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(57) ABSTRACT 

An optical glass Whose refractive index is high and Whose 
coloring is decreased comprising, by Weight %, 2 to 45% of 
B203, 0 to 30% of SiO2 provided that the content of 
B2O3>the content of SiO2, 10 to 50% of La2O3, 0 to 30% of 
TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 35% of 
Nb2O5, 0 to 35% of BaO, 0 to 5% of SrO, 0% or more but 
less than 8% of CaO, 0% or more but less than 13% of Mgo, 
provided that the total content of BaO, SrO, CaO and MgO 
is 0 to 40%, 0 to 20% of Gd2O3, 0 to 15% ofY2O3, 0 to 18% 
of Ta2O5, 0% or more but less than 0.5% of W03, 0% or 
more but less than 1.5% of a total of NaZO, K20 and LiZO, 
0 to 10% of GeO2, 0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 
0 to 10% of A1203, 0% or more but less than 2% of Sb2O3 
and 0 to 1% of SnO2. 
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OPTICAL GLASS, PRESS-MOLDING GLASS GOB 
AND OPTICAL ELEMENT 

FIELD OF THE INVENTION 

[0001] The present invention relates to an optical glass, a 
press-rnolding glass gob (a glass gob for press-rnolding) and 
an optical element. More speci?cally, the present invention 
relates to an optical glass Whose refractive index is high and 
Whose coloring is decreased, a press-rnolding glass gob 
formed of the optical glass and an optical element formed of 
the optical glass. 

TECHNICAL BACKGROUND 

[0002] In recent years, With the Wide spread of digital 
cameras, srnall lenses are increasingly dernanded. A high 
refractivity glass is suitable as an optical glass material for 
producing such small lenses. HoWever, any conventional 
glass has a disadvantage that the coloring tendency of the 
glass is increasingly intensi?ed With an increase in refractive 
index. Particularly, a digital camera uses CCD as an image 
sensing device, and it therefore has a problem that the 
sensitivity to blue on the short Wavelength side out of three 
primary colors is attenuated When an entire irnage-sensing 
unit is taken into account. JP-A-53-4023 discloses a high 
refractivity loW-dispersion optical glass as a glass for use in 
the above ?eld. The problem With this glass is that it is 
required to use expensive HfO2. 

SUMMARY OF THE INVENTION 

[0003] Under the circumstances, it is an object of the 
present invention to provide an optical glass Whose refrac 
tive index is high and Whose coloring is decreased, a 
press-rnolding glass gob formed of the above optical glass 
and an optical element formed of the above optical glass. 

[0004] For achieving the above object, the present inven 
tor has made diligent studies and as a result has found that 
the above object can be achieved by an optical glass having 
a speci?c glass composition. The present invention has been 
completed on the basis of the above ?nding. 

[0005] That is, the subject matters of the present invention 
are as folloWs. 

[0006] (1) An optical glass cornprising, by Weight %, 2 to 
45% of B203, 0 to 30% of SiO2 provided that the content of 
B2O3>the content of SiO2, 10 to 50% of La2O3, 0 to 30% of 
TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 35% of 
Nb2O5, 0 to 35% of BaO, 0 to 5% of SrO, 0% or more but 
less than 8% of CaO, 0% or more but less than 13% of MgO, 
provided that the total content of BaO, SrO, CaO and MgO 
is 0 to 40%, 0 to 20% of Gd2O3, 0 to 15% ofY2O3, 0 to 18% 
of Ta2O5, 0% or more but less than 0.5% of W03, 0% or 
more but less than 1.5% of a total of NaZO, K20 and LiZO, 
0 to 10% of GeO2, 0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 
0 to 10% of A1203, 0% or more but less than 2% of Sb2O3 
and 0 to 1% of SnO2. 

[0007] (2) The optical glass of above (1), Which has an 
refractive index (nd) of 1.8 to 2.1 and an Abbe’s nurnber (vd) 
of 20 to 40. 

