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(57) ABSTRACT 

Provided is an optical glass having high-refractivity low 
dispersion properties, having a low glass transition tempera 
ture and having the property of being Softened at a low 
temperature So that a preform therefrom is precision preSS 
moldable, and the optical glass comprises, as essential 
components, BO, La-O, Gd-O and ZnO and has a 
refractive index (nd) of over 1.86, an Abbe's number (vd) of 
less than 35 and a glass transition temperature (Tg) of 630 
C. or lower. 
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OPTICAL GLASS, PRECISION PRESS-MOLDING 
PREFORM, PROCESS FOR PRODUCTION 

THEREOF, OPTICAL ELEMENT AND PROCESS 
FOR THE PRODUCTION THEREOF 

FIELD OF THE INVENTION 

0001. The present invention relates to an optical glass, a 
precision preSS-molding preform formed of the above glass, 
a process for the production of the preform, an optical 
element formed of the above optical glass and a proceSS for 
the production of the optical element. 

TECHNICAL BACKGROUND 

0002. A high-refractivity low-dispersion glass is in great 
demand as a material for optical elements Such as various 
lenses. As a glass having Such optical constants, a dense 
tantalum flint glass TaSF17 is known, which is described in 
“Glass Composition Hand Book” (Hiroshi Ogawa and Shin 
ei Ogawa, issued by Japan Glass Product Industrial Society, 
1991, page 106). 
0003. In recent years, with the rapid spread of digital 
cameras and Video cameras, the demand for glass lenses as 
parts therefor continues to expand. On the other hand, with 
an increase in the number of pixels of imaging device in 
digital cameras, optical elements Such as glass lenses are 
required to have high performances, and it is demanded to 
readily Supply optical elements having high form accuracy. 
0004. As a method for highly productively supplying 
optical elements formed of a glass having high form accu 
racy, a precision press-molding method is known. However, 
conventional glasses such as TaSF17 and NbSF32 have high 
glass transition temperatures and are not Suitable for preci 
Sion press-molding. 

SUMMARY OF THE INVENTION 

0005. It is a first object of the present invention to provide 
an optical glass which overcomes the above problem of the 
conventional glasses, which has a high refractive indeX and 
low dispersion and has a low glass transition temperature 
and which has the property of being Softened at a low 
temperature So that a preform formed therefrom is precision 
preSS-moldable. 

0006. It is a second object of the present invention to 
provide a precision preSS-molding preform formed of the 
above optical glass that accomplishes the above first object, 
and it is a third object of the present invention to provide a 
proceSS for the production thereof. 
0007 Further, it is a fourth object of the present invention 
to provide an optical element formed of the optical glass that 
accomplishes the above first object, and it is a fifth object of 
the present invention to provide a proceSS for the production 
thereof. 

0008 According to the present invention, the above first 
to fifth objects of the present invention are achieved, and 
there are provided; 
0009 (1) an optical glass comprising, as essential com 
ponents, BO, La-O3, Gd2O and ZnO and having a refrac 
tive index (nd) of over 1.86, an Abbe’s number (vd) of less 
than 35 and a glass transition temperature (Tg) of 630° C. or 
lower, 
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0010 (2) an optical glass comprising, by mol %, 

15-45% B2O3, 
5-20% La2O3, 
1-20% Gd2O3, 
10-45% ZnO, 
O-15% WO, 
0-10% Ta2O5, 
0-10% NbOs, 
O-20% TiO, 
O-20% SiO, 
O-15% Li2O, 
0-10% NaO, 
0-10% KO, 
0-10% MgO, 
0-10% CaO, 
0-10% SrO, 
0-10% BaO 
0-8% YOs, 
0-8% YbO, 

0011 provided that the total content of La-O, Gd2O, 
YO, and YbO, is 10 to 30%, 

0-10% ZrO., 
0-10% BiO, and 
0-1% Sb2O3, 

0012 and having a refractive index (nd) of over 1.86, an 
Abbe’s number (vd) of less than 35 and a glass transition 
temperature (Tg) of 630 C. or lower, 
0013 (3) an optical glass comprising, by mol %, 

15-45% BOs, 
5-20% La2O3, 
1-20% Gd2O3, 
10-45% ZnO, 
O-15% WO, 
0-10% Ta2O5, 
0-10% NbOs, 
O-20% TiO, 
O-20% SiO, 
O-15% Li2O, 
0-10% NaO, 
0-10% K-O, 
0-10% MgO, 
0-10% CaO, 
0-10% SrO, 
0-10% BaO 
0-8% Y-Os, 
0-8% YbO, 

0014) provided that the total content of La O, Gdi.O., 
YO, and YbO, is 10 to 30%, 

O-less than 0.5% ZrO2, 
0-10% BiO, and 
0-1% Sb2O3, 

0015 and having a refractive index (nd) of over 1.86, an 
Abbe’s number (vd) of 35 to less than 39.5 and a glass 
transition temperature (Tg) of 630 C. or lower, 
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0016 (4) a precision press-molding preform, which is 
formed of the optical glass recited in any one of the above 
(1) to (3), 
0017 (5) a process for the production of a precision 
preSS-molding preform, which comprises Separating a mol 
ten glass gob having a predetermined weight from a molten 
glass flowing out of a pipe, and Shaping the glass gob into 
a preform formed of the optical glass recited in any one of 
the above (1) to (3), 
0018 (6) a process for the production of a precision 
preSS-molding preform, which comprises forming a shaped 
glass from a molten glass and processing Said shaped glass 
to produce a preform formed of the optical glass recited in 
any one of the above (1) to (3), 
0019 (7) an optical element formed of the optical glass 
recited in any one of the above (1) to (3), 
0020 (8) a process for the production of an optical 
element, which comprises heating the preform recited in the 
above (4) and precision press-molding the preform, 
0021 (9) a process for the production of an optical 
element, which comprises heating the preform produced by 
the process recited in the above (5) or (6) and precision 
preSS-molding the preform, 
0022 (10) a process for the production of an optical 
element as recited in the above (8) or (9), wherein a press 
mold and the preform are heated together and the preform is 
precision preSS-molded with Said preSS mold, and 
0023 (11) a process for the production of an optical 
element as recited in the above (8) or (9), wherein the 
preform pre-heated Separately from a preSS mold is intro 
duced into the press mold pre-heated, and the preform is 
precision preSS-molded. 

