is written by a recording m agnetic head, 

the magnetic head instantly applies energy to a dat a-writing area 

to decrease a magnetic coercive force, thereby assi sting the 

magnetization reversal of a high Ku magnetic materi al.  Such 

recording method is called an energy-assisted recor ding method.  

In particular, a recording method in which magnetiz ation reversal 

is assisted by irradiation of laser light is called  a heat-assisted 

recording method, and a recording method in which m agnetization 

reversal is assisted by irradiation of a microwave is called a 

microwave-assisted recording method.  As described previously, it 

becomes possible to form a magnetic recording layer  by using a high 

Ku magnetic material according to the method of man ufacturing a 
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magnetic recording medium according to an embodimen t of the present 

invention.  Thus, by combining the high Ku magnetic  material and 

the energy-assisted recording, it is possible to re alize high density 

recording at, for example, a surface recording dens ity of more than 

one terabyte/square inches.  Note that the heat-ass isted recording 

method is described in detail in, for example, IEEE  TRANSACTIONS 

ON MAGNETICS, VOL. 44, No. 1, JANUARY 2008 119, and  the 

microwave-assisted recording method is described in  detail in, for 

example, IEEE TRANSACTIONS ON MAGNETICS, VOL. 44, N o. 1, JANUARY 

2008 125, respectively.  The energy-assisted record ing can be 

performed according to any of those methods describ ed in the 

literature in the method of producing a magnetic re cording medium 

according to an embodiment of the present invention  as well. 

[0167] The dimensions of the magnetic recording med ium glass 

substrate (such as magnetic disk substrate) and the  dimensions of 

the magnetic recording medium (such as magnetic dis k) are not 

particularly limited.  However, because high record ing density can 

be attained, the medium and the substrate can be do wnsized.  For 

example, the substrate and the medium are suitable as a magnetic 

disk substrate and a magnetic disk, respectively, e ach having a 

nominal diameter of 2.5 inches and moreover, are su itable as those 

each having a smaller diameter (such as 1 inch). 

 

Examples 

[0168] Hereinafter, the present invention is descri bed in more 
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detail based on examples, but the present invention  is not limited 

to the following examples. 

[0169] <Glass composition and physical properties> 

 Materials such as oxides, carbonates, nitrates, an d hydroxides 

were weighed and mixed enough, yielding each blende d material, so 

that glasses No. 1 to 13 listed in Tables 1 to 5 ar e obtained.  Each 

blended material was fed into a melting tank in a g lass melting 

furnace, was heated, and was melt.  The resultant m olten glass was 

transferred from the melting tank to a fining tank,  and bubbles 

were removed in the fining tank.  Further, the molt en glass was 

transferred to an operation tank, was stirred and h omogenized in 

the operation tank, and was caused to flow out from  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 in each step, 

the temperature and viscosity of the glass were eac h kept in an 

optimal state.  The molten glass flowing out from t he glass effluent 

pipe was cast into a mold and molded into glass.  T he resultant glass 

was used as a sample to measure its characteristics  described below.  

A method of measuring the respective characteristic s mentioned 

below. 

[0170] 

(1) Glass transition temperature Tg, thermal expans ion 

coefficient 

 The glass transition temperature Tg and the averag e linear 
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expansion coefficient α at 100 to 300°C of each glass were measured 

by using a thermomechanical analyzer (TMA). 

(2) Young's modulus 

 The Young's modulus of each glass was measured by an ultrasonic 

method. 

(3) Specific gravity 

 The specific gravity of each glass was measured by  an 

Archimedean method. 

(4) Specific elastic modulus 

 The specific elastic modulus of each glass was cal culated based 

on the above-mentioned Young's modulus obtained in the item (2) 

and the above-mentioned specific gravity obtained i n the item (3). 

(5) 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.). 

 Tables 1 to 7 show the composition and characteris tics of each 

glass. 
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[0171] [Table 1] 

 
No. 1 No. 2 No. 3 

mol% mass% mol% mass% mol% mass% 

Composition  

SiO 2 66.2 62.4 62.0 59.8 65.4 61.2 

Al 2O3 0.5 0.8 0.4 0.7 0.4 0.6 

B2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Li 2O 0.0 0.0 0.0 0.0 0.0 0.0 

Na2O 3.3 3.2 3.2 3.2 3.3 3.2 

K2O 6.2 9.2 4.4 6.6 6.2 9.1 

Cs2O 0.0 0.0 0.0 0.0 0.0 0.0 

MgO 6.5 4.1 9.6 6.2 6.5 4.1 

CaO 12.5 11.0 15.6 14.0 12.5 10.9 
SrO 0.0 0.0 0.0 0.0 0.0 0.0 

BaO 0.0 0.0 0.0 0.0 0.0 0.0 
ZnO 0.0 0.0 0.0 0.0 0.0 0.0 

ZrO2 4.8 9.3 4.8 9.5 5.7 10.9 

TiO 2 0.0 0.0 0.0 0.0 0.0 0.0 

La2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Y2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Yb2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Ta2O5 0.0 0.0 0.0 0.0 0.0 0.0 

Nb2O5 0.0 0.0 0.0 0.0 0.0 0.0 

HfO2 0.0 0.0 0.0 0.0 0.0 0.0 

Total 100.0 100.0 100.0 100.0 100.0 100.0 

SiO 2+Al 2O3+B2O3 66.7 63.2 62.4 60.5 65.8 61.8 

Li 2O+Na2O+K2O+Cs2O 9.5 12.4 7.6 9.8 9.5 12.3 

Na2O+K2O 9.5 12.4 7.6 9.8 9.5 12.3 

(Na 2O+K2O)/(Li 2O+Na2O
+K2O+Cs2O) 

1.0 1.0 1.0 1.0 1.0 1.0 

MgO+CaO+SrO+BaO 19.0 15.1 25.2 20.2 19.0 15.0 
MgO+CaO 19.0 15.1 25.2 20.2 19.0 15.0 

SrO+BaO 0.0 0.0 0.0 0.0 0.0 0.0 
(MgO+CaO)/(MgO+CaO+ 

SrO+BaO) 
1.0 1.0 1.0 1.0 1.0 1.0 

Al 2O3/(MgO+CaO) 0.026 0.065 0.016 0.071 0.021 0.049 

Al 2O3/CaO 0.040 0.073 0.026 0.050 0.032 0.055 

AmOn 4.8 9.3 4.8 9.5 5.7 10.9 

ZrO2/A mOn 1.0 1.0 1.0 1.0 1.0 1.0 

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2. 
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[0172] [Table 2] 

 
No. 4 No. 5 No. 6 

mol% mass% mol% mass% mol% mass% 

Composition 

SiO 2 60.2 59.4 64.8 60.8 63.6 59.5 

Al 2O3 0.4 0.7 0.4 0.7 0.4 0.7 

B2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Li 2O 0.0 0.0 0.0 0.0 0.0 0.0 

Na2O 3.2 3.3 1.1 1.1 4.3 4.1 

K2O 3.3 5.1 7.8 11.4 1.1 1.6 

Cs2O 0.0 0.0 0.0 0.0 1.1 4.7 

MgO 11.7 7.8 7.5 4.8 5.2 3.3 

CaO 17.5 16.2 13.6 11.9 19.6 17.1 
SrO 0.0 0.0 0.0 0.0 0.0 0.0 

BaO 0.0 0.0 0.0 0.0 0.0 0.0 
ZnO 0.0 0.0 0.0 0.0 0.0 0.0 

ZrO2 3.7 7.5 4.8 9.3 4.7 9.0 

TiO 2 0.0 0.0 0.0 0.0 0.0 0.0 

La2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Y2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Yb2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Ta2O5 0.0 0.0 0.0 0.0 0.0 0.0 

Nb2O5 0.0 0.0 0.0 0.0 0.0 0.0 

HfO2 0.0 0.0 0.0 0.0 0.0 0.0 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

SiO 2+Al 2O3+B2O3 60.6 60.1 65.2 61.5 64.0 60.2 

Li 2O+Na2O+K2O+Cs2O 6.5 8.4 8.9 12.5 6.5 10.4 

Na2O+K2O 6.5 8.4 8.9 12.5 5.4 5.7 

(Na 2O+K2O)/(Li 2O+Na2O
+K2O+Cs2O) 

1.0 1.0 1.0 1.0 0.8 0.5 

MgO+CaO+SrO+BaO 29.2 24.0 21.1 16.7 24.8 20.4 
MgO+CaO 29.2 24.0 21.1 16.7 24.8 20.4 

SrO+BaO 0.0 0.0 0.0 0.0 0.0 0.0 

（MgO+CaO)/(MgO+CaO+ 
SrO+BaO) 

1.0 1.0 1.0 1.0 1.0 1.0 

Al 2O3/(MgO+CaO) 0.014 0.083 0.019 0.056 0.016 0.123 

Al 2O3/CaO 0.023 0.043 0.029 0.059 0.020 0.041 

AmOn 3.7 7.5 4.8 9.3 4.7 9.0 

ZrO2/A mOn 1.0 1.0 1.0 1.0 1.0 1.0 

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2. 
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[0173] [Table 3] 

 
No. 7 No. 8 No. 9 

mol% mass% mol% mass% mol% mass% 

Composition  

SiO 2 57.6 55.9 65.5 61.8 65.9 62.0 

Al 2O3 2.1 3.5 0.4 0.6 0.9 1.4 

B2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Li 2O 0.0 0.0 0.0 0.0 0.0 0.0 

Na2O 3.2 3.2 4.4 4.3 3.3 3.2 

K2O 2.8 4.3 6.1 9.0 6.1 9.0 

Cs2O 0.0 0.0 0.0 0.0 0.0 0.0 

MgO 11.8 7.7 6.4 4.1 6.5 4.1 

CaO 17.7 16.0 12.4 10.9 12.5 11.0 
SrO 0.0 0.0 0.0 0.0 0.0 0.0 

BaO 0.0 0.0 0.0 0.0 0.0 0.0 
ZnO 0.0 0.0 0.0 0.0 0.0 0.0 

ZrO2 4.8 9.5 4.8 9.3 4.8 9.3 

TiO 2 0.0 0.0 0.0 0.0 0.0 0.0 

La2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Y2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Yb2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Ta2O5 0.0 0.0 0.0 0.0 0.0 0.0 

Nb2O5 0.0 0.0 0.0 0.0 0.0 0.0 

HfO2 0.0 0.0 0.0 0.0 0.0 0.0 

Total 100.0 100.1 100.0 100.0 100.0 100.0 

SiO 2+Al 2O3+B2O3 59.7 59.4 65.9 62.4 66.8 63.4 

Li 2O+Na2O+K2O+Cs2O 6.0 7.5 10.5 13.3 9.4 12.2 

Na2O+K2O 6.0 7.5 10.5 13.3 9.4 12.2 

(Na 2O+K2O)/(Li 2O+Na2O
+K2O+Cs2O) 