[0008] (3) The optical glass of above (1), Which contains 
2 to 45% of B203, 0 to 30% of SiO2, provided that the 
content of B2O3>the content of SiO2, 10 to 50% of La2O3, 

Sep. 22, 2005 

0 to 30% of TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 
35% of Nb2O5, 0 to 35% of BaO, 0 to 5% of SrO, 0% or 
more but less than 8% of CaO, 0% or more but less than 13% 
of MgO, provided that the total content of BaO, SrO, CaO 
and MgO is 0 to 40%, 0 to 20% of Gd2O3, 0 to 15% ofY2O3, 
0 to 18% of Ta2O5, 0% or more but less than 0.5% of W03, 
0% or more but less than 1.5% of a total of NaZO, K20 and 
LiZO, 0 to 10% of GeO2, 0 to 20% of Bi2O3, 0 to 10% of 
Yb2O3, 0 to 10% of A1203, 0% or more but less than 2% of 
Sb2O3 and 0 to 1% of SnO2, and has a refractive index of 
more than 1.86 but up to 2.1, Wherein the optical glass 
exhibits K70 at 460 nrn or less. 

[0009] (4) The optical glass of above (1), Which contains 
2 to 45% of B203, 0 to 30% of SiO2, provided that the 
content of B2O3>the content of SiO2, 10 to 50% of La2O3, 
0 to 30% of TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 
35% of Nb2O5, 0 to 35% of BaO, 0% or more but less than 
2% of SrO, 0% or more but less than 8% of CaO, 0% or 
more but less than 13% of MgO, provided that the total 
content of BaO, SrO, CaO and MgO is 0 to 40%, 0 to 20% 
of Gd2O3, 0 to 15% ofY2O3, 0 to 18% ofTa2O5, 0% or more 
but less than 0.5% of W03, 0% or more but less than 1.5% 
of a total of NaZO, K20 and LiZO, 0 to 10% of GeO2, 0 to 
20% of Bi2O3, 0 to 10% of Yb2O3, 0 to 10% of A1203, 0% 
or more but less than 2% of Sb2O3 and 0 to 1% of SnO2, and 
has a refractive index of 1.8 to 1.86, Wherein the optical 
glass exhibits K70 at 460 nrn or less. 

[0010] (5) The optical glass of above (1), Which contains 
2 to 45% of B203, 0 to 30% of SiO2, provided that the 
content of B2O3>the content of SiOZ), 10 to 50% of La2O3, 
0 to 30% of TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 
35% of Nb2O5, 0 to 35% of BaO, 0% or more but less than 
1% of SrO, 0% or more but less than 8% of CaO, 0% or 
more but less than 13% of MgO, provided that the total 
content of BaO, SrO, CaO and MgO is 0 to 40%, 0 to 20% 
of Gd2O3, 0 to 15% ofY2O3, 0 to 18% ofTa2O5, 0% or more 
but less than 0.5% of W03, 0% or more but less than 1.5% 
of a total of NaZO, K20 and LiZO, 0 to 10% of GeO2, 0 to 
20% of Bi2O3, 0 to 10% of Yb2O3, 0 to 10% of A1203, 0% 
or more but less than 2% of Sb2O3 and 0 to 1% of SnO2, and 
has a refractive index of 1.8 to 2.1, Wherein the optical glass 
exhibits K70 at 460 nrn or less. 

[0011] (6) The optical glass of above (1), Which contains 
2 to 45% of B203, 0 of 30% of SiO2, provided that the 
content of B2O3>the content of SiO2, 10 to 50% of La2O3, 
0 to 30% of TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 
35% of Nb2O5, 0 to 35% of BaO, 0 to 0.8% of SrO, 0 to 7% 
of CaO, 0 to 12% of MgO, provided that the total content of 
BaO, SrO, CaO and MgO is 0 to 40%, 0 to 20% of Gd2O3, 
0 to 15% of Y2O3, 0 to 18% of Ta2O5, 0 to 0.4% of W03, 
0 to 1.2% of a total of NaZO, K20 and LiZO, 0 to 10% of 
GeO2, 0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 0 to 10% of 
A1203, 0 to 1.8% of Sb2O3 and 0 to 1% of SnO2, Wherein the 
optical glass exhibits K70 at 460 nrn or less. 