EFFECT OF THE INVENTION 

0024. According to the present invention, there can be 
obtained an optical glass which has a high refractive indeX 
and low dispersion and has a low glass transition tempera 
ture and which has the property of being Softened at a low 
temperature So that a preform formed therefrom is precision 
preSS-moldable, and there can be obtained a precision press 
molding preform formed of the above optical glass and an 
optical element which is formed of the above optical glass. 

BRIEF DESCRIPTION OF DRAWINGS 

0.025 FIG. 1 is a schematic drawing of a precision 
preSS-molding apparatus used in Examples of the present 
invention. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

0026. The optical glass of the present invention will be 
explained first. 
0027. The optical glass of the present invention includes 
three embodiments of the optical glass. According to a first 
embodiment of the present invention, the optical glass 
characteristically comprises BO, La-O, Gd2O and ZnO 
as essential components and has a refractive index (nd) of 
over 1.86, an Abbe’s number (vd) of less than 35 and a glass 
transition temperature (Tg) of 630 C. or lower. 
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0028. In the optical glass according to the first embodi 
ment of the present invention, B2O is an essential compo 
nent for constituting a glass network, and La-O and Gd2O 
are essential components for imparting the optical glass with 
high-refractivity low-dispersion properties. When these two 
components are co-present, the glass is more improved in 
stability. 

0029 ZnO is an essential component for imparting the 
glass with the property of being Softened at a low tempera 
ture without decreasing the refractive index. 
0030 The optical glass according to the first embodiment 
of the present invention contains the above essential com 
ponents, So that it has optical properties represented by a 
refractive index (nd) of over 1.86, preferably 1.861 or more 
and an Abbe’s number (vd) of less than 35, preferably 25 to 
less than 35, and that it has high glass Stability and the 
property of being Softened at a low temperature as is Suitable 
for precision preSS-molding, or a glass transition tempera 
ture (Tg) of 630° C. or lower, preferably 620° C. or lower, 
more preferably less than 600 C. 
0031. The optical glass according to a second embodi 
ment of the present invention will be explained below. 

0032. The optical glass according to the second embodi 
ment of the present invention is included in (or a variant of) 
the above optical glass according to the first embodiment of 
the present invention, and the optical glass according to the 
Second embodiment of the present invention comprises, by 
mol %, 

15-45% B2O3, 
5-20% La2O3, 
1-20% Gd2O3, 
10-45% ZnO, 
O-15% WO, 
0-10% Ta2O5, 
0-10% NbOs, 
O-20% TiO, 
O-20% SiO, 
O-15% Li2O, 
0-10% NaO, 
0-10% K-O, 
0-10% MgO, 
0-10% CaO, 
0-10% SrO, 
0-10% BaO 
0-8% Y-Os, 
0-8% YbO, 

0033 provided that the total content of La O3, Gd2O, 
YO, and YbO, is 10 to 30%, 

0-10% ZrO2, 
0-10% BiO, and 
0-1% Sb2O3, 

0034) and has a refractive index (nd) of over 1.86, an 
Abbe’s number (vd) of less than 35 and a glass transition 
temperature (Tg) of 630 C. or lower. 
0035. The reason for the limitation of the compositional 
ranges of the optical glass according to the Second embodi 
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ment of the present invention will be explained bellow. In 
the following explanation, “%” stands for “mol %' unless 
otherwise Specified. 
0036 BO is an essential component for forming the 
glass network. When it is introduced to excess, the refractive 
index (nd) of the glass is decreased, So that the content 
thereof is 15 to 45%. The content of BO is preferably 18 
to 43%, more preferably 20 to 40%. 
0037 La O is an essential component for imparting the 
glass with high-refractivity low-dispersion properties. When 
it is introduced to excess, the Stability of the glass is 
decreased, so that the content thereof is 5 to 20%. The 
content of La O is preferably 6 to 19%, more preferably 7 
to 18%. 

0038 GdO is also an essential component for imparting 
the glass with high-refractivity low-dispersion properties. 
When it is introduced to excess, however, the glass Stability 
is decreased, so that the content thereof is 1 to 20%. AS is 
already explained, Gd2O, being co-present with La O, has 
the effect of improving the glass Stability more than it is 
present alone. The content of Gd-O is preferably 1 to 18%, 
more preferably 1 to 16%. 
0.039 ZnO is an essential component for imparting the 
glass with the property of being Softened at a low tempera 
ture while maintaining the high-refractivity. However, when 
it is introduced to excess, the glass is degraded in Stability, 
so that the content thereof is adjusted to 10 to 45%. The 
content of ZnO is preferably 12 to 43%, more preferably 15 
to 40%. 

0040 WO works to improve the glass stability and 
decrease the liquidus temperature of the glass. However, 
when it is introduced to excess, the glass is degraded in 
stability and is colored, so that the content of WO is 
adjusted to 0 to 15%. The content of WO is preferably 1 to 
15%, more preferably 2 to 13%. 

0041 Ta-O is a component for increasing the refractive 
index of the glass. However, when it is introduced to excess, 
the glass is degraded in Stability, So that the content thereof 
is adjusted to 0 to 10%. The content of Ta-Os is preferably 
0 to 8%, more preferably 0 to 7%. 

0.042 NbO is also a component for increasing the 
refractive index of the glass. However, when it is introduced 
to excess, the glass is degraded in Stability, and the liquidus 
temperature of the glass is increased, So that the content 
thereof is adjusted to 0 to 10%. The content of NbOs is 
preferably 0 to 8%, more preferably 0 to 7%. 