1.0 1.0 1.0 1.0 1.0 1.0 

MgO+CaO+SrO+BaO 29.5 23.7 18.8 15.0 19.0 15.1 
MgO+CaO 29.5 23.7 18.8 15.0 19.0 15.1 

SrO+BaO 0.0 0.0 0.0 0.0 0.0 0.0 

（MgO+CaO)/(MgO+CaO+ 
SrO+BaO) 

1.0 1.0 1.0 1.0 1.0 1.0 

Al 2O3/(MgO+CaO) 0.071 0.467 0.021 0.048 0.047 0.115 

Al 2O3/CaO 0.119 0.219 0.032 0.059 0.072 0.127 

AmOn 4.8 9.5 4.8 9.3 4.8 9.3 

ZrO2/A mOn 1.0 1.0 1.0 1.0 1.0 1.0 

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2. 
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[0174] [Table 4] 

 
No. 10 No. 11 

mol% mass% mol% mass% 

Composition 

SiO 2 64.0 57.7 63.0 54.8 

Al 2O3 4.0 6.1 4.0 5.9 

B2O3 0.0 0.0 0.0 0.0 

Li 2O 1.0 0.4 0.0 0.0 

Na2O 6.5 6.0 4.0 3.6 

K2O 1.5 2.1 5.0 6.8 

Cs2O 0.0 0.0 0.0 0.0 

MgO 0.0 0.0 0.0 0.0 
CaO 16.0 13.4 13.0 10.5 
SrO 0.0 0.0 0.0 0.0 
BaO 3.0 6.9 3.0 6.6 
ZnO 0.0 0.0 0.0 0.0 

ZrO2 4.0 7.4 4.0 7.2 

TiO 2 0.0 0.0 4.0 4.6 

La2O3 0.0 0.0 0.0 0.0 

Y2O3 0.0 0.0 0.0 0.0 

Yb2O3 0.0 0.0 0.0 0.0 

Ta2O5 0.0 0.0 0.0 0.0 

Nb2O5 0.0 0.0 0.0 0.0 

HfO2 0.0 0.0 0.0 0.0 

Total 100.0 100.0 100.0 100.0 

SiO 2+Al 2O3+B2O3 68.0 63.8 67.0 60.7 

Li 2O+Na2O+K2O+Cs2O 9.0 8.5 9.0 10.4 

Na2O+K2O 8.0 8.1 9.0 10.4 

(Na 2O+K2O)/(Li 2O+Na2O+K2O 
+Cs2O) 

0.9 1.0 1.0 1.0 

MgO+CaO+SrO+BaO 19.0 20.3 16.0 17.1 
MgO+CaO 16.0 13.4 13.0 10.5 
SrO+BaO 3.0 6.9 3.0 6.6 

(MgO+CaO)/(MgO+CaO+SrO 
+BaO) 

1.0 1.0 1.0 1.0 

Al 2O3/(MgO+CaO) 0.250 0.753 0.308 0.567 

Al 2O3/CaO 0.250 0.455 0.308 0.562 

AmOn 4.0 7.4 8.0 11.8 

ZrO2/A mOn 1.0 1.0 0.5 0.6 

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2. 
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[0175] [Table 5] 

 
No. 12 No. 13 

mol% mass% mol% mass% 

Composition 

SiO 2 66.6 64.0 60.6 60.5 

Al 2O3 6.3 10.3 9.3 15.7 

B2O3 0.0 0.0 1.0 1.2 

Li 2O 0.0 0.0 9.5 4.7 

Na2O 14.4 14.3 1.7 1.7 

K2O 0.0 0.0 1.1 1.7 

Cs2O 0.0 0.0 0.0 0.0 

MgO 4.5 2.9 13.0 8.7 
CaO 7.2 6.5 0.0 0.0 
SrO 0.0 0.0 0.0 0.0 
BaO 0.0 0.0 0.0 0.0 
ZnO 0.0 0.0 0.0 0.0 

ZrO2 1.0 2.0 0.0 0.0 

TiO 2 0.0 0.0 3.5 4.6 

La2O3 0.0 0.0 0.0 0.0 

Y2O3 0.0 0.0 0.0 0.0 

Yb2O3 0.0 0.0 0.0 0.0 

Ta2O5 0.0 0.0 0.0 0.0 

Nb2O5 0.0 0.0 0.3 1.2 

HfO2 0.0 0.0 0.0 0.0 

Total 100.0 100.0 100.0 100.0 

SiO 2+Al 2O3+B2O3 72.9 74.3 70.9 77.4 

Li 2O+Na2O+K2O+Cs2O 14.4 14.3 12.3 8.1 

Na2O+K2O 14.4 14.3 2.8 3.4 

(Na 2O+K2O)/(Li 2O+Na2O+K2O 
+Cs2O) 

1.0 1.0 0.2 0.4 

MgO+CaO+SrO+BaO 11.7 9.4 13.0 8.7 
MgO+CaO 11.7 9.4 13.0 8.7 
SrO+BaO 0.0 0.0 0.0 0.0 

（MgO+CaO)/(MgO+CaO+SrO 
+BaO) 

1.0 1.0 1.0 1.0 

Al 2O3/(MgO+CaO) 0.538 1.096 0.715 1.805 

Al 2O3/CaO 0.875 1.585 - - 

AmOn 1.0 2.0 3.8 5.8 

ZrO2/A mOn 1.0  1.0  0.0  0.0  

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2. 
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[0176] [Table 6] 

Glass Composition No. No. 1  No. 2  No. 3  No. 4  No. 5  No. 6  No. 7  No. 8  No. 9  No. 10  No. 11  

Characteristics  

Specific gravity 2.7 2.8 2.7 2.8 2.7 2.8 2.8 2.7 2. 7 2.79 2.79 
Glass transition 

temperature  Tg [ºC] 
687 692 698 690 710 701 701 670 689 650 679 

Average linear  
expansion coefficient  

[×10 -7 /ºC] 
79 80 79 80 75 75 79 83 78 80.9 83.3 

Young's modulus  
[GPa] 

82 88 85 90 84 90 93 83 84 86 82.7 

Specific elastic  
modulus [MNm/kg] 

30.4 31 31 32 31 32 33 31 31 30.8 29.6 

Liquidus temperature  
LT [ºC] 

1,180  1,220  1,200  1,300  1,250  1,290  
more 
than 

1,300  
1,220  1,220  - 

1,050o
r less  

 

[0177] [Table 7] 

Glass Composition No.  No. 12 No. 13 

Characteristics  

Specific gravity 2.53 - 
Glass transition 

temperature  Tg [ºC] 
592 589 

Average linear  
expansion coefficient  

[×10 -7 /ºC] 
- - 

Young's modulus  
[GPa] 

77 - 

Specific elastic  
modulus [MNm/kg] 

- 35 

Liquidus temperature  
LT [ºC] 

- - 
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[0178] <Examples A1 to A11 and Comparative Examples  A1 to A13> 

 Each type of glass listed in Table 1 to Table 5 wa s used to 

manufacture a glass blank by the horizontal direct press illustrated 

in FIG. 1 to FIG. 9 or conventional vertical direct  press. 

[0179] —Manufacture of glass blank by horizontal di rect press— 

 Here, when a glass blank was manufactured by the h orizontal 

direct press illustrated in FIG. 1 to FIG. 9, the v iscosity of the 

molten glass flow 20 was adjusted by controlling it s temperature 

so as be constant in the range of 500 to 1,050 dPa ·s.  Further, the 

press mold bodies 52 and 62 and the guide members 5 4 and 64 were 

made of cast iron (FCD).  Note that the press-moldi ng surfaces 52A 

and 62A are smooth surfaces to which mirror finish has been applied 

and also flat surfaces each having a curvature of s ubstantially 

zero.  Further, the differences in height between t he press-molding 

surfaces 52A and 62A and the guide surfaces 54A and  64A, respectively, 

were each set to 0.5 mm.  Further, the arrangement positions of the 

press molds 50 and 60 with respect to the vertical direction were 

adjusted so that the falling distance was kept at a  constant value 

in the range of 100 mm to 200 mm.  In addition, the  time (press-molding 

time) taken from the start of press as illustrated in FIG. 5 until 

the state of the completion of the contact between the guide surface 

54A and the guide surface 64A as illustrated in FIG . 7 was set to 

a constant value in the range of 0.05 second to 0.1  second, and 

press pressure was set to about 6.7 MPa.  Next, whi le the state 

illustrated in FIG. 7 was maintained, the press pre ssure was reduced, 
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and while a state in which the press-molding surfac es 52A and 62A 

were in close contact with the thin flat glass 26 w as kept for about 

several seconds, the thin flat glass 26 was cooled.   Next, the press 

pressure was released and the first press mold 50 a nd the second 

press mold 60 were detached from each other as illu strated in FIG. 

8 and FIG. 9, to thereby demold and take out the th in flat glass 

26, that is, a glass blank. 

[0180] —Manufacture of glass blank by vertical dire ct press— 

 On the other hand, when a glass blank was manufact ured by 

vertical direct press, there was used a press appar atus including 

a rotating table along the outer peripheral edge of  which sixteen 

lower molds were arranged at regular intervals and which rotated 

table rotating in one direction while alternatively  moving and 

stopping for each 22.5° at the time of press.  Furt her, when the 

numbers, P1 to P16, were given to sixteen lower mol d stop positions 

corresponding to the sixteen lower molds arranged o n the outer 

peripheral edge of the rotating table along the rot ating direction 

of the rotating table, the following respective mem bers were arranged 

above the press surface of a lower mold or at a sid e of a lower 

mold at each of the following lower mold stop posit ions. 

· Lower mold stop position P1: molten glass supply a pparatus 

· Lower mold stop position P2: Upper mold 

· Lower mold stop position P4: Upper mold for warpag e-adjusting 

press 

· Lower mold stop position P12: taking-out means (va cuum adsorption 
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apparatus) 

[0181] In the press apparatus, a predetermined amou nt of molten 

glass is supplied onto a lower mold at the lower mo ld stop position 

P1, the molten glass is press-molded into a thin fl at glass with 

the upper mold and the lower mold at the lower mold  stop position 

P2, press is performed again to adjust the warpage of the thin flat 

glass and further improve the flatness of the thin flat glass at 

the lower mold stop position P4, and the resultant thin flat glass 

is taken out at the lower mold stop position P12.  Further, a 

heat-equalizing and cooling step is carried out whe n the lower mold 

moves to the stop positions P2 to P12, and prewarmi ng of the lower 

mold is carried out by using a heater when the lowe r mold moves 

to the stop positions P12 to P16. 