[0012] (7) The optical glass of above (1), Which contains 
2 to 45% of B203, 0 to 30% of SiO2, provided that the 
content of B2O3>the content of SiOZ), 10 to 50% of La2O3, 
0 to 30% of TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 
35% of Nb2O5, 0 to 35% of BaO, 0% or more but less than 
1% of SrO, 0% or more but less than 8% of CaO, 0% or 
more but less than 13% of MgO, provided that the total 
content of BaO, SrO, CaO and MgO is 0 to 40%, 0 to 20% 
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of Gd2O3, 0% or more but less than 2% of Y2O3, 0 to 18% 
of Ta2O5, 0% or more but less than 0.5% of W03, 0% or 
more but less than 1.5% of a total of NaZO, K20 and LiZO, 
0 to 10% of GeO2, 0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 
0 to 10% of A1203, 0% or more but less than 2% of Sb2O3 
and 0 to 1% of SnO2. 

[0013] (8) The optical glass of above (7), Which contains 
3 to 24% of B203, 0 to 18% of SiO2, provided that the 
Weight ratio of the content of B2O3/the content of SiO2 is at 
least 1.1 or that no SiO2 is contained, 18 to 47% of La2O3, 
0 to 26% of TiO2, 0 to 12% of ZnO, 0 to 10% of ZrO2, 0 to 
30% of Nb2O5, 0 to 32% of BaO, 0 to 10% of Gd2O3 and 
0 to 4% of Yb2O3. 

[0014] (9) The optical glass of above (7) or (8), Which 
contains 1 to 5% of ZnO. 

[0015] (10) The optical glass of above (1), Wherein the 
total content of B203, SiO2, La2O3, ZnO, ZrO2, Nb2O5, 
TiO2, BaO, CaO, SrO, Gd2O3, Y2O3, Ta2O5, W03, NaZO, 
K20, LiZO, GeO2, Yb2O3, Sb2O3 and SnO2 is 99% or more. 

[0016] (11) The optical glass of above (10), Wherein the 
total content of B203, SiO2, La2O3, ZnO, ZrO2, Nb2O5, 
TiO2, BaO and Sb2O3 is 99% or more. 

[0017] (12) The optical glass of above (11), Which con 
tains all of B203, SiO2, La2O3, ZnO, ZrO2, Nb2O5, TiO2 and 
BaO. 

[0018] (13) The optical glass of above (1), Which contains 
T102. 
[0019] (14) Apress-rnolding glass gob Which is formed of 
the optical glass recited in above (1) and is to be softened 
under heat and press-rnolded. 

[0020] (15) An optical element formed of the optical glass 
recited in above 

[0021] According to the present invention, there is pro 
vided an optical glass Whose refractive index is high and 
Whose coloring is reduced. 

[0022] According to the present invention, further, there is 
provided a press-rnolding glass gob for producing, by press 
rnolding, an optical element formed of an optical glass 
Whose refractive index is high and Whose coloring is 
decreased. 

[0023] Further, according to the present invention, there is 
provided an optical element formed of an optical glass 
Whose refractive index is high and Whose coloring is 
decreased. 

Preferred Embodiments of the Invention 

[0024] The optical glass of the present invention corn 
prises, by Weight %, 2 to 45% of B203, 0 to 30% of SiO2 
provided that the content of B2O3>the content of SiO2, 10 to 
50% of La2O3, 0 to 30% of TiO2, 0 to 15% of ZnO, 0 to 15% 
of ZrO2, 0 to 35% of Nb2O5, 0 to 35% of BaO, 0 to 5% of 
SrO, 0% or more but less than 8% of CaO, 0% or more but 
less than 13% of MgO, provided that the total content of 
BaO, SrO, CaO and MgO is 0 to 40%, 0 to 20% of Gd2O3, 
0 to 15% of Y2O3, 0 to 18% of Ta2O5, 0% or more but less 
than 0.5% of W03, 0% or more but less than 1.5% of a total 
of NaZO, K20 and LiZO, 0 to 10% of GeO2, 0 to 20% of 
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Bi2O3, 0 to 10% of Yb2O3, 0 to 10% ofAl2O3, 0% or more 
but less than 2% of Sb2O3 and 0 to 1% of SnO2. 

[0025] According to the above optical glass, a high trans 
rnittance can be obtained in a visible light region, and 
particularly, a high transrnittance can be obtained in the short 
Wavelength region of the visible light region. 