0043. TiO2 is also a component for increasing the refrac 
tive index of the glass. However, when it is introduced to 
excess, the glass is degraded in Stability and is also colored, 
so that the content thereof is adjusted to 0 to 20%. The 
content of TiO is preferably 0 to 19%, more preferably 1 to 
18%. For increasing the refractive index of the glass, the 
total content of WO, Ta-Os, NbOs and TiO is adjusted 
preferably to over 10% by weight, more preferably to 11% 
by weight or more, particularly preferably to 12% by weight 
O OC. 

0044 SiO2 works to improve the glass in stability. How 
ever, when it is introduced to excess, the refractive index of 
the glass is decreased, and the glass transition temperature is 
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increased. The content thereof is therefore adjusted to 0 to 
20%. The content of SiO is preferably 0 to 15%, more 
preferably 0 to 10%. 
0045 For attaining higher refractivity while the glass has 
an Abbe’s number (vd) of less than 35 but satisfies various 
conditions required of the glass, preferably, the molar ratio 
of the content of B.O. to the total content of BO and SiO, 
(BO/(BO +SiO)) is adjusted to from 0.80 to 1.00, more 
preferably to from 0.82 to 1.00. 
0046 LiO highly effectively decreases the glass transi 
tion temperature. However, when it is introduced to excess, 
the refractive index of the glass is decreased, and the glass 
is also degraded in Stability. It is therefore preferred to adjust 
the content of LiO to 0 to 15%. When priority is given to 
imparting the glass with the property of being Softened at a 
low temperature, it is more preferred to adjust the content 
thereof to 0.1 to 15%. Further, when priority is given to the 
property of high refractivity, Li2O may not be introduced. It 
can be therefore determined depending upon purposes 
whether or not LiO is to be introduced. 
0047 Na-O and KO work to improve the glass in 
meltability. However, when they are introduced to excess, 
the glass is degraded in refractivity and Stability, So that the 
content of each of these is adjusted to 0 to 10%. The content 
of each of these is preferably 0 to 8%, more preferably 0 to 
6%. 

0048 MgO, CaO and SrO also work to improve the glass 
in meltability. However, when they are introduced to excess, 
the glass is degraded in refractivity and Stability, So that the 
content of each of these is adjusted to 0 to 10%. The content 
of each of these is preferably 0 to 8%, more preferably 0 to 
6%. 

0049 BaO works to increase the refractive index of the 
glass. However, when it is introduced to excess, the glass is 
degraded in Stability, So that the content thereof is adjusted 
to 0 to 10%. The content of Ba0 is preferably 0 to 8%, more 
preferably 0 to 6%. 

0050 YO and YbO, work to impart the glass with the 
properties of high-refractivity and low-dispersion. However, 
when they are introduced to excess, the glass is degraded in 
stability, so that the content thereof is adjusted to 0 to 8%. 
The content of each of these is preferably 0 to 7%, more 
preferably 0 to 6%. When being co-present with La O, 
YO, and YbO, work to promote the improvement of the 
glass in Stability. 

0051. For imparting the glass with high refractivity but 
impairing no glass Stability, preferably, the total content of 
rare earth oxides in the glass is adjusted to 10 to 30 mol%. 
However, it is preferred to preclude LuC), Since LuC) is 
an expensive component. For imparting the glass with the 
predetermined optical constants and Stability, the total con 
tent of La-O, Gd-O, Y-O and YbO, is adjusted to 10 to 
30%. The above total content is preferably 11 to 28%, more 
preferably 12 to 24%. 

0052 ZrO works to increase the refractive index of the 
glass. However, when it is introduced to excess, the glass is 
degraded in Stability, and the liquidus temperature of the 
glass is increased, So that the content thereof is adjusted to 
0 to 10%. The content of ZrO is preferably 0 to 9%, more 
preferably 0 to 8%. 



US 2005/O197243 A1 

0.053 For maintaining the glass stability and attaining the 
high refractivity of the glass at the same time, preferably, the 
total content of WO, Ta-Os, NbOs, TiO, and ZrO2 is 
adjusted to 2 to 40 mol %, more preferably, to 5 to 35 mol 
%. 

0.054 BiO works to increase the refractive index of the 
glass and improve the glass in Stability. However, when it is 
introduced to excess, the glass is colored, So that the content 
thereof is adjusted to 0 to 10%. The content of BiO is 
preferably 0 to 8%, more preferably 0 to 5%. 

0.055 For achieving the object of the present invention 
and improving the glass more in the above properties, the 
total content of the above glass components including a 
refining agent is adjusted to over 95%, more preferably to 
over 98%, still more preferably to over 99%, and particu 
larly preferably to 100%. 

0056 GeO and GaO work to increase the refractive 
index of the glass and improve the glass in Stability. Since, 
however, they are expensive components, it is preferred to 
adjust the content of each of these to 0 to 10%, more 
preferably to 0 to 1%, and it is still more preferred to 
introduce none of these. 

0057. In addition to the above components, a refining 
agent may be added in a total amount of 0 to 1%. When a 
refining agent is added to excess, the molding Surface of a 
preSS mold, particularly a mold release film, may be dam 
aged during precision press-molding. It is therefore required 
to be careful in adding the refining agent. 

0.058. The refining agent can be selected, for example, 
from SbO or ASO. In View of environmental concerns, it 
is imperative to avoid the use of ASO. The content of 
SbO, is preferably 0 to 1%. 
0059 F can be introduced as well. When a molten glass 
is shaped during melting the glass containing F, however, F 
is volatilized from the glass to cause the occurrence of Striae 
and make the optical constants vary, So that it is preferred not 
to introduce F. 

0060 Besides these, it is imperative to avoid the intro 
duction of PbO in view of its detrimental effects on the 
environment and Since it is reduced to adhere to the molding 
Surface of a press mold during precision press-molding in a 
non-Oxidizing atmosphere. 