[0182] Here, the pressing time (time during which p ressure is 

applied to glass) and press pressure of the press m olding carried 

out at the lower mold stop position P2 were set to nearly the same 

levels as those in the case of carrying out horizon tal direct press.  

Besides, the material of the upper mold and lower m old, and the 

smoothness and flatness of the press-molding surfac es were also 

set to the same levels as those of the press molds 50 and 60 used 

in the horizontal direct press.  Note that the visc osity of molten 

glass just before being supplied onto a lower mold positioned at 

the lower mold stop position P1 was adjusted by con trolling its 

temperature so as to be constant in the range of 50 0 to 1,050 dPa ·s. 

[0183] —Evaluation— 
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 After 1,000 sheets of glass blanks were continuous ly 

manufactured by press molding, 991st to 1,000th gla ss blanks were 

sampled, and were each measured for its diameter, c ircularity, 

average thickness, thickness deviation, and flatnes s by using a 

three-dimensional shape measuring machine and a mic rometer to 

perform evaluation.  Note that all samples were fou nd to have a 

diameter of 75 mm, a circularity of within ±0.5 mm,  and an average 

thickness of 0.90 mm.  From the results, the diamet er/thickness ratio 

was found to be 83.3.  Further, Table 8 shows the h eat resistance, 

thickness deviation, and flatness of glass, togethe r with Glass 

No. used, various physical properties of glass, the  press method, 

and the temperature of molten glass used for press.   Note that, in 

Examples A1 to A11, glasses selected from Glass No.  1 to Glass No. 

11 were used in the order of increasing Glass No., respectively.  

In addition, glass of No. 12 was used in Comparativ e Example A1, 

glass of No. 13 was used in Comparative Example A2,  and, in Comparative 

Examples A3 to A13, glasses selected from Glass No.  1 to Glass No. 

11 were used in the order of increasing Glass No., respectively.  

Further, in each of Comparative Examples A3 to A13,  melt-bonding 

between the press-molding surface of a lower mold a nd molten glass 

occurred while the 1,000 sheets of glass blanks wer e being 

continuously manufactured by press molding, and hen ce ten glass 

blanks obtained before the occurrence of the melt-b onding were 

sampled. 
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[0184] [Table 8] 

 
Examples A1 to 

A11 

Comparative 
Examples A1 and 

A2 

Comparative 
Examples A3 to 

A13 
Glass No. used 1 to 11 12 and 13 1 to 11 

Press method 
Horizontal 

direct press 
Vertical direct 

press 
Vertical direct 

press 
Temperature of molten glass  [ºC] 1,250 1,250 1,250  

Evaluation 
results 

Heat resistance A E A 
Flatness A C C 
Thickness deviation A B B 

Reference - - 

Melt-bonding 
occurred while 

continuous press 
was being 

performed. 

Note) The "temperature of molten glass" means the t emperature of 

a molten glass flow in the case of horizontal direc t press and means 

the temperature of molten glass just before being s upplied to a 

lower mold in the case of vertical direct press. 

 

[0185] Note that the evaluation criteria for heat r esistance 

and the evaluation method and evaluation criteria f or thickness 

deviation and flatness shown in Table 8 are as desc ribed below. 

[0186] —Heat resistance— 

 The evaluation criteria for heat resistance are as  described 

below. 

A: The glass transition temperature is 650°C or mor e. 

B: The glass transition temperature is 630°C or mor e and less than 

650°C. 

C: The glass transition temperature is 600°C or mor e and less than 

630°C. 

D: The glass transition temperature is less than 60 0°C. 
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[0187] —Thickness deviation— 

 Thicknesses of each glass blank was measured with a micrometer 

at four points of 0°, 90°, 180°, and 270° in the ci rcumferential 

direction on two circles with a radius of 15 mm and  a radius of 

30 mm from the center of the glass blank, thereby d etermining the 

standard deviation of thicknesses at a total of eig ht measuring 

points.  Then, based on the average value of the st andard deviation 

values of 10 samples, evaluation was performed acco rding to the 

following evaluation criteria. 

A: The average value of standard deviation values i s 10 µm or less. 

B: The average value of standard deviation values i s more than 10 

µm. 

[0188] —Flatness— 

 A three-dimensional shape measuring machine (manuf actured by 

COMS Co., Ltd., high-precision three-dimensional sh ape measuring 

system, MAP-3D) was used to determine the flatness of each sample.  

Then, the average value of the flatness values of t en samples was 

evaluated on the basis of the following evaluation criteria. 

A: The average value of flatness values is 4 µm or less. 

B: The average value of flatness values is more tha n 4 µm and 10 

µm or less. 

C: The average value of flatness values is more tha n 10 µm. 

[0189] <Example B1> 

 Glass blanks were manufactured by changing the pre ss-molding 

time to the three levels of 0.2 second ，0.5 second, and 1.0 second 
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in Example A1. 

[0190] <Comparative Example B1> 

 Glass blanks were manufactured in the same manner as that in 

Example A1, except that the press-molding time was changed to the 

three levels of 0.2 second ，0.5 second, and 1.0 second and press 

molds in which two projected streaks were concentri cally provided 

in the press-molding surfaces 52A and 62A were used  as the press 

molds 50 and 60.  Note that the projected streaks a re a ring-shaped, 

convex portion with a diameter of 20 mm and a ring- shaped, convex 

portion with a diameter of 65 mm, each having a hei ght of 0.3 mm.  

Besides, the cross section of each of the projected  streaks has 

a reverse V-shape, and hence V-shaped grooves can b e formed in the 

surface of the glass blank. 

[0191] —Evaluation— 

 After 1,000 sheets of glass blanks were continuous ly 

manufactured by press molding, 3 sheets were arbitr arily sampled 

among 900th to 1,000th glass blanks.  The samples w ere each measured 

for its thickness with a micrometer at the position s of 0°, 90°, 

180°, and 270° in the circumferential direction on two circles with 

a radius of 25 mm and a radius of 60 mm.  Then, the re were determined, 

for each sample, the average value of the thickness  values and the 

thickness deviation at the positions on the circle with a radius 

of 25 mm, and the average value of the thickness va lues and the 

thickness deviation at the positions on the circle with a radius 

of 60 mm.  Further, there was counted the number of  the glass blanks 
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in which cracks occurred when the continuous press molding was carried 

out, and the rate of occurrence of the cracks was e valuated.  Those 

results are shown in Table 9. 

[0192] As shown in Table 9, it was found that the t hickness 

at the inner circle was thinner than that at the ou ter circle and 

the thickness deviation became larger in Comparativ e Example B1 

compared with Example B1.  It was also found that a s the press-molding 

time increased, more cracks were liable to occur.  Note that those 

problems and problem of cracks do not occur when pr ess molds in 

which press-molding surfaces 52A and 62A are each f ormed of a smooth 

surface are used. 
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[0193] [Table 9] 

 
Glass No. 

used 

Glass 
transition 

temperature  
Tg (ºC) 

Molding 
surface 

Press- 
molding  

time (s) 

Sample 
No 

Position at which thickness was measured 

Crack  
Radius of 60 mm Radius of 25 mm 

Both (radius of 25 mm 
and radius of 60 mm)  

Average 
value 
(mm) 

Standard 
deviation  

(mm) 

Average 
value 
(mm) 

Standard 
deviation  

(mm) 

Average 
value 
(mm) 

Standard 
deviation 

(mm) 

Example B1  

No. 1 687 

Without 
projected 

streak 
(flat 

surface) 

0.2 
1 0.913 0.00381 0.898 0.00148 0.906 0.00792 

A 2 0.913 0.00415 0.898 0.00403 0.905 0.00854 
3 0.913 0.00453 0.900 0.00148 0.906 0.00743 

0.5 
1 0.899 0.00071 0.881 0.00218 0.890 0.00939 

A 2 0.920 0.00295 0.907 0.00224 0.914 0.00712 
3 0.902 0.00286 0.880 0.00083 0.891 0.01120 

1 
1 0.907 0.00412 0.893 0.00166 0.900 0.00790 

A 2 0.907 0.00259 0.892 0.00083 0.899 0.00774 
3 0.908 0.00083 0.890 0.00071 0.899 0.00916 

Comparative 
Example B1  

With 
pr ojected 

streaks 

0.2 
1 0.909 0.0044 0.893 0.00171 0.901 0.00897 

A 2 0.909 0.0048 0.893 0.00465 0.901 0.00961 
3 0.909 0.00523 0.895 0.00171 0.902 0.00843 

0.5 
1 0.895 0.00082 0.876 0.00252 0.885 0.01057 

B 2 0.916 0.0034 0.902 0.00258 0.909 0.00811 
3 0.898 0.0033 0.875 0.00096 0.887 0.0125 

1 
1 0.903 0.00476 0.888 0.00191 0.895 0.00894 

C 2 0.903 0.00299 0.887 0.00096 0.895 0.0088 
3 0.904 0.00096 0.885 0.00082 0.895 0.01032 
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[0194] Note that the evaluation criteria for "crack " shown in 

Table 9 are as described below. 

A: The rate of occurrence of cracks is 0%. 

B: The rate of occurrence of cracks is more than 0%  and 3% or less. 

C: The rate of occurrence of cracks is more than 3% . 

[0195] <Example C1> 

 The glass blank manufactured in Example A1 was ann ealed to 

reduce or remove strain.  Next, there was applied s cribe processing 

on a portion that was to serve as the outer periphe ry of a magnetic 

recording medium glass substrate and a portion that  was to serve 

as the inner periphery thereof.  As a result of the  processing, two 

grooves looking like concentric circles are formed outside and 

outside.  Next, by partially heating the portions o n which the scribe 

processing was applied, cracks are caused to occur along the grooves 

produced by the scribe processing, by virtue of the  difference in 

thermal expansion of glass, and the outside portion  of the outer 

concentric circle and the inside portion of the out er concentric 

circle are removed.  As a result, a disk-shaped gla ss having a perfect 

circle shape is yielded. 

[0196] Next, shape processing was applied to the di sk-shaped 

glass by using chamfering or the like and its end s urfaces were 

polished.  Then, after a first polishing is carried  out on the main 

surfaces of the disk-shaped glass, the glass is imm ersed in a chemical 

strengthening solution to perform chemical strength ening.  After 

the chemical strengthening, the glass was sufficien tly cleaned and 
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then subjected to a second polishing.  After the se cond polishing 

step, the disk-shaped glass was cleaned again and a  glass substrate 

for a magnetic disk was manufactured.  The substrat e 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 µm or less, and a main surface 

roughness of 0.2 nm or less.  Thus, a magnetic reco rding medium glass 

substrate having a desired shape was able to be obt ained without 

carrying out the lapping step.   