[0026] Further, there can be obtained an optical glass that 
is more stabiliZed in the ranges of a refractive index (nd) of 
1.8 to 2.1 and an Abbe’s nurnber (vd) of 20 to 40. 

[0027] The above cornpositional ranges Will be explained 
in detail beloW. The folloWing content by % in each corn 
ponent beloW represents Weight %. 

[0028] B203 is a component effective as an oxide for 
forming a glass netWork of the above glass and is also 
effective for decreasing the temperature for rneltability and 
How viscosity of the glass, and at least 2% of B203 is 
required. HoWever, the content of B203 exceeds 45%, the 
refractive index decreases. The content of B203 is therefore 
limited to 2 to 45%, and it is preferably 3 to 24%, more 
preferably 5 to 18%. 

[0029] SiO2 Works to maintain the devitri?cation resis 
tance of the above glass. When incorporated, SiO2 Works as 
a component for forming a glass netWork. HoWever, When 
the content of SiO2 exceeds 30%, the rneltability of the glass 
is degraded, and it is difficult to produce the glass stably. The 
content of SiO2 is therefore limited to 0 to 30%, and it is 
preferably 0 to 18%, more preferably 1 to 18%. 

[0030] Further, When the content of B203 is smaller than 
the content of SiO2, the glass comes to be easily colored, and 
the glass is degraded in rneltability and devitri?cation resis 
tance, so that more B203 is incorporated than SiO2. 

[0031] La2O3 is an essential component for obtaining a 
high-refractivity loW-dispersion glass. When the content of 
La2O3 is less than 10%, the refractive index decreases, and 
When it is larger than 50%, the devitri?cation resistance 
decreases, so that it is difficult to obtain a glass that can be 
stably produced. The content of La2O3 is therefore limited to 
10 to 50%, and it is preferably 18 to 47%, more preferably 
25 to 47%. 

[0032] TiO2 is a component for improving the glass in 
chemical durability and devitri?cation resistance While 
adjusting optical properties such as a refractive index and an 
Abbe’s number. For irnparting the glass With the above 
properties, it is required to incorporate 0 to 30% of TiO2, and 
the content thereof is preferably 0 to 26%, more preferably 
1 to 26%, still more preferably 8 to 26%. 

[0033] ZnO is a component for imparting the glass With 
high refractivity and loW-dispersion properties (the degree 
of dependency of the refractive index on Wavelengths is 
small), and it is also a component for improving the glass in 
devitri?cation resistance and decreasing the temperature for 
viscous ?oWability. When the content of ZnO is larger than 
15%, the degree of devitri?cation increases, and it is difficult 
to obtain a glass that can be stably produced. The content of 
ZnO is therefore limited to 0 to 15%, and it is preferably 0 
to 12%. When a proper amount of ZnO is added, the spectral 
transrnittance on the short Wavelength end sharply rises. 
Therefore, the content of ZnO is preferably more than 0%, 
but not more than 5%, more preferably 0.5 to 5%, still more 
preferably 1 to 5%. 
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[0034] ZrO2 is a component for producing a high refrac 
tive index, and When added in a small amount, it has an 
effect that the glass is improved in devitri?cation resistance. 
However, When the content thereof exceeds 15%, the devit 
ri?cation resistance decreases, and the meltability of the 
glass is also degraded. The content of ZrO2 is therefore 
limited to 0 to 15%, and it is preferably 0 to 10%, more 
preferably 1 to 10%. 

[0035] Nb2O5 is a component for imparting the glass With 
a high refractive index, and it also has an effect that the glass 
is improved in devitri?cation. The content of Nb2O5 is 
properly 0 to 35%. When the content of Nb2O5 exceeds 
35%, the absorption on the short Wavelength side is inten 
si?ed, and the coloring tendency is intensi?ed. The content 
of Nb2O5 is preferably 0 to 30%, more preferably 1 to 30%, 
still more preferably 1 to 20%, further more preferably 1 to 
15%. 

[0036] When used in the form of carbonate or nitrate as 
raW materials, BaO, SrO, CaO and MgO have an effect that 
the defoaming of the glass is promoted. 

[0037] When added in an amount of 0 to 35%, BaO has an 
effect that the glass is improved in coloring. When the 
content of BaO exceeds 35%, hoWever, the devitri?cation 
resistance is degraded. The content of BaO is preferably 0 to 
32%, more preferably 1 to 32%, still more preferably 1 to 
25%. 