0061 Apart from coloring the glass in order to impart the 
glass with the capability of absorbing light having a specific 
wavelength, desirably, Cu, Fe, Cr, etc., are not introduced. 
Desirably, Cd is not introduced. 

0.062. Like the optical glass according to the first embodi 
ment of the present invention, the optical glass according to 
the Second embodiment of the present invention has optical 
properties represented by a refractive index (nd) of over 
1.86, preferably 1.861 or more and an Abbe’s number (vd) 
of less than 35, preferably 25 to less than 35, and it has high 
glass Stability and the property of being Softened at a low 
temperature as is Suitable for precision preSS-molding, or a 
glass transition temperature (Tg) of 630 C. or lower, 
preferably 620 C. or lower, more preferably less than 600 
C. 
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0063. The optical glass according to a third embodiment 
of the present invention comprises, by mol %, 

15-45% B2O3, 
5-20% La2O3, 
1-20% Gd2O3, 
10-45% ZnO, 
O-15% WO, 
0-10% Ta2O5, 
0-10% NbOs, 
O-20% TiO, 
O-20% SiO, 
O-15% Li2O, 
0-10% NaO, 
0-10% KO, 
0-10% MgO, 
0-10% CaO, 
0-10% SrO, 
0-10% BaO 
0-8% Y-Os, 
0-8% YbO, 

0064 provided that the total content of La O, Gdi.O., 
YO, and YbO, is 10 to 30%, 

O-less than 0.5% ZrO2, 
0-10% BiO, and 
0-1% Sb2O3, 

0065 and has a refractive index (nd) of over 1.86, an 
Abbe’s number (vd) of 35 to less than 39.5 and a glass 
transition temperature (Tg) of 630 C. or lower. 
0066. The optical glass according to the third embodi 
ment of the present invention differs from the optical glass 
according to the Second embodiment of the present inven 
tion only in that the content of ZrO2 in the glass composition 
is 0 to less than 0.5 mol%. 

0067 For reasons for limitations to the compositional 
ranges of those oxides other than ZrO in the optical glass 
according to the third embodiment of the present invention, 
it is requested that explanations with regard to the optical 
glass according to the Second embodiment of the present 
invention be referred to. Therefore, only the reason for the 
limitation to the compositional range of ZrO will be dis 
cussed below. 

0068 While ZrO2 is one of components that impart the 
glass with the properties of high-refractivity and low-dis 
persion, it also works to increase the liquidus temperature of 
the glass. 

0069. For obtaining an optical glass having the property 
of relatively low dispersion represented by an Abbe’s num 
ber (vd) of less than 35, it is required to add a large amount 
of rare earth components Such as La-O, Gd-O, and the 
like. The rare earth components Such as La-O, GdO, and 
the like are also components that increase the liquidus 
temperature. When ZrO2 is added to a glass containing a 
large amount of the above rare earth components, the 
liquidus temperature of the glass is further increased, So that 
the Viscosity of the glass during Shaping is decreased, which 
impairs the shapeability. 
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0070). When the Abbe’s number (vd) is required to be less 
than 35, therefore, it is preferred to adjust the content of 
ZrO, to less than 0.5 mol %, and it is more preferred to 
introduce no ZrO. 
0071. The optical glass according to the third embodi 
ment of the present invention has optical properties repre 
sented by a refractive index (nd) of over 1.86, preferably 
1.861 or more and an Abbe’s number (vd) of 35 to less than 
39.5 and has high glass Stability and the property of being 
Softened at a low temperature as is Suitable for precision 
preSS-molding, or a glass transition temperature (Tg) of 630 
C. or lower, preferably 620 C. or lower, more preferably 
less than 600 C. 