[0197] <Example D1> 

 The magnetic recording medium glass substrate manu factured 

in Example C1 was used to form an adherent layer, a n undercoat layer, 

a magnetic layer, a protective layer, and a lubrica nt layer in the 

stated order on the main surface of the magnetic re cording medium 

glass substrate, yielding a magnetic recording medi um.  First, a 

film-forming apparatus in which vacuuming had been performed was 

used to form sequentially the adherent layer, the u ndercoat layer, 

and the magnetic layer in an Ar atmosphere by using  a DC magnetron 

sputtering method.  At that time, the adherent laye r was formed by 

using a CrTi target so that an amorphous CrTi layer  having a thickness 

of 20 nm was formed.  Subsequently, a single wafer/ stationary opposed 

film-forming apparatus was used to form a layer hav ing a thickness 

of 10 nm made of amorphous CrRu as the undercoat la yer in an Ar 

atmosphere by using a DC magnetron sputtering metho d.  Further, the 

magnetic layer was formed at a film-forming tempera ture of 400°C 

by using an FePt target or a CoPt target so that an  amorphous FePt 
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layer or an amorphous CoPt layer each having a thic kness of 200 

nm was formed.  After the film formation up to the magnetic layer 

finished, the magnetic recording medium was transfe rred from the 

film-forming apparatus to a heating furnace and ann ealed at a 

temperature of 650 to 700°C. 

[0198] Next, a protective layer made of hydrogenate d carbon 

was formed by a CVD method using ethylene as a mate rial gas.  After 

that, a lubricant layer made using perfluoropolyeth er (PFPE) was 

formed by a dip coating method.  The thickness of t he lubricant layer 

was 1 nm.  The manufacturing steps described above provided a magnetic 

recording medium. 

[0199] [Evaluation of magnetic recording medium gla ss 

substrate (surface roughness and surface waviness)]  

 An atomic force microscope (AFM) was used to obser ve an 

rectangular region of 5 µm×5 µm of the main surface (surface on 

which a magnetic recording layer and the like are l aminated later) 

of each substrate, and there were determined the ar ithmetic average 

of surface roughness Ra measured in the range of 1 µm×1 µm, the 

arithmetic average of surface roughness Ra measured  in the range 

of 5 µm×5 µm, and the arithmetic average of surface waviness W a 

in the wavelengths of 100 µm to 950 µm. 

[0200] The results of each of the magnetic recordin g medium 

glass substrates showed that the arithmetic average  of surface 

roughness Ra measured in the range of 1 µm×1 µm ranged from 0.15 

to 0.25 nm, the arithmetic average of surface rough ness Ra measured 
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in the range of 5 µm×5 µm ranged from 0.12 to 0.15 nm, and the arithmetic 

average of surface waviness Wa in the wavelengths o f 100 µm to 950 

µm was 0.4 to 0.5 nm, and hence those values were in  the range of 

perfectly acceptable values necessary for the magne tic recording 

medium glass substrate to be adopted as a substrate  used for a magnetic 

recording medium. 

[0201] [Evaluation of magnetic recording medium] 

(1) Flatness 

 In general, if a magnetic recording medium has a f latness of 

4 µm or less, the magnetic recording medium can perfor m highly reliable 

recording and reproducing.  A flatness measuring ap paratus was used 

to measure the flatness (distance (difference in he ight) in the 

vertical direction (direction perpendicular to the surface) between 

the highest portion and lowest portion of the surfa ce of a disk) 

of the surface of each magnetic recording medium fo rmed by the 

above-mentioned method.  As a result, all the magne tic recording 

mediums were found to have a flatness of 4 µm or less.  From the 

result, it can be confirmed that even high-temperat ure treatment 

at the time of forming the FePt layer or the CoPt l ayer did not 

cause any significant deformation.  Note that the f latness measuring 

apparatus used is the same apparatus as that used f or measuring 

the flatness in Example A1 and the like and the mea surement conditions 

are also the same. 

[0202] (2) Load/unload test 

 Each magnetic recording medium formed by the above -mentioned 
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method was mounted on a 2.5-inch hard disk drive wh ich rotated at 

a high speed of a rotation number of 5,400 rpm, and  a load/unload 

(hereinafter, referred to as "LUL") test was carrie d out.  The spindle 

of a spindle motor in the above-mentioned hard disk  drive was made 

of stainless steel.  All the magnetic recording med ia had a durability 

of more than 600,000 load/unload cycles.  Further, in general, if 

there occurs deformation due to the difference in t hermal expansion 

coefficient from a spindle material or deflection d ue to high-speed 

rotation in an LUL test, a crash failure or a therm al asperity failure 

is caused in the test.  However, those failures did  not occur in 

any of the magnetic recording media in the test. 

[0203] The results described above show that the ma gnetic 

recording media manufactured by the method of manuf acturing a 

magnetic recording medium according to the present invention are 

capable of performing highly reliable recording and  reproducing.  

The magnetic disks thus manufactured are suitable f or a hard disk 

drive adopting a recording method (heat-assisted re cording method) 

in which magnetization reversal is assisted by irra diation of laser 

light, and a hard disk drive adopting a recording m ethod 

(microwave-assisted recording method) in which magn etization 

reversal is assisted by irradiation of a microwave.  

[0204] [Other glass compositions] 

 Note that, when the horizontal direct press illust rated in 

FIG. 1 to FIG. 9 is carried out in the same manner as that shown 

in Examples A1 to A11 by using a glass (Glass No. 1 4 to No. 63) 
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formed of any of the glass compositions exemplified  in Table 10 

to Table 23 described below, it is also possible to  obtain a glass 

blank having nearly the same levels of heat resista nce, flatness, 

and thickness deviation as the glass blanks in Exam ples A1 to A11. 
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[0205] [Table 10] 

 
No. 14 No. 15 No. 16 

mol% mass% mol% mass% mol% mass% 

Composition  

SiO 2 66.2 62.4 62.0 59.8 65.4 61.2 

Al 2O3 0.5 0.8 0.4 0.7 0.4 0.6 

B2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Li 2O 0.0 0.0 0.0 0.0 0.0 0.0 

Na2O 3.3 3.2 3.2 3.2 3.3 3.2 

K2O 6.2 9.2 4.4 6.6 6.2 9.1 

Cs2O 0.0 0.0 0.0 0.0 0.0 0.0 

MgO 6.5 4.1 9.6 6.2 6.5 4.1 

CaO 12.5 11.0 15.6 14.0 12.5 10.9 
SrO 0.0 0.0 0.0 0.0 0.0 0.0 

BaO 0.0 0.0 0.0 0.0 0.0 0.0 
ZnO 0.0 0.0 0.0 0.0 0.0 0.0 

ZrO2 4.8 9.3 4.8 9.5 5.7 10.9 

TiO 2 0.0 0.0 0.0 0.0 0.0 0.0 

La2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Y2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Yb2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Ta2O5 0.0 0.0 0.0 0.0 0.0 0.0 

Nb2O5 0.0 0.0 0.0 0.0 0.0 0.0 

HfO2 0.0 0.0 0.0 0.0 0.0 0.0 

Total 100.0 100.0 100.0 100.0 100.0 100.0 

SiO 2+Al 2O3+B2O3 66.7 63.2 62.4 60.5 65.8 61.8 

Li 2O+Na2O+K2O+Cs2O 9.5 12.4 7.6 9.8 9.5 12.3 

Na2O+K2O 9.5 12.4 7.6 9.8 9.5 12.3 

(Na 2O+K2O)/(Li 2O+Na2O
+K2O+Cs2O) 

1.0 1.0 1.0 1.0 1.0 1.0 

MgO+CaO+SrO+BaO 19.0 15.1 25.2 20.2 19.0 15.0 
MgO+CaO 19.0 15.1 25.2 20.2 19.0 15.0 

SrO+BaO 0.0 0.0 0.0 0.0 0.0 0.0 

（MgO+CaO)/(MgO+CaO+S
rO+BaO) 

1.0 1.0 1.0 1.0 1.0 1.0 

Al 2O3/(MgO+CaO) 0.026 0.065 0.016 0.071 0.021 0.049 

Al 2O3/CaO 0.040 0.073 0.026 0.050 0.032 0.055 

AmOn 4.8 9.3 4.8 9.5 5.7 10.9 

ZrO2/A mOn 1.0 1.0 1.0 1.0 1.0 1.0 

Characterist
ics 

Specific gravity 2.7 2.8 2.7 
Glass transition 

temperature  Tg [ºC]  
687 692 698 

Average linear 
expansion coefficient  

[×10 -7 /ºC] 
79 80 79 

Young's modulus [GPa]  82 88 85 

Specific elastic 
modulus [MNm/kg] 

30 31 31 

Liquidus temperature  
LT [ºC] 

1,180 1,220 1,200 

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2. 
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[0206] [Table 11] 

 
No. 17 No. 18 No. 19 

mol% mass% mol% mass% mol% mass% 

Composition  

SiO 2 60.2 59.4 64.8 60.9 63.6 59.5 

Al 2O3 0.4 0.7 0.4 0.6 0.4 0.6 

B2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Li 2O 0.0 0.0 0.0 0.0 0.0 0.0 

Na2O 3.2 3.3 1.1 1.1 4.3 4.1 

K2O 3.3 5.1 7.8 11.5 1.1 1.6 

Cs2O 0.0 0.0 0.0 0.0 1.1 4.8 

MgO 11.7 7.8 7.5 4.7 5.2 3.3 

CaO 17.5 16.2 13.6 11.9 19.6 17.1 
SrO 0.0 0.0 0.0 0.0 0.0 0.0 

BaO 0.0 0.0 0.0 0.0 0.0 0.0 
ZnO 0.0 0.0 0.0 0.0 0.0 0.0 

ZrO2 3.7 7.5 4.8 9.3 4.7 9.0 

TiO 2 0.0 0.0 0.0 0.0 0.0 0.0 

La2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Y2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Yb2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Ta2O5 0.0 0.0 0.0 0.0 0.0 0.0 

Nb2O5 0.0 0.0 0.0 0.0 0.0 0.0 

HfO2 0.0 0.0 0.0 0.0 0.0 0.0 

Total 100.0 100.0 100.0 100.0 100.0 100.0 

SiO 2+Al 2O3+B2O3 60.6 60.1 65.2 61.5 64.0 60.1 

Li 2O+Na2O+K2O+Cs2O 6.5 8.4 8.9 12.6 6.5 10.5 

Na2O+K2O 6.5 8.4 8.9 12.6 5.4 5.7 

(Na 2O+K2O)/(Li 2O+Na2O
+K2O+Cs2O) 

1.0 1.0 1.0 1.0 0.8 0.5 

MgO+CaO+SrO+BaO 29.2 24.0 21.1 16.6 24.8 20.4 
MgO+CaO 29.2 24.0 21.1 16.6 24.8 20.4 

SrO+BaO 0.0 0.0 0.0 0.0 0.0 0.0 

（MgO+CaO)/(MgO+CaO+S
rO+BaO) 