[0038] SrO may be added in an amount of 0 to 5% as a 
substitute for BaO. Similarly, 0% or more but less than 8% 
of CaO and 0% or more but less than 13% of MgO may be 
added. SrO can improve the glass in devitri?cation resis 
tance When the glass is re-heated and molded, so that the 
content of SrO is preferably 0% or more but less than 1%. 
Particularly, When the refractive index (nd) is 1.8 to 1.86, it 
is required to take care of a decrease in the above devitri 
?cation resistance. When the refractive index (nd) is 1.8 to 
1.86, preferably, the content of SrO is adjusted to 0% or 
more but less than 1%, and When refractive index (nd) is 
more than 1.86 to 2.1, preferably, the content of SrO is 
adjusted to 0 to 5%. When the refractive index (nd) is 1.8 to 
2.1, more preferably, the content of SrO is adjusted to 0 to 
0.8%. 

[0039] Further, When the total content of BaO, SrO, CaO 
and Mgo exceeds 40%, the glass is degraded in devitri?ca 
tion resistance, and it is difficult to obtain a glass that can be 
stably produced. The total content of BaO, SrO, CaO and 
MgO is therefore limited to 0 to 40%. 

[0040] Gd2O3 can be added in an amount up to 20% as a 
substitute for La2O3. When the content of Gd2O3 exceeds 
20%, the glass is degraded in devitri?cation resistance, and 
it is difficult to obtain a glass that can be stably produced. 
The content of Gd2O3 is therefore limited to 0 to 20%, and 
it is preferably 0 to 10%. 

[0041] YZO3 and Yb2O3 can be also added in an amount of 
0 to 15% and 0 to 10%, respectively, as substitutes for 
La2O3. HoWever, When the contents of these components 
exceed the above upper limits, the glass is degraded in 
devitri?cation resistance, and it is difficult to obtain a glass 
that can be stably produced. Preferably, the content of YZO3 
is 0% or more but less than 2%, and the content of Yb2O3 
is 0 to 4%. The content of YZO3 is more preferably in the 
range of 0 to 1.5%. 
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[0042] Ta2O5 is a component for imparting the glass With 
high-refractivity and loW-dispersion properties and is useful 
for forming a loW-dispersion glass. HoWever, When the 
content of Ta2O5 exceeds 18%, the glass is degraded in 
meltability. The content of Ta2O5 is therefore properly 0 to 
18%. 

[0043] WO3 is a component for improving the glass in 
devitri?cation resistance When added in a small amount. 
HoWever, When the content of WO3 exceeds 0.5%, the 
absorption of light in a short Wavelength region by the glass 
is intensi?ed, and the glass is strongly liable to be colored. 
The content of WO3 is therefore limited to 0% or more but 
less than 0.5%, and it is preferably 0 to 0.4%. 

[0044] NaZO, K20 and Li2O are components effective for 
decreasing the glass transition temperature (Tg). Particu 
larly, Li2O has a remarkably high effect on the above 
decrease. Since, hoWever, these components cause the glass 
to suffer a large decrease in devitri?cation resistance and 
refractive index, the total content of NaZO, K20 and Li2O is 
therefore limited to 0% or more but less than 1.5%. 

[0045] GeO2 has an effect similar to that of SiO2, and it 
can be added in an amount up to 10%. When the content of 
GeO2 exceeds 10%, the devitri?cation resistance decreases. 
The content of GeO2 is therefore properly 0 to 10%. HoW 
ever, the above optical glass can attain desired properties 
Without GeO2. Preferably, GeO2 that is expensive is there 
fore not incorporated. 

[0046] When added in a small amount, Bi2O3 has an effect 
that the glass transition temperature (Tg) is decreased. When 
the content of Bi2O3 exceeds 20%, the devitri?cation resis 
tance decreases, and it causes the glass to be colored. The 
content of Bi2O3 is therefore properly 0 to 20%. 

[0047] When added in a small amount, A1203 sometimes 
Works to improve the glass in devitri?cation resistance. 
HoWever, the refractive index decreases at the same time. 
The content of A1203 is therefore limited to 0 to 10%. 