0.072 In the optical glass according to any one of the first 
to third embodiments of the present invention, the upper 
limit of the refractive index (nd) is not critical, while the 
upper limit of the refractive index (nd) is preferably 1.92 or 
less for obtaining a glass having excellent Stability. 
0073. The optical glass according to any one of the first 
to third embodiments of the present invention can be pref 
erably used for producing a precision press-molding preform 
and for producing an optical element. 
0.074 The precision press-molding preform of the present 
invention will be explained below. 
0075 The precision press-molding preform (the preform 
for precision press-molding, to be referred to as "preform' 
hereinafter), provided by the present invention, is formed of 
the optical glass according to any one of the first, Second and 
third embodiments of the present invention. 
0.076 The preform is a shaped glass material having a 
weight equivalent to the weight of a preSS-molded product, 
and it has a proper form to which the optical glass is shaped 
depending upon the form of a press-molded product. 
Examples of the form include the form of a sphere, the form 
of an ellipsoid of revolution, and the like. The preform is 
heated So as to have a Viscosity that permits press-molding, 
and then Subjected to press-molding. 
0077. The form of the preform including the above 
ellipsoid of revolution preferably has one axis of rotation 
Symmetry. The above form having one axis of rotation 
Symmetry includes a form having a Smooth contour free of 
any corner or dent in a croSS Section including the above axis 
of rotation Symmetry, Such as a form having the contour of 
an ellipse in which the minor axis corresponds to the axis of 
rotation Symmetry in the above croSS Section. Preferably, 
when one of angles formed by a line connecting any point 
on the contour of a preform in the above croSS Section to the 
center of the gravity of the preform on the axis of revolution 
Symmetry and a tangent line contacting the contour on the 
above point on the contour is taken as 0, and when the above 
point Starts at the axis of revolution Symmetry and moves 
along the contour, the angle 0 monotonously increases from 
90, then decreases monotonously and then decreases 
monotonously to come to be 90 at the other point where the 
contour crosses the axis of revolution Symmetry. 
0078. The above preform may have a thin film such as a 
mold release film on its Surface as required. Examples of the 
mold release film include a carbon-containing film and a 
self-assembled film. The above preform can be press 
molded to give an optical element having the predetermined 
optical constants. 
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0079 The process for the production of a preform, pro 
vided by the present invention, will be explained below. 
0080. The process for the production of a preform, pro 
Vided by the present invention, includes two embodiments 
of the process. The first embodiment of the process com 
prises Separating a molten glass gob having a predetermined 
weight from a molten glass flowing out of a pipe and shaping 
the above glass gob into a preform formed of the optical 
glass according to the first, Second or third embodiment of 
the present invention. 
0081. In the above process, the preform is shaped at a 
Stage when the glass in a molten State is cooled. The glass 
can be shaped into the preform that can be used as Such 
without processing the glass with a machine after the glass 
Solidifies. The above proceSS has advantages that machine 
processing procedures Such as cutting, grinding and polish 
ing are not required. Further, the preform can be shaped as 
a preform having a Smooth Surface. Further, the entire 
Surface is a Surface formed by Solidification of the glass in 
a molten State, So that a Smooth Surface free of fine Scratches 
caused by polishing or latent Scratches can be obtained. 
0082 The preform surface is preferably free of any 
cutting mark called “shear mark'. The Shear mark is gen 
erated when a molten glass flowing out of a pipe is cut with 
a cutting blade. When the Shear mark remains at a Stage after 
the preform is precision preSS-molded, Such a mark portion 
is defective. It is therefore preferred to preclude the shear 
mark at a stage where the preform is shaped. The method for 
Separating a molten glass gob using no cutting blade So that 
no shear mark is formed includes a method in which a 
molten glass is dropped from a flow pipe, or a method in 
which the forward end portion of a molten glass flow from 
a flow pipe is Supported and the Support is removed at a time 
when a molten glass gob having a predetermined weight can 
be separated (to be referred to as "descent-separation 
method”). In the descent-Separation method, the molten 
glass gob is separated at a narrow portion formed between 
the forward end portion and the flow pipe side portion of the 
molten glass flow, and the molten glass gob having a 
predetermined weight can be obtained. Then, while the 
thus-obtained molten glass gob in a Softened State, the 
molten glass gob is shaped into a form Suitable for preSS 
molding, whereby the preform can be obtained. 
0083 Preferably, the thus-separated molten glass gob 
having a predetermined weight is shaped into a preform 
while the gob is caused to float by applying air (gas) pressure 
or while the gob is caused to nearly float So that the contact 
of the gob to a shaping mold is reduced (to be referred to as 
“float-shaping hereinafter). Since the float-shaping can 
decrease a contact between a high-temperature glass and a 
Shaping mold, cracking of the preform can be prevented. 
Further, a preform of which the entire surface is a free 
Surface can be produced. 
0084. The second embodiment of the process comprises 
forming a shaped glass from a molten glass and processing 
the above shaped glass to produce a preform formed of the 
optical glass according to the first, Second or third embodi 
ment of the present invention. 
0085. The above process may employ a constitution in 
which a molten glass is cast into a mold (die) to form a 
shaped glass material formed of the above optical glass and 
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the Shaped glass material is processed with a machine to 
obtain a preform having a predetermined weight. Before 
processed with a machine, the glass may be annealed to fully 
remove Strains So that the glass is not broken. 
0.086. In each of the above embodiments of the process, 
high-quality preforms free of defects Such as devitrification, 
striae, Scratches, breaking, etc., can be produced from a glass 
in a molten State Since the optical glass according to any one 
of the first, second and third embodiments of the present 
invention has high glass Stability. 
0087. The optical element of the present invention will be 
explained below. 
0088. The optical element of the present invention has a 
characteristic feature that it is formed of the optical glass 
according to any one of the first, Second and third embodi 
ments of the present invention. According to the present 
invention, there.can be provided various optical elements 
based on optical properties that the optical glasses according 
to the first to third embodiments of the present invention 
have. Examples of the optical elements include various 
lenses Such as a spherical lens, an aspherical lens, a micro 
lens, etc., a diffraction grating, a lens with a diffraction 
grating, a lens array, a prism, and the like. 
0089. The optical element may be provided with an 
optical thin film Such as an anti-reflection film, a total 
reflection film, a partial reflection film or a film having 
Spectral characteristics as required. 
0090 The process for the production of an optical ele 
ment, provided by the present invention, will be explained 
below. 

0.091 The process for the production of an optical ele 
ment, provided by the present invention, comprises heating 
the above preform and precision press-molding the preform. 
0092. The above precision press-molding is also called 
“mold optics molding” and is well known in this art. That 
Surface of an optical element which transmits, refracts, 
diffracts or reflects light is called “optical-function surface” 
(for example, an aspherical Surface of an aspherical lens or 
a spherical Surface of a spherical lens corresponds to the 
optical-function Surface). According to the precision press 
molding, the optical-function Surface can be formed by 
precisely transferring the molding Surface of a press mold to 
a glass, and the processing procedures with a machine Such 
as grinding, polishing, etc., are not required for finishing the 
optical-function Surface. 
0093. Therefore, the process for the production of an 
optical element, provided by the present invention, is Suit 
able for producing a lens, a lens array, a diffracting grating, 
a prism, etc., and is the most Suitable for highly productively 
producing aspherical lenses. 
0094. According to the process for the production of an 
optical element, provided by the present invention, optical 
elements having the above optical properties can be pro 
duced, each optical glass has a low glass transition tempera 
ture (Tg), and the temperature for the press-molding can be 
therefore decreased, So that damage to the molding Surface 
of a press mold can be reduced and that the lifetime of the 
preSS mold can be increased. Further, Since the glass con 
Stituting the preform has high Stability, the devitrification of 
the glass in re-heating and pressing Steps can be effectively 
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prevented. Further, a Series of Steps Starting at melting of the 
glass and ending with obtaining of a final product can be 
highly productively carried out. 
0095 The press mold for the precision press-molding can 
be selected from known preSS molds, Such as press molds 
that are made, as mold materials, from refractory ceramics 
Such as Silicon carbide, Zirconia, alumina, etc., and have a 
mold release film on the molding Surface of each mold 
material. Of these, a preSS mold made of Silicon carbide is 
preferred. The mold release film can be selected from a 
carbon-containing film, or the like. A carbon film is pre 
ferred in view of durability and a cost. 
0096. In the precision press-molding, desirably, a non 
oxidizing atmosphere is employed as an atmosphere for the 
precision press-molding for maintaining the molding Surface 
of a press mold in an excellent State. The non-Oxidizing gas 
is preferably Selected from nitrogen or a gas mixture of 
nitrogen with hydrogen. 
0097. The precision press-molding for use in the process 
for the production of an optical element in the present 
invention includes two embodiments of the process, and the 
two embodiments will be explained below. 
0.098 (Precision Press-molding 1) 
0099. The process as a first embodiment comprises heat 
ing a press mold and a preform together and pressing the 
preform with the press mold. 
0100. In the precision press-molding 1, preferably, the 
preSS mold and the preform are together heated to a tem 
perature at which the glass constituting the preform exhibits 
a viscosity of 10° to 10' dPa's, followed by precision 
preSS-molding. 