1.0 1.0 1.0 1.0 1.0 1.0 

Al 2O3/(MgO+CaO) 0.014 0.083 0.019 0.048 0.016 0.105 

Al 2O3/CaO 0.023 0.043 0.029 0.050 0.020 0.035 

AmOn 3.7 7.5 4.8 9.3 4.7 9.0 

ZrO2/A mOn 1.0 1.0 1.0 1.0 1.0 1.0 

Characterist
ics 

Specific gravity 2.8 2.7 2.8 
Glass transition 

temperature  Tg [ºC]  
690 710 701 

Average linear 
expansion coefficient  

[×10 -7 /ºC] 
80 75 75 

Young's modulus [GPa]  90 84 90 
Specific elastic 
modulus [MNm/kg] 

32 31 32 

Liquidus temperature  
LT [ºC] 

1,300 1,250 1,290 

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2. 
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[0207] [Table 12] 

 
No. 20 No. 21 No. 22 

mol% mass% mol% mass% mol% mass% 

Composition  

SiO 2 57.6 55.8 65.9 62.0 64.1 60.0 

Al 2O3 2.1 3.5 0.9 1.4 0.4 0.7 

B2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Li 2O 0.0 0.0 0.0 0.0 0.0 0.0 

Na2O 3.2 3.2 3.3 3.2 3.3 3.2 

K2O 2.8 4.3 6.1 9.0 6.2 9.0 

Cs2O 0.0 0.0 0.0 0.0 0.0 0.0 

MgO 11.8 7.7 6.5 4.1 6.5 4.1 
CaO 17.7 16.0 12.5 11.0 12.5 11.0 
SrO 0.0 0.0 0.0 0.0 0.0 0.0 
BaO 0.0 0.0 0.0 0.0 0.0 0.0 
ZnO 0.0 0.0 0.0 0.0 0.0 0.0 

ZrO2 4.8 9.5 4.8 9.3 4.8 9.3 

TiO 2 0.0 0.0 0.0 0.0 2.2 2.7 

La2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Y2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Yb2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Ta2O5 0.0 0.0 0.0 0.0 0.0 0.0 

Nb2O5 0.0 0.0 0.0 0.0 0.0 0.0 

HfO2 0.0 0.0 0.0 0.0 0.0 0.0 

Total 100.0 100.0 100.0 100.0 100.0 100.0 

SiO 2+Al 2O3+B2O3 59.7 59.3 66.8 63.4 64.5 60.7 

Li 2O+Na2O+K2O+Cs2O 6.0 7.5 9.4 12.2 9.5 12.2 

Na2O+K2O 6.0 7.5 9.4 12.2 9.5 12.2 

(Na 2O+K2O)/(Li 2O+Na2O+
K2O+Cs2O) 

1.0 1.0 1.0 1.0 1.0 1.0 

MgO+CaO+SrO+BaO 29.5 23.7 19.0 15.1 19.0 15.1 
MgO+CaO 29.5 23.7 19.0 15.1 19.0 15.1 
SrO+BaO 0.0 0.0 0.0 0.0 0.0 0.0 

（MgO+CaO)/(MgO+CaO+Sr
O+BaO) 

1.0 1.0 1.0 1.0 1.0 1.0 

Al 2O3/(MgO+CaO) 0.071 0.467 0.047 0.115 0.021 0.057 

Al 2O3/CaO 0.119 0.219 0.072 0.127 0.032 0.064 

AmOn 4.8 9.5 4.8 9.3 7.0 12.0 

ZrO2/A mOn 1.0 1.0 1.0 1.0 0.7 0.8 

Characteris
tics 

Specific gravity 2.8 2.7 2.7 
Glass transition 

temperature  Tg [ºC]  
701 689 686 

Average linear 
expansion coefficient  

[×10 -7 /ºC] 
79 78 74.6 

Young's modulus [GPa]  93 87 85 
Specific elastic 
modulus [MNm/kg] 

33 31 31 

Liquidus temperature  
LT [ºC] 

less than 1,300  1,220 1,180 

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2.
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[0208] [Table 13] 
 No. 23 No. 24 No. 25 

mol% mass% mol% mass% mol% mass% 

Composition  

SiO 2 67.7  59.4  67.7  58.8  59.7  58.7  

Al 2O3 0.5  0.7  0.5  0.7  0.0  0.0  

B2O3 0.0  0.0  0.0  0.0  0.0  0.0  

Li 2O 0.0  0.0  0.0  0.0  0.0  0.0  

Na2O 3.4  3.1  3.4  3.0  3.2  3.2  

K2O 6.3  8.7  6.3  8.5  3.3  5.1  

Cs2O 0.0  0.0  0.0  0.0  0.0  0.0  

MgO 2.1  1.3  2.1  1.2  11.6  7.6  
CaO 12.8  10.5  12.8  10.4  17.5  16.0  

SrO 0.0  0.0  0.0  0.0  0.0  0.0  
BaO 0.0  0.0  0.0  0.0  0.0  0.0  

ZnO 0.0  0.0  0.0  0.0  0.0  0.0  

ZrO2 4.9  8.9  4.9  8.8  4.7  9.4  

TiO 2 0.0  0.0  0.0  0.0  0.0  0.0  

La2O3 0.0  0.0  0.0  0.0  0.0  0.0  

Y2O3 2.3  7.4  0.0  0.0  0.0  0.0  

Yb2O3 0.0  0.0  0.0  0.0  0.0  0.0  

Ta2O5 0.0  0.0  0.0  0.0  0.0  0.0  

Nb2O5 0.0  0.0  2.3  8.6  0.0  0.0  

HfO2 0.0  0.0  0.0  0.0  0.0  0.0  

Total 100.0  100.0  100.0  100.0  100.0  100.0  

SiO 2+Al 2O3+B2O3 68.2  60.1  68.2  59.5  59.7  58.7  

Li 2O+Na2O+K2O+Cs2O 9.7  11.8  9.7  11.5  6.5  8.3  

Na2O+K2O 9.7  11.8  9.7  11.5  6.5  8.3  

(Na 2O+K2O)/(Li 2O+Na2O
+K2O+Cs2O) 

1.0  1.0  1.0  1.0  1.0  1.0  

MgO+CaO+SrO+BaO 14.9  11.8  14.9  11.6  29.1  23.6  

MgO+CaO 14.9  11.8  14.9  11.6  29.1  23.6  

SrO+BaO 0.0  0.0  0.0  0.0  0.0  0.0  

（MgO+CaO)/(MgO+CaO+S
rO+BaO) 

1.0  1.0  1.0  1.0  1.0  1.0  

Al 2O3/(MgO+CaO) 0.034  0.059  0.034  0.061  0.000  0.000  

Al 2O3/CaO 0.039  0.067  0.039  0.067  0.000  0.000  

AmOn 7.2  16.3  7.2  17.4  4.7  9.4  

ZrO2/A mOn 0.7  0.5  0.7  0.5  1.0  1.0  

Characterist
ics 

Specific gravity 2.8 2.8 2.8 

Glass transition 
temperature  Tg [ºC]  

716 710 696 

Average linear 
expansion coefficient  

[×10 -7 /ºC] 

77.1 75.7 76.6 

Young's modulus [GPa]  86 85 88 

Specific elastic 
modulus [MNm/kg] 

31 30 31.6 

Liquidus temperature  
LT [ºC] 

- - - 

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2. 
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[0209] [Table 14] 

 
No. 26 No. 27 No. 28 

mol% mass% mol% mass% mol% mass% 

Composition  

SiO 2 64.8 60.6 57.9 52.8 71.3 67.0 

Al 2O3 0.4 0.7 0.4 0.7 0.4 0.7 

B2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Li 2O 0.0 0.0 0.0 0.0 0.0 0.0 

Na2O 0.0 0.0 3.1 3.0 3.3 3.2 

K2O 8.9 13.0 3.3 4.7 6.2 9.1 

Cs2O 0.0 0.0 0.0 0.0 0.0 0.0 

MgO 7.5 4.7 8.3 5.1 6.5 4.1 

CaO 13.6 11.8 16.1 13.7 7.5 6.6 
SrO 0.0 0.0 0.0 0.0 0.0 0.0 

BaO 0.0 0.0 2.1 4.9 0.0 0.0 
ZnO 0.0 0.0 0.0 0.0 0.0 0.0 

ZrO2 4.8 9.2 6.7 12.6 4.8 9.3 

TiO 2 0.0 0.0 2.1 2.5 0.0 0.0 

La2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Y2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Yb2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Ta2O5 0.0 0.0 0.0 0.0 0.0 0.0 

Nb2O5 0.0 0.0 0.0 0.0 0.0 0.0 

HfO2 0.0 0.0 0.0 0.0 0.0 0.0 

Total 100.0 100.0 100.0 100.0 100.0 100.0 

SiO 2+Al 2O3+B2O3 65.2 61.3 58.3 53.5 71.7 67.7 

Li 2O+Na2O+K2O+Cs2O 8.9 13.0 6.4 7.7 9.5 12.3 

Na2O+K2O 8.9 13.0 6.4 7.7 9.5 12.3 

(Na 2O+K2O)/(Li 2O+Na2O
+K2O+Cs2O) 

1.0 1.0 1.0 1.0 1.0 1.0 

MgO+CaO+SrO+BaO 21.1 16.5 26.5 23.7 14.0 10.7 
MgO+CaO 21.1 16.5 24.4 18.8 14.0 10.7 

SrO+BaO 0.0 0.0 2.1 4.9 0.0 0.0 

（MgO+CaO)/(MgO+CaO+S
rO+BaO) 

1.0 1.0 0.92 0.79 1.0 1.0 

Al 2O3/(MgO+CaO) 0.019 0.054 0.016 0.091 0.029 0.057 

Al 2O3/CaO 0.029 0.059 0.025 0.051 0.053 0.106 

AmOn 4.8 9.2 8.8 15.1 4.8 9.3 

 ZrO 2/A mOn 1.0 1.0 0.8 0.8 1.0 1.0 

Characteris
tics 

Specific gravity 2.7 2.95 2.6 
Glass transition 

temperature  Tg [ºC]  
727 708 692 

Average linear 
expansion coefficient  

[×10 -7 /ºC] 
77.2 75.5 73.3 

Young's modulus [GPa]  80 94 80 
Specific elastic 
modulus [MNm/kg] 

30 32 30 

Liquidus temperature  
LT [ºC] 

1,300 - - 

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2. 
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[0210] [Table 15] 