[0048] Ga2O3 and In2O3 can be also added in an amount 
up to approximately 10%. HoWever, When added, they may 
degrade the devitri?cation resistance and they are expensive 
materials. Desirably, therefore, Ga2O3 and In2O3 are not 
incorporated. 

[0049] In addition to the above components, Sb2O3 and 
SnO2 that are generally used as a clarifying agent may be 
added. The content of Sb2O3 is 0% or more but less than 2%, 
and the content of SnO2 is 0 to 1%. 

[0050] HoWever, As2O3 that strongly Works as a clarifying 
agent has toxicity, so that it is desirable to add no As2O3. 

[0051] In addition to the above oxides, desirably, lead, a 
lead compound and radioactive substances such as U and Th 
are not incorporated. Further, from the vieWpoint of decreas 
ing the coloring of the glass, it is necessary to avoid the 
incorporation of substances that cause the glass to be col 
ored, such as Cu, Cr, V, Fe, Ni and Co. Further, it is 
necessary to avoid the addition of Te, Se and Cd. 

[0052] In addition, the above JP-A-53-4023 describes an 
optical glass containing expensive HfO2 as an essential 
component. In the present invention, hoWever, the intended 
optical glass can be obtained Without incorporating HfO2. 
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[0053] Compositions having any combinations of pre 
ferred contents of the above components in the above 
explanations are preferred for obtaining desired optical 
glasses. 

[0054] In the optical glass of the present invention, the 
refractive index (nd) and the Abbe’s number (vd) are pref 
erably in the range of. 1.8 to 2.1 (refractive index (nd)) and 
in the range of 20 to 40 (Abbe’s number (vd)). The Abbe’s 
number (vd) is more preferably in the range of 20 to 39, and 
the refractive index (nd) is more preferably 1.81 to 2.1, still 
more preferably 1.85 to 2.1. 

[0055] The transmittance property of the optical glass of 
the present invention Will be explained beloW. The trans 
mittance is quantitatively evaluated as folloWs. First, a sheet 
glass having a thickness of 10 mm 10.1 mm is prepared. The 
sheet glass is formed of the above optical glass and has tWo 
surfaces that are lapped so as to be in parallel With each 
other. Light is alloWed to perpendicularly enter the lapped 
surface of the above sheet glass, and the sheet glass is 
measured for a spectral transmittance including a surface 
re?ection loss, in the Wavelength region of 280 nm to 700 
nm. AWavelength at Which the spectral transmittance comes 
to be 70% is taken as a Wavelength K70, and a Wavelength 
at Which the spectral transmittance comes to be 5% is taken 
as a Wavelength k5. In the Wavelength region from 280 nm 
to 700 nm, preferably, only one single Wavelength K70 and 
only one single Wavelength k5 are present. And, desirably, 
the optical glass exhibits a spectral transmittance of at least 
5% in the entire Wavelength region from A5 to 700 and a 
spectral transmittance of at least 70% in the entire Wave 
length region from A70 to 700 nm. 

[0056] When K70 and k5 are adjusted to be present on a 
shorter Wavelength side, an optical glass having the above 
transmittance property comes to exhibit a higher transmit 
tance in a broad range of the visible light region. 

[0057] In the present invention, the optical glass is pref 
erably an optical glass that exhibits K70 at 460 nm or at a 
shorter Wavelength, more preferably an optical glass that 
exhibits K70 at 450 nm or at a shorter Wavelength, still more 
preferably an optical glass that exhibits K70 at 440 nm or at 
a shorter Wavelength. For imparting the glass With various 
properties including the above refractive index and Abbe’s 
number, more preferably, A70 is in the range of 350 to 460 
nm, still more preferably, A70 is in the range of 350 to 450 
nm, further more preferably, A70 is in the range of 350 to 440 
nm. 

[0058] In the present invention, the optical glass is pref 
erably an optical glass that exhibits A5 at 400 nm or at a 
shorter Wavelength, more preferably an optical glass that 
exhibits A5 at 390 nm or at a shorter Wavelength. For 
imparting the glass With various properties including the 
above refractive index and Abbe’s number, more preferably, 
k5 is in the range of 300 to 390 nm. 