0101 Further, desirably, a precision press-molded prod 
uct is cooled to a temperature at which the above glass 
exhibits a viscosity of 10' dPa's or higher, preferably 10' 
dPa's or higher, more preferably 10' dPa-S or higher before 
it is taken out of the press mold. 
0102 Under the above conditions, the form of molding 
Surface of the preSS mold can be precisely transferred to the 
glass, and a precision press-molded product can be taken out 
of the press mold without any deformation. 
0103) (Precision Press-molding 2) 
0104. The process as a second embodiment comprises 
introducing a preform preheated Separately from a press 
mold into the preheated press mold, and precision preSS 
molding the preform. 

0105. According to the precision press-molding 2, the 
preform is preheated before it is introduced into the press 
mold, So that optical elements free of Surface defects and 
excellent in Surface accuracy can be produced while the 
cycle time can be decreased. 
0106 Preferably, the temperature for preheating the press 
mold is Set at a temperature lower than the temperature for 
preheating the preform. When the temperature for preheat 
ing the press mold is Set at a lower temperature as described 
above, the attrition of the above press mold can be reduced. 
0107. In the precision press-molding 2, preferably, the 
preform is preheated to a temperature at which the glass 
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constituting the preform exhibits a viscosity of 10° dPa-S or 
less, more preferably less than 10° dPa-S. 
0108 Further, preferably, the preform is preheated while 

it is caused to float. Further, more preferably, the preform is 
preheated to a temperature at which the glass constituting 
the preform exhibits a viscosity of 10 to 10° dPa-S, still 
more preferably at least 10 but less than 10° dPa-S. 
0109 Further, preferably, the cooling of the glass is 
Started concurrently with the Start of the pressing or during 
the pressing. 
0110. The temperature of the press mold is adjusted to a 
temperature lower than the temperature employed for pre 
heating the above preform. The temperature of the preSS 
mold can be set approximately at a temperature at which the 
above glass exhibits a viscosity of 10° to 10' dPa-S. 
0111. In the above process, preferably, a precision press 
molded product is taken out of the preSS mold after it is 
cooled to a temperature at which the glass exhibits a 
viscosity of 10° dPa-S or more. 
0112 The optical element obtained by the precision 
preSS-molding is taken out of the preSS mold and gradually 
cooled as required. When the precision press-molded prod 
uct is an optical element Such as a lens, the product is 
Surface-coated with an optical thin film as required. 

EXAMPLES 

0113. The present invention will be further explained 
below with reference to Examples. 
0114. Oxides, hydroxides, carbonates, nitrates, etc., were 
used as corresponding raw materials of each glass, these raw 
materials were weighed So that the composition shown in 
Tables 1 to 3 was obtained after the formation of the glass, 

BO 

La2O3 

Gd2O 

ZnO 

WO, 

Ta2Os 

NbOs 

TiO, 

SiO, 

LiO 

YbO, 

ZrO. 

Total 
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and these raw materials were fully mixed. Then, the mixture 
was poured into a platinum crucible and melted with Stirring 
in an electric furnace in a temperature range of 1,200 to 
1,250 C. in atmosphere for 2 to 4 hours. A homogenized 
and refined glass melt was cast into a 40x70x15 mm mold 
made of carbon, and a cast glass was gradually cooled to a 
transition temperature. Immediately thereafter it was placed 
in an annealing furnace, and annealed at a temperature 
around the transition temperature for 1 hour, and in the 
annealing furnace, it was gradually cooled to room tempera 
ture. In this manner, optical glasses were obtained. The 
optical glasses shown in Tables 1 and 2 correspond to the 
optical glass according to the first or Second embodiment of 
the present invention, and the glasses shown in Table 3 
correspond to the optical glass according to the third 
embodiment of the present invention. 
0.115. When the thus-obtained glasses were magnified 
and observed through a microScope, neither precipitation of 
a crystal nor a residual non-melted material was observed. 
0116. The obtained optical glasses were measured for a 
refractive index (nd), an Abbe’s number (vd), a glass tran 
Sition temperature (Tg) and a Sag temperature as follows, 
and Tables 1 to 3 show the results. 

0117 (1) Refractive index (nd) and Abbe's number 
(vd) 

0118 Optical glass obtained at a gradually cooling rate of 
-30 C./hour was measured. 

0119 (2) Glass transition temperature (Tg) and sag 
temperature (Ts) 

0120 Measured with a thermo-mechanical analyzer Sup 
plied by Rigaku Corporation at a temperature elevation rate 
of 4 C./minute. 

TABLE 1. 

No. 