 
No. 29 No. 30 No. 31 

mol% mass% mol% mass% mol% mass% 

Composition  

SiO 2 51.7 48.4 65.3 61.4 59.2 56.6 

Al 2O3 3.9 6.2 0.4 0.7 0.4 0.7 

B2O3 0.0 0.0 0.8 0.9 0.0 0.0 

Li 2O 0.0 0.0 0.0 0.0 0.0 0.0 

Na2O 1.6 1.6 3.3 3.2 3.2 3.2 

K2O 9.3 13.6 6.2 9.2 3.3 5.0 

Cs2O 0.0 0.0 0.0 0.0 0.0 0.0 

MgO 14.4 9.0 6.5 4.1 9.5 6.1 

CaO 14.7 12.8 12.6 11.1 15.4 13.7 
SrO 0.0 0.0 0.0 0.0 0.0 0.0 

BaO 0.0 0.0 0.0 0.0 0.0 0.0 
ZnO 0.0 0.0 0.0 0.0 4.3 5.5 

ZrO2 4.4 8.4 4.9 9.4 4.7 9.2 

TiO 2 0.0 0.0 0.0 0.0 0.0 0.0 

La2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Y2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Yb2O3 0.0 0.0 0.0 0.0 0.0 0.0 

Ta2O5 0.0 0.0 0.0 0.0 0.0 0.0 

Nb2O5 0.0 0.0 0.0 0.0 0.0 0.0 

HfO2 0.0 0.0 0.0 0.0 0.0 0.0 

Total 100.0 100.0 100.0 100.0 100.0 100.0 

SiO 2+Al 2O3+B2O3 55.6 54.6 66.5 63.0 59.6 57.3 

Li 2O+Na2O+K2O+Cs2O 10.9 15.2 9.5 12.4 6.5 8.2 

Na2O+K2O 10.9 15.2 9.5 12.4 6.5 8.2 

(Na 2O+K2O)/(Li 2O+Na2O+
K2O+Cs2O) 

1.0 1.0 1.0 1.0 1.0 1.0 

MgO+CaO+SrO+BaO 29.1 21.8 19.1 15.2 24.9 19.8 
MgO+CaO 29.1 21.8 19.1 15.2 24.9 19.8 

SrO+BaO 0.0 0.0 0.0 0.0 0.0 0.0 

（MgO+CaO)/(MgO+CaO+S
rO+BaO) 

1.0 1.0 1.0 1.0 1.0 1.0 

Al 2O3/(MgO+CaO) 0.134 0.408 0.021 0.056 0.016 0.085 

Al 2O3/CaO 0.265 0.484 0.032 0.063 0.026 0.051 

AmOn 4.4 8.4 4.9 9.4 4.7 9.2 

ZrO2/A mOn 1.0 1.0 1.0 1.0 1.0 1.0 

Characterist
ics 

Specific gravity 2.8 2.7 2.9 
Glass transition 

temperature  Tg [ºC]  
692 675 678 

Average linear 
expansion coefficient  

[×10 -7 /ºC] 
89.5 77.8 74.7 

Young's modulus [GPa]  86 83 91 
Specific elastic 
modulus [MNm/kg] 

31 31 32 

Liquidus temperature  
LT [ºC] 

- 1,180 - 

(Note) A mOn means the total content of ZrO 2, TiO 2, La 2O3, Y 2O3, Yb 2O3, 

Ta2O5, Nb 2O5, and HfO 2. 
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[0211] [Table 16] 

 
No. 32 No. 33 No. 34 No. 35 

mol% mol% mol% mol% 

Composition  

SiO 2 64.00 63.00 64.00 64.00 

B2O3 0.00 0.00 0.00 0.00 

Al 2O3 5.00 6.00 5.00 5.00 

Li 2O 1.50 1.50 1.50 1.50 

Na2O 8.50 8.50 8.50 8.50 

K2O 0.00 0.00 0.00 0.00 

MgO 4.00 4.00 10.00 13.00 

CaO 13.00 13.00 7.00 4.00 

SrO 0.00 0.00 0.00 0.00 

BaO 0.00 0.00 0.00 0.00 

ZnO 0.00 0.00 0.00 0.00 

ZrO2 4.00 4.00 4.00 4.00 

TiO 2 0.00 0.00 0.00 0.00 

Y2O3 0.00 0.00 0.00 0.00 

Yb2O3 0.00 0.00 0.00 0.00 

La2O3 0.00 0.00 0.00 0.00 

Gd2O3 0.00 0.00 0.00 0.00 

Nb2O5 0.00 0.00 0.00 0.00 

Ta2O5 0.00 0.00 0.00 0.00 

Total 100.00 100.00 100.00 100.00 

Li 2O+Na2O+K2O 10.00 10.00 10.00 10.00 

Li 2O/Na2O 0.18 0.18 0.18 0.18 

Li 2O/(Li 2O+Na2O+K2O) 0.150 0.150 0.150 0.150 

K2O/(Li 2O+Na2O+K2O) 0.000 0.000 0.000 0.000 

MgO+CaO+SrO 17.00 17.00 17.00 17.00 

 

MgO+CaO 17.00 17.00 17.00 17.00 

Li 2O+Na2O+K2O+MgO+CaO+SrO 27.00 27.00 27.00 27.00 

(MgO+CaO+Li2O)/(Li 2O+Na2O+K2O+MgO+Ca
O+SrO) 

0.685 0.685 0.685 0.685 

ZrO2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+Ta2O5 4.00 4.00 4.00 4.00 

(SiO 2+ZrO2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+
Ta2O5) /(Li 2O+Na2O+K2O) 

7.30 7.30 7.30 7.30 

(ZrO 2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+ 
Ta2O5) /Al 2O3 

0.800 0.667 0.800 0.800 

(MgO+CaO)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000 

Characteris
tics 

Glass transition temperature  Tg (ºC)  633 ≥630 639 650 

Average linear expansion coefficient  
(×10 -7 /ºC) 

(100 to 300ºC) 
77 ≥75 72 70 

Young's modulus (GPa) 87.5 87.8 87.9 88.3 

Specific elastic modulus (MNm/kg) 32.8 32.9 33.3 33 .5 

Specific gravity 2.67 2.67 2.64 2.63 
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[0212] [Table 17] 

 
No. 36 No. 37 No. 38 No. 39 

mol% mol% mol% mol% 

Composition  

SiO 2 60.00 64.00 65.00 65.00 

B2O3 0.00 0.00 0.00 0.00 

Al 2O3 9.00 6.00 6.00 6.00 

Li 2O 1.50 1.50 1.50 1.50 

Na2O 8.50 8.00 8.00 8.00 

K2O 0.00 0.00 0.00 0.00 

MgO 2.00 3.00 2.00 1.00 
CaO 15.00 13.50 13.50 14.50 
SrO 0.00 0.00 0.00 0.00 
BaO 0.00 0.00 0.00 0.00 
ZnO 0.00 0.00 0.00 0.00 

ZrO2 4.00 4.00 4.00 4.00 

TiO 2 0.00 0.00 0.00 0.00 

Y2O3 0.00 0.00 0.00 0.00 

Yb2O3 0.00 0.00 0.00 0.00 

La2O3 0.00 0.00 0.00 0.00 

Gd2O3 0.00 0.00 0.00 0.00 

Nb2O5 0.00 0.00 0.00 0.00 

Ta2O5 0.00 0.00 0.00 0.00 

Total 100.00 100.00 100.00 100.00 

Li 2O+Na2O+K2O 10.00 9.50 9.50 9.50 

Li 2O/Na2O 0.18 0.19 0.19 0.19 

Li 2O/(Li 2O+Na2O+K2O) 0.150 0.158 0.158 0.158 

K2O/(Li 2O+Na2O+K2O) 0.000 0.000 0.000 0.000 

MgO+CaO+SrO 17.00 16.50 15.50 15.50 

 

MgO+CaO 17.00 16.50 15.50 15.50 

Li 2O+Na2O+K2O+MgO+CaO+SrO 27.00 26.00 25.00 25.00 

(MgO+CaO+Li2O)/(Li 2O+Na2O+K2O+MgO+Ca
O+SrO) 

0.685 0.692 0.680 0.680 

ZrO2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+Ta2O5 4.00 4.00 4.00 4.00 

(SiO 2+ZrO2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+
Ta2O5) /(Li 2O+Na2O+K2O) 

7.30 7.79 7.89 7.89 

(ZrO 2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+ 
Ta2O5) /Al 2O3 

0.444 0.667 0.667 0.667 

(MgO+CaO)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000 

Characteris
tics 

Glass transition temperature  Tg (ºC)  658 646 646 651 
Average linear expansion coefficient  

(×10 -7 /ºC) 
(100 to 300ºC) 

74 75 74 74 

Young's modulus (GPa) 88.8 87.6 86.7 86.8 
Specific elastic modulus (MNm/kg) 33.0 32.8 32.6 32 .6 

Specific gravity 2.69 2.67 2.66 2.66 
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[0213] [Table 18] 

 
No. 40 No. 41 No. 42 No. 43 

mol% mol% mol% mol% 

Composition  

SiO 2 65.00 65.00 65.00 64.00 

B2O3 0.00 0.00 0.00 0.00 

Al 2O3 6.00 6.00 6.00 5.00 

Li 2O 1.50 1.50 1.50 1.50 

Na2O 8.00 8.00 8.00 8.50 

K2O 0.00 0.00 0.00 0.00 

MgO 0.00 1.00 0.00 2.00 
CaO 15.50 13.50 13.50 13.00 
SrO 0.00 1.00 2.00 2.00 
BaO 0.00 0.00 0.00 0.00 
ZnO 0.00 0.00 0.00 0.00 

ZrO2 4.00 4.00 4.00 4.00 

TiO 2 0.00 0.00 0.00 0.00 

Y2O3 0.00 0.00 0.00 0.00 

Yb2O3 0.00 0.00 0.00 0.00 

La2O3 0.00 0.00 0.00 0.00 

Gd2O3 0.00 0.00 0.00 0.00 

Nb2O5 0.00 0.00 0.00 0.00 

Ta2O5 0.00 0.00 0.00 0.00 

Total 100.00 100.00 100.00 100.00 

Li 2O+Na2O+K2O 9.50 9.50 9.50 10.00 

Li 2O/Na2O 0.19 0.19 0.19 0.18 

Li 2O/(Li 2O+Na2O+K2O) 0.158 0.158 0.158 0.150 

K2O/(Li 2O+Na2O+K2O) 0.000 0.000 0.000 0.000 

MgO+CaO+SrO 15.50 15.50 15.50 17.00 

 

MgO+CaO 15.50 14.50 13.50 15.00 

Li 2O+Na2O+K2O+MgO+CaO+SrO 25.00 25.00 25.00 27.00 

(MgO+CaO+Li2O)/(Li 2O+Na2O+K2O+MgO+Ca
O+SrO) 

0.680 0.640 0.600 0.611 

ZrO2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+Ta2O5 4.00 4.00 4.00 4.00 

(SiO 2+ZrO2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+
Ta2O5) /(Li 2O+Na2O+K2O) 

7.89 7.89 7.89 7.30 

(ZrO 2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+ 
Ta2O5) /Al 2O3 

0.667 0.667 0.667 0.800 

(MgO+CaO)/(MgO+CaO+SrO) 1.000 0.935 0.871 0.882 

Characteris
tics 

Glass transition temperature  Tg (ºC)  656 645 ≥620 620 
Average linear expansion coefficient  

(×10 -7 /ºC) 
(100 to 300ºC) 

75 74 >70 79 

Young's modulus (GPa) 86.4 87.0 86.7 87.5 

Specific elastic modulus (MNm/kg) 32.4 32.4 32.1 32 .3 

Specific gravity 2.66 2.68 2.70 2.71 
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[0214] [Table 19] 

 
No. 44 No. 45 No. 46 No. 47 

mol% mol% mol% mol% 

Composition  

SiO 2 64.00 64.00 63.00 65.00 

B2O3 0.00 0.00 0.00 0.00 

Al 2O3 5.00 5.00 6.00 6.00 

Li 2O 1.50 1.50 1.00 2.00 

Na2O 8.50 8.50 8.00 6.50 

K2O 0.00 0.00 1.00 1.00 

MgO 4.00 4.00 4.00 1.50 
CaO 13.00 13.00 13.00 14.00 
SrO 0.00 0.00 0.00 0.00 
BaO 0.00 0.00 0.00 0.00 
ZnO 0.00 2.00 0.00 0.00 

ZrO2 2.00 2.00 4.00 4.00 

TiO 2 2.00 0.00 0.00 0.00 

Y2O3 0.00 0.00 0.00 0.00 

Yb2O3 0.00 0.00 0.00 0.00 

La2O3 0.00 0.00 0.00 0.00 

Gd2O3 0.00 0.00 0.00 0.00 

Nb2O5 0.00 0.00 0.00 0.00 

Ta2O5 0.00 0.00 0.00 0.00 

Total 100.00 100.00 100.00 100.00 

Li 2O+Na2O+K2O 10.00 10.00 10.00 9.50 

Li 2O/Na2O 0.18 0.18 0.13 0.31 

Li 2O/(Li 2O+Na2O+K2O) 0.150 0.150 0.100 0.211 

K2O/(Li 2O+Na2O+K2O) 0.000 0.000 0.100 0.105 

MgO+CaO+SrO 17.00 17.00 17.00 15.50 

 

MgO+CaO 17.00 17.00 17.00 15.50 

Li 2O+Na2O+K2O+MgO+CaO+SrO 27.00 27.00 27.00 25.00 

(MgO+CaO+Li2O)/(Li 2O+Na2O+K2O+MgO+Ca
O+SrO) 

0.685 0.685 0.667 0.700 

ZrO2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+Ta2O5 4.00 2.00 4.00 4.00 

(SiO 2+ZrO2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+
Ta2O5) /(Li 2O+Na2O+K2O) 

7.30 7.10 7.30 7.89 

(ZrO 2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+ 
Ta2O5) /Al 2O3 

0.800 0.400 0.667 0.667 

(MgO+CaO)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000 

Characteris
tics 

Glass transition temperature  Tg (ºC)  620 605 650 640 
Average linear expansion coefficient  

(×10 -7 /ºC) 
(100 to 300ºC) 

80 75 81 77 

Young's modulus (GPa) 86.3 85.6 87.5 87.5 

Specific elastic modulus (MNm/kg) 32.8 32.3 32.8 33 .0 

Specific gravity 2.63 2.65 2.66 2.65 
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[0215] [Table 20] 
 No. 48 No. 49 No. 50 No. 51 

mol% mol% mol% mol% 

Composition  

SiO 2 67.00  65.00  65.00  64.00  

B2O3 0.00  0.00  0.00  0.00  

Al 2O3 2.00  3.00  2.00  5.00  

Li 2O 0.50  1.00  1.00  3.00  

Na2O 9.50  9.00  9.00  7.00  

K2O 0.00  1.00  1.00  0.00  

MgO 4.00  1.00  1.00  0.00  
CaO 13.00  15.00  15.00  17.00  
SrO 0.00  0.00  0.00  0.00  
BaO 0.00  0.00  0.00  0.00  
ZnO 0.00  0.00  0.00  0.00  
ZrO2 4.00  5.00  6.00  4.00  

TiO 2 0.00  0.00  0.00  0.00  

Y2O3 0.00  0.00  0.00  0.00  

Yb2O3 0.00  0.00  0.00  0.00  

La2O3 0.00  0.00  0.00  0.00  

Gd2O3 0.00  0.00  0.00  0.00  

Nb2O5 0.00  0.00  0.00  0.00  

Ta2O5 0.00  0.00  0.00  0.00  

Total 100.00  100.00  100.00  100.00  
Li 2O+Na2O+K2O 10.00  11.00  11.00  10.00  

Li 2O/Na2O 0.05  0.11  0.11  0.43  

Li 2O/(Li 2O+Na2O+K2O) 0.050  0.091  0.091  0.300  

K2O/(Li 2O+Na2O+K2O) 0.000  0.091  0.091  0.000  

MgO+CaO+SrO 17.00  16.00  16.00  17.00  
 MgO+CaO 17.00  16.00  16.00  17.00  

Li 2O+Na2O+K2O+MgO+CaO+SrO 27.00  27.00  27.00  27.00  

(MgO+CaO+Li2O)/(Li 2O+Na2O+K2O+MgO+Ca
O+SrO) 

0.648  0.630  0.630  0.741  

ZrO2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+Ta2O5 4.00  5.00  6.00  4.00  

(SiO 2+ZrO2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+
Ta2O5) /(Li 2O+Na2O+K2O) 

7.30  6.64  6.64  7.30  

(ZrO 2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+ 
Ta2O5) /Al 2O3 

2.000  1.667  3.000  0.800  

(MgO+CaO)/(MgO+CaO+SrO) 1.000  1.000  1.000  1.000  

Characteris
tics 

Glass transition temperature  Tg (°C)  630  636  640  622  

Average linear expansion coefficient  
(×10 -7 /°C) 

(100 to 300°C) 

79  83  83  80  

Young's modulus (GPa) 85.0  86.6  87.8  89.0  
Specific elastic modulus (MNm/kg) 32.0  32.1  32.2  33.2  

Specific gravity 2.66  2.70  2.73  2.68  

 



 136

[0216] [Table 21] 

 
No. 52 No. 53 No. 54 No. 55 

mol% mol% mol% mol% 

Composition  

SiO 2 64.00 63.00 64.00 64.00 

B2O3 0.00 0.00 0.00 0.00 

Al 2O3 5.00 4.00 5.00 5.00 

Li 2O 1.50 1.00 1.50 1.50 

Na2O 8.50 8.00 8.50 8.50 

K2O 0.00 0.00 0.00 0.00 

MgO 0.00 2.00 4.00 4.00 
CaO 17.00 18.00 13.00 13.00 
SrO 0.00 0.00 0.00 0.00 
BaO 0.00 0.00 0.00 0.00 
ZnO 0.00 0.00 0.00 0.00 

ZrO2 4.00 4.00 2.00 2.00 

TiO 2 0.00 0.00 0.00 0.00 

Y2O3 0.00 0.00 0.00 2.00 

Yb2O3 0.00 0.00 0.00 0.00 

La2O3 0.00 0.00 0.00 0.00 

Gd2O3 0.00 0.00 0.00 0.00 

Nb2O5 0.00 0.00 2.00 0.00 

Ta2O5 0.00 0.00 0.00 0.00 

Total 100.00 100.00 100.00 100.00 

Li 2O+Na2O+K2O 10.00 9.00 10.00 10.00 

Li 2O/Na2O 0.18 0.13 0.18 0.18 

Li 2O/(Li 2O+Na2O+K2O) 0.150 0.111 0.150 0.150 

K2O/(Li 2O+Na2O+K2O) 0.000 0.000 0.000 0.000 

MgO+CaO+SrO 17.00 20.00 17.00 17.00 

 

MgO+CaO 17.00 20.00 17.00 17.00 

Li 2O+Na2O+K2O+MgO+CaO+SrO 27.00 29.00 27.00 27.00 

(MgO+CaO+Li2O)/(Li 2O+Na2O+K2O+MgO+Ca
O+SrO) 

0.685 0.724 0.685 0.685 

ZrO2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+Ta2O5 4.00 4.00 4.00 4.00 

(SiO 2+ZrO2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+
Ta2O5) /(Li 2O+Na2O+K2O) 

7.30 7.89 7.30 7.30 

(ZrO 2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+ 
Ta2O5) /Al 2O3 

0.800 1.000 0.800 0.800 

(MgO+CaO)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000 

Characteris
tics 

Glass transition temperature  Tg (ºC)  645 646 632 639 
Average linear expansion coefficient  

(×10 -7 /°C) 
(100 to 300°C) 

85 77 78 76 

Young's modulus (GPa) 87.3 88.5 87.4 88.9 

Specific elastic modulus (MNm/kg) 32.5 32.7 32.2 32 .6 

Specific gravity 2.68 2.71 2.71 2.73 
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[0217] [Table 22] 

 
No. 56 No. 57 No. 58 No. 59 

mol% mol% mol% mol% 

Composition  

SiO 2 64.00 64.00 64.00 64.00 

B2O3 0.00 0.00 0.00 0.00 

Al 2O3 5.00 5.00 5.00 5.00 

Li 2O 1.50 1.50 1.50 1.50 

Na2O 8.50 8.50 8.50 8.50 

K2O 0.00 0.00 0.00 0.00 

MgO 4.00 4.00 4.00 4.00 
CaO 13.00 13.00 13.00 13.00 
SrO 0.00 0.00 0.00 0.00 
BaO 0.00 0.00 0.00 0.00 
ZnO 0.00 0.00 0.00 0.00 

ZrO2 2.00 2.00 2.00 2.00 

TiO 2 0.00 0.00 0.00 0.00 

Y2O3 0.00 0.00 0.00 0.00 

Yb2O3 0.00 0.00 2.00 0.00 

La2O3 2.00 0.00 0.00 0.00 

Gd2O3 0.00 2.00 0.00 0.00 

Nb2O5 0.00 0.00 0.00 0.00 

Ta2O5 0.00 0.00 0.00 2.00 

Total 100.00 100.00 100.00 100.00 

Li 2O+Na2O+K2O 10.00 10.00 10.00 10.00 

Li 2O/Na2O 0.18 0.18 0.18 0.18 

Li 2O/(Li 2O+Na2O+K2O) 0.150 0.150 0.150 0.150 

K2O/(Li 2O+Na2O+K2O) 0.000 0.000 0.000 0.000 

MgO+CaO+SrO 17.00 17.00 17.00 17.00 

 