1. 2 3 4 5 

mol % 34.88 36.43 34.88 33.33 31.78 
wt % 17.38 18.74 17.23 15.95 14.75 
mol % 13.95 13.18 10.85 10.85 10.85 
wt % 32.53 31.72 25.09 24.31 23.57 
mol % 3.10 2.33 6.2O 7.75 9.30 
wt % 8.04 6.23 15.95 1932 22.48 
mol % 32.56 23.26 32.56 32.56 32.56 
wt % 1896 13.98 1880 1822 17.67 
mol % 9.30 9.30 9.30 9.30 9.30 
wt % 15:43 15.93 15.31 1483 14.38 
mol % O.OO O.OO O.OO O.OO O.OO 
wt % O.OO O.OO O.OO O.OO O.OO 
mol % 3.10 3.10 3.10 3.10 3.10 
wt % 5.90 6.09 5.85 5.67 5.50 
mol % 3.10 1240 3.10 3.10 3.10 
wt % 1.77 7.32 1.76 1.70 1.65 
mol % O.OO O.OO O.OO O.OO O.OO 
wt % O.OO O.OO O.OO O.OO O.OO 
mol % O.OO O.OO O.OO O.OO O.OO 
wt % O.OO O.OO O.OO O.OO O.OO 
mol % O.OO O.OO O.OO O.OO O.OO 
wt % O.OO O.OO O.OO O.OO O.OO 
mol % O.OO O.OO O.OO O.OO O.OO 
wt % O.OO O.OO O.OO O.OO O.OO 

mol % 1OOOO 1OOOO 1OOOO 1OOOO 1OOOO 
wt % 1OOOO 1OOOO 1OOOO 1OOOO 1OOOO 
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TABLE 3-continued 

No. 

12 13 14 15 16 

ZnO mol % 32.56 29.92 27.20 24.39 29.92 
wt % 1955 16.81 15.20 13.55 17.96 

WO mol % 9.30 9.45 9.6O 9.76 9.45 
wt % 15.91 15.13 15.28 15.44 16.16 

Ta-Os mol % O.OO O.OO O.OO O.OO O.OO 
wt % O.OO O.OO O.OO O.OO O.OO 

NbOs mol % 3.10 3.15 3.2O 3.25 3.15 
wt % 6.08 5.78 5.84 5.90 6.18 

TiO, mol % 3.10 3.15 3.2O 3.25 3.15 
wt % 1.83 1.74 1.75 1.77 186 

SiO, mol % O.OO O.OO O.OO O.OO O.OO 
wt % O.OO O.OO O.OO O.OO O.OO 

LiO mol % O.OO O.OO O.OO O.OO 1.57 
wt % O.OO O.OO O.OO O.OO O.35 

YbO, mol % O.OO O.OO O.OO O.OO O.OO 
wt % O.OO O.OO O.OO O.OO O.OO 

ZrO mol % O.OO O.OO O.OO O.OO O.OO 
wt % O.OO O.OO O.OO O.OO O.OO 

Total mol%. 100.00 1OO.OO 1OOOO 1OO.OO 1OOOO 
wt % 1OOOO 1OO.OO 1OOOO 1OO.OO 1OOOO 

(A)x mol % 15.51 18.90 19.20 19.52 15.75 
wt % 37.90 43.51 43.96 44.41 38.49 

Tg ( C.) 567 57.7 581 588 559 
Ts ( C.) 6O7 618 623 629 599 

ind 18619 18806 18747 18691 18587 
wd 35.2 35.1 35.4 35.6 35.5 

*(A) represents a total content of La2O5, Gd2O3. Y.O.s and YbOs. 

0123. As shown in Tables 1 to 3, all the optical glasses 
had predetermined refractive indexes, Abbe's numbers and 
glass transition temperatures, exhibited the property of being 
excellently Softened at a low temperature and excellent 
meltability and were Suitable as optical glasses for precision 
preSS-molding. 

0.124. A refined and homogenized molten glass corre 
sponding to any one of the above optical glasses was caused 
to flow out of a pipe formed of platinum that was tempera 
ture-adjusted to a temperature range in which stable flow of 
the glass was permitted without causing the devitrification of 
the glass. A molten glass gob having an intended preform 
weight was separated by a dropping method or a descent 
Separation method and received with a receiving Support 
having a gas ejection port in a bottom thereof, and the 
molten glass gob was shaped into a preform while it was 
caused to float by ejecting a gas from the gas ejection port. 
Intervals at which the molten glass was separated were 
adjusted and Set, whereby spherical preforms and com 
pressedly Spherical preforms were obtained. The weight of 
each preform accurately corresponded to the predetermined 
weight value, and each preform had a Smooth Surface. 

0.125 Separately, further, each molten glass was cast into 
a mold to form a plate-like glass, and the plate like glass was 
annealed and then cut. The thus-obtained pieces were 
ground and polished to give preforms whose Surfaces were 
all Smooth. 

0.126 The above-obtained preforms whose surfaces were 
formed by Solidification of the optical glasses in a molten 
State and the above-obtained preforms obtained by polishing 
their Surfaces were precision press-molded with a pressing 
apparatus shown in FIG. 1, to give aspherical lenses. 
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17 18 

32.56 26.77 
1940 15.75 
9.30 6.30 

15.79 10.56 
O.OO 1.57 
O.OO S.O.3 
3.10 1.57 
6.04 3.03 
3.10 6.30 
1.81 3.64 
O.OO 3.15 
O.OO 1.37 
O.OO 1.57 
O.OO O34 
1.60 O.OO 
4.50 O.OO 
O.OO O.OO 
O.OO O.OO 