MgO+CaO 17.00 17.00 17.00 17.00 

Li 2O+Na2O+K2O+MgO+CaO+SrO 27.00 27.00 27.00 27.00 

(MgO+CaO+Li2O)/(Li 2O+Na2O+K2O+MgO+Ca
O+SrO) 

0.685 0.685 0.685 0.685 

ZrO2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+Ta2O5 4.00 4.00 4.00 4.00 

(SiO 2+ZrO2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+
Ta2O5) /(Li 2O+Na2O+K2O) 

7.30 7.30 7.30 7.30 

(ZrO 2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+ 
Ta2O5) /Al 2O3 

0.800 0.800 0.800 0.800 

(MgO+CaO)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000 

Characteris
tics 

Glass transition temperature  Tg (ºC)  623 625 641 642 
Average linear expansi on coefficient 

(×10 -7 /ºC) 
(100 to 300ºC) 

80 81 77 74 

Young's modulus (GPa) 87.7 88.4 89.0 89.2 

Specific elastic modulus (MNm/kg) 31.3 31.1 31.0 31 .2 

Specific gravity 2.80 2.84 2.87 2.86 
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[0218] [Table 23] 

 
No. 60 No. 61 No. 62 No. 63 

mol% mol% mol% mol% 

Composition  

SiO 2 62.00 64.00 64.00 64.00 

B2O3 0.00 0.00 0.00 0.00 

Al 2O3 5.00 5.00 5.00 5.00 

Li 2O 0.50 0.50 2.50 1.00 

Na2O 12.50 11.00 8.00 12.50 

K2O 2.00 1.50 0.00 0.00 

MgO 0.00 1.50 2.00 1.50 
CaO 14.00 12.00 14.50 12.00 
SrO 0.00 0.00 0.00 0.00 
BaO 0.00 0.00 0.00 0.00 
ZnO 0.00 0.00 0.00 0.00 

ZrO2 4.00 4.50 4.00 4.00 

TiO 2 0.00 0.00 0.00 0.00 

Y2O3 0.00 0.00 0.00 0.00 

Yb2O3 0.00 0.00 0.00 0.00 

La2O3 0.00 0.00 0.00 0.00 

Gd2O3 0.00 0.00 0.00 0.00 

Nb2O5 0.00 0.00 0.00 0.00 

Ta2O5 0.00 0.00 0.00 0.00 

Total 100.00 100.00 100.00 100.00 

Li 2O+Na2O+K2O 15.00 13.00 10.50 13.50 

Li 2O/Na2O 0.04 0.05 0.31 0.08 

Li 2O/(Li 2O+Na2O+K2O) 0.033 0.038 0.238 0.074 

K2O/(Li 2O+Na2O+K2O) 0.133 0.115 0.000 0.000 

MgO+CaO+SrO 14.00 13.50 16.50 13.50 

 

MgO+CaO 14.00 13.50 16.50 13.50 

Li 2O+Na2O+K2O+MgO+CaO+SrO 29.00 26.50 27.00 27.00 

(MgO+CaO+Li2O)/(Li 2O+Na2O+K2O+MgO+Ca
O+SrO) 

0.500 0.528 0.704 0.537 

ZrO2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+Ta2O5 4.00 4.50 4.00 4.00 

(SiO 2+ZrO2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+
Ta2O5) /(Li 2O+Na2O+K2O) 

4.73 5.65 6.95 5.41 

(ZrO 2+TiO 2+Y2O3+La 2O3+Gd2O3+Nb2O5+ 
Ta2O5) /Al 2O3 

0.800 0.900 0.800 0.800 

(MgO+CaO)/(MgO+CaO+SrO) 1.000 1.000 1.000 1.000 

Characteris
tics 

Glass transition temperature  Tg (ºC)  616 623 617 >600 
Average linear expansion coefficient  

(×10 -7 /ºC) 
(100 to 300ºC) 

98 89 79 >75 

Young's modulus (GPa) 83.1 84.0 88.4 84.4 

Specific elastic modulus (MNm/kg) 31.1 31.5 33.1 31 .8 

Specific gravity 2.67 2.66 2.67 2.65 
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Claims 

 

 [Claim 1] A method of manufacturing a glass blank for a magnetic 

recording medium glass substrate, comprising: 

 manufacturing a glass blank for a magnetic recordi ng medium 

glass substrate by at least press molding a falling  molten glass 

gob with a first press mold and a second press mold  arranged so 

as to face each other in a direction perpendicular to a direction 

in which the molten glass gob falls, 

 wherein: 

 the molten glass gob is formed of a glass material  having a 

glass transition temperature of 600°C or more; and 

 when the press molding is carried out so that the molten glass 

gob is completely extended by pressure and molded i nto a flat glass 

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

press-molding surface of the second press mold, 

 at least a region in contact with the flat glass i n each of 

the press-molding surface of the first press mold a nd the 

press-molding surface of the second press mold form s a substantially 

flat surface. 

 

[Claim 2] A method of manufacturing a glass blank f or a magnetic 

recording medium glass substrate according to claim  1, wherein the 

glass blank for a magnetic recording medium glass s ubstrate has 

an average linear expansion coefficient at 100 to 3 00°C of 70×10 -7 /°C 

or more and a Young's modulus of 70 GPa or more. 
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[Claim 3] A method of manufacturing a glass blank f or a magnetic 

recording medium glass substrate according to claim  1 or 2, wherein: 

 the glass material comprises, as a glass compositi on expressed 

in mol%, 50 to 75% of SiO 2, 0 to 5% of Al 2O3, 0 to 3% of Li 2O, 0 to 

5% of ZnO, 3 to 15% in total of at least one kind o f component selected 

from Na 2O and K 2O, 14 to 35% in total of at least one kind of compo nent 

selected from MgO, CaO, SrO, and BaO, and 2 to 9% i n total of at 

least one kind of component selected from ZrO 2, TiO 2, La 2O3, Y 2O3, 

Yb2O3, Ta 2O5, Nb 2O5, and HfO 2; and 

 a molar ratio {(MgO+CaO)/(MgO+CaO+SrO+BaO)} is in a range of 

0.8 to 1 and a molar ratio {Al 2O3/(MgO+CaO)} is in a range of 0 to 

0.30. 

 

[Claim 4] A method of manufacturing a glass blank f or a magnetic 

recording medium glass substrate according to claim  1 or 2, wherein: 

 the glass material comprises, as a glass compositi on expressed 

in mol%, 56 to 75% of SiO 2, 1 to 11% of Al 2O3, more than 0% and 4% 

or less of Li 2O, 1% or more and less than 15% of Na 2O, and 0% or 

more and less than 3% of K 2O, and is substantially free of BaO; 

 a total content of alkali metal oxides selected fr om the group 

consisting of Li 2O, Na 2O, and K 2O is in a range of 6 to 15%; 

 a molar ratio of a content of Li 2O to a content of Na 2O (Li 2O/Na2O) 

is less than 0.50; 

 a molar ratio of a content of K 2O to the total content of the 

alkali metal oxides {K 2O/(Li 2O+Na2O+K2O)} is 0.13 or less; 

 a total content of  alkaline-earth metal oxides selected from 

the group consisting of MgO, CaO, and SrO is in a r ange of 10 to 
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30%; 

 a total content of MgO and CaO is in a range of 10  to 30%; 

 a molar ratio of the total content of MgO and CaO to the total 

content of the alkaline-earth metal oxides 

{(MgO+CaO)/(MgO+CaO+SrO)} is 0.86 or more; 

 a total content of the alkali metal oxides and the  

alkaline-earth metal oxides is in a range of 20 to 40%;  

 a molar ratio of a total content of MgO, CaO, and Li 2O to the 

total content of the alkali metal oxides and the al kaline-earth 

metal oxides {(MgO+CaO+Li 2O)/(Li 2O+Na2O+K2O+MgO+CaO+SrO) is 0.50 or 

more; 

 a total content of oxides selected from the group consisting 

of ZrO 2, TiO 2, Y 2O3, La 2O3, Gd 2O3, Nb 2O5, and Ta 2O5 is more than 0% 

and 10% or less; and  

 a molar ratio of the total content of the oxides t o a content 

of Al 2O3 {(ZrO 2+TiO 2+Y2O3+La2O3+Gd2O3+Nb2O5+Ta2O5)/Al 2O3} is 0.40 or 

more. 

 

[Claim 5] A method of manufacturing a glass blank f or a magnetic 

recording medium glass substrate according to any o ne of claims 

1 to 4, the method further comprising: 

 manufacturing molten glass by heating and melting a glass 

material prepared so as to have a predetermined gla ss composition; 

and 

 forming the molten glass gob by causing the molten  glass to 

fall from a glass outlet and cutting a forward end portion of a 

molten glass flow continuously flowing out downward  in a vertical 
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direction, 

 wherein a viscosity of the molten glass flow is ke pt at a constant 

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

 

[Claim 6] A method of manufacturing a magnetic reco rding medium 

glass substrate, comprising: 

 manufacturing a glass blank for a magnetic recordi ng medium 

glass substrate by at least press molding a falling  molten glass 

gob with a first press mold and a second press mold  both so as to 

face each other in a direction perpendicular to a d irection in which 

the molten glass gob falls; and 

 manufacturing a magnetic recording medium glass su bstrate by 

at least polishing main surfaces of the glass blank  for a magnetic 

recording medium glass substrate, 

 wherein: 

 the molten glass gob is formed of a glass material  having a 

glass transition temperature of 600°C or more; and 

 when the press molding is carried out so that the molten glass 

gob is completely extended by pressure and molded i nto a flat glass 

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

press-molding surface of the second press mold, 

 at least a region in contact with the flat glass i n each of 

the press-molding surface of the first press mold a nd the 

press-molding surface of the second press mold form s a substantially 

flat surface. 

 

[Claim 7] A method of manufacturing a magnetic reco rding medium, 
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comprising: 

 manufacturing a glass blank for a magnetic recordi ng medium 

glass substrate by at least press molding a falling  molten glass 

gob with a first press mold and a second press mold  both so as to 

face each other in a direction perpendicular to a d irection in which 

the molten glass gob falls; 

 manufacturing a magnetic recording medium glass su bstrate by 

at least polishing main surfaces of the glass blank  for a magnetic 

recording medium glass substrate; and 

 manufacturing a magnetic recording medium by at le ast forming 

a magnetic recording layer on the magnetic recordin g medium glass 

substrate, 

 wherein: 

 the molten glass gob is formed of a glass material  having a 

glass transition temperature of 600°C or more; and 

 when the press molding is carried out so that the molten glass 

gob is completely extended by pressure and molded i nto a flat glass 

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

press-molding surface of the second press mold, 

 at least a region in contact with the flat glass i n each of 

the press-molding surface of the first press mold a nd the 

press-molding surface of the second press mold form s a substantially 

flat surface. 