1OO.OO 1OOOO 
1OO.OO 1OOOO 
15.56 17.32 
38.41 42.47 
569 582 
609 630 

18603 18636 
35.4 35.7 

Specifically, a preform 4 was placed between a lower mold 
member 2 and an upper mold member 1 of a preSS mold 
having the upper mold member 1, the lower mold member 
2 and a sleeve member 3, and then a nitrogen atmosphere 
was introduced into a quartz tube 11. A heater 12 was 
electrically powered to heat an inside of the quartz tube 11. 
The temperature inside the preSS mold was set at a tempera 
ture at which each glass to be precision preSS-molded 
exhibited a viscosity of 10 to 10' dPa-S, and while such a 
temperature was maintained, a pressing rod 13 was caused 
to move downward to press the preform set in the mold. The 
pressing was carried out at a pressure of 8 MPa for 30 
Seconds. After the pressing, the pressing preSSure was 
released, and while the preSS-molded glass product was in 
contact with the lower mold member 2 and the upper mold 
member 1, it was gradually cooled to a temperature at which 
the glass exhibited a viscosity of 10° dPa-S or more. Then, 
the product was rapidly cooled to room temperature, and the 
product was taken out of the press mold, to give an aspheri 
cal lens. The thus-obtained aspherical lenses were lenses 
having remarkably high Surface accuracy. 
0127. The aspherical lenses obtained by the precision 
preSS-molding were provided with an antireflection film as 
required. 
0128. The same preforms as the above preforms were 
precision preSS-molded according to another process. Spe 
cifically, in this process, a preform was preheated to a 
temperature at which the glass constituting the preform 
exhibited a viscosity of 10 dPa-S while the preform was 
caused to float. On the other hand, a press mold having an 
upper mold member, a lower mold member and a sleeve 
member was heated up to a temperature at which the above 
glass exhibited a viscosity of 10° to 10' dPa-S, and the 
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preheated preform was introduced into the cavity of the 
preSS mold to carry out precision preSS-molding of the 
preform. The pressing pressure was set at 10 MPa. Upon 
Start of the pressing, cooling of the glass and the press mold 
was started, and the cooling was continued until the molded 
glass had a viscosity of 10° dpa's or more. Then, a molded 
product was taken out of the mold to give an aspherical lens. 
The thus-obtained aspherical lenses were lenses having 
remarkably high Surface accuracy. 
0129. The aspherical lenses obtained by the precision 
preSS-molding were provided with an antireflection film as 
required. 

0130. In the above manner, optical elements formed of 
optical glasses having excellent climate resistance and hav 
ing high internal quality were highly productively and 
highly accurately produced. 

INDUSTRIALUTILITY 

0131 According to the present invention, there can be 
obtained optical glasses having high-refractivity low-disper 
Sion properties, having a low glass transition temperature 
and having the property of being Softened at a low tempera 
ture So that a preform therefrom is precision preSS-moldable, 
and there can be produced preforms for precision press 
molding and optical elements Such as various lenses, and the 
like from the above optical glasses. 

1. An optical glass comprising, as essential components, 
BO, La-O, Gd2O and ZnO and having a refractive indeX 
(nd) of over 1.86, an Abbe's number (vd) of less than 35 and 
a glass transition temperature (Tg) of 630 C. or lower. 

2. An optical glass comprising, by mol %, 

15-45% B2O3, 
5-20% La2O3, 
1-20% Gd2O3, 
10-45% ZnO, 
O-15% WO, 
0-10% Ta2Os, 
0-10% NbOs, 
O-20% TiO, 
O-20% SiO, 
O-15% LiO, 
0-10% NaO, 
0-10% KO, 
0-10% MgO, 
0-10% CaO, 
0-10% SrO, 
0-10% BaO 
0-8% Y-Os, 
0-8% YbO, 

provided that the total content of La O, Gd, O, Y-O and 
YbO, is 10 to 30%, 

0-10% ZrO., 
0-10% BiO, and 
0-1% Sb2O3, 

and having a refractive index (nd) of over 1.86, an Abbe’s 
number (vd) of less than 35 and a glass transition 
temperature (Tg) of 630 C. or lower. 
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3. An optical glass comprising, by mol %, 

15-45% B2O3, 
5-20% La2O3, 
1-20% Gd2O3, 
10-45% ZnO, 
O-15% WO, 
0-10% Ta2O5, 
0-10% NbOs, 
O-20% TiO, 
O-20% SiO, 
O-15% Li2O, 
0-10% NaO, 
0-10% KO, 
0-10% MgO, 
0-10% CaO, 
0-10% SrO, 
0-10% BaO 
0-8% YOs, 
0-8% YbO, 

provided that the total content of La O, Gd2O, Y-O and 
YbO, is 10 to 30%, 

O-less than 0.5% ZrO2, 
0-10% BiO, and 
0-1% Sb2O3, 

and having a refractive index (nd) of over 1.86, an Abbe’s 
number (vd) of 35 to less than 39.5 and a glass 
transition temperature (Tg) of 630 C. or lower. 

4. A precision press-molding preform, which is formed of 
the optical glass recited in claim 1. 

5. A process for the production of a precision press 
molding preform, which comprises Separating a molten 
glass gob having a predetermined weight from a molten 
glass flowing out of a pipe, and Shaping the glass gob into 
a preform formed of the optical glass recited in claim 1. 

6. A process for the production of a precision press 
molding preform, which comprises forming a shaped glass 
from a molten glass and processing Said shaped glass to 
produce a preform formed of the optical glass recited in 
claim 1. 

7. An optical element formed of the optical glass recited 
in claim 1. 

8. A proceSS for the production of an optical element, 
which comprises heating the preform recited in claim 4 and 
precision preSS-molding the preform. 

9. A process for the production of an optical element, 
which comprises heating the preform produced by the 
process recited in claim 5 and precision preSS-molding the 
preform. 

10. The process for the production of an optical element 
as recited in claim 8, wherein a preSS mold and the preform 
are heated together and the preform is precision press 
molded with said press mold. 

11. The proceSS for the production of an optical element 
as recited in claim 8, wherein the preform pre-heated Sepa 
rately from a press mold is introduced into the preSS mold 
pre-heated, and the preform is precision press-molded. 