[0059] Further, the optical glass of the present invention is 
further more preferably an optical glass that exhibits K70 and 
k5 Which satisfy the above ranges at the same time. 

[0060] Since K70 and k5 (particularly K70) are liable to 
change under glass melting conditions, it is necessary to take 
account of the melting temperature and the melting time 
period so that K70 and As can be on a shorter Wavelength side. 
It is also necessary to reduce impurities that cause coloring. 
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[0061] Examples of more preferred compositions, pre 
ferred optical constants and preferred ranges of A70 are as 
described beloW. 

[0062] (Optical Glass 1) 

[0063] An optical glass containing 2 to 45% of B203, 0 to 
30% of SiO2, provided that the content of B2O3>the content 
of SiO2, 10 to 50% of La2O3, 0 to 30% of TiO2, 0 to 15% 
of ZnO, 0 to 15% of ZrO2, 0 to 35% of Nb2O5, 0 to 35% of 
BaO, 0 to 5% of SrO, 0% or more but less than 8% of CaO, 
0% or more but less than 13% of MgO, provided that the 
total content of BaO, SrO, CaO and MgO is 0 to 40%, 0 to 
20% of Gd2O3, 0 to 15% of Y2O3, 0 to 18% of Ta2O5, 0% 
or more but less than 0.5% ofWO3, 0% or more but less than 
1.5% of a total of Na2O, K20 and Li2O, 0 to 10% of GeO2, 
0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 0 to 10% of A1203, 
0% or more but less than 2% of Sb2O3 and 0 to 1% of SnO2, 
and having a refractive index of more than 1.86 but up to 2.1, 
Wherein the optical glass exhibits K70 at 460 nm or less. 

[0064] (Optical Glass 2) 

[0065] An optical glass containing 2 to 45% of B203, 0 to 
30% of SiO2, provided that the content of B2O3>the content 
of SiOZ), 10 to 50% of La2O3, 0 to 30% of TiO2, 0 to 15% 
of ZnO, 0 to 15% of ZrO2, 0 to 35% of Nb2O5, 0 to 35% of 
BaO, 0% or more but less than 2% of SrO, 0% or more but 
less than 8% of CaO, 0% or more but less than 13% of MgO, 
provided that the total content of BaO, SrO, CaO and MgO 
is 0 to 40%, 0 to 20% of Gd2O3, 0 to 15% ofY2O3, 0 to 18% 
of Ta2O5, 0% or more but less than 0.5% of W03, 0% or 
more but less than 1.5% of a total of Na2O, K20 and Li2O, 
0 to 10% of GeO2, 0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 
0 to 10% of A1203, 0% or more but less than 2% of Sb2O3 
and 0 to 1% of SnO2, and having a refractive index of 1.8 
to 1.86, Wherein the optical glass exhibits K70 at 460 nm or 
less. 

[0066] (Optical Glass 3) 

[0067] An optical glass containing 2 to 45% of B203, 0 to 
30% of SiO2, provided that the content of B2O3>the content 
of SiOZ), 10 to 50% of La2O3, 0 to 30% of TiO2, 0 to 15% 
of ZnO, 0 to 15% of ZrO2, 0 to 35% of Nb2O5, 0 to 35% of 
BaO, 0% or more but less than 1% of SrO, 0% or more but 
less than 8% of CaO, 0% or more but less than 13% of MgO, 
provided that the total content of BaO, SrO, CaO and MgO 
is 0 to 40%, 0 to 20% of Gd2O3, 0 to 15% ofY2O3, 0 to 18% 
of Ta2O5, 0% or more but less than 0.5% of W03, 0% or 
more but less than 1.5% of a total of Na2O, K20 and Li2O, 
0 to 10% of GeO2, 0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 
0 to 10% of A1203, 0% or more but less than 2% of Sb2O3 
and 0 to 1% of SnO2, and having a refractive index of 1.8 
to 2.1, Wherein the optical glass exhibits K70 at 460 nm or 
less. 

[0068] (Optical Glass 4) 

[0069] An optical glass containing 2 to 45% of B203, 0 to 
30% of SiO2, provided that the content of B2O3>the content 
of SiO2) , 10 to 50% of La2O3, 0 to 30% of TiO2, 0 to 15% 
of ZnO, 0 to 15% of ZrO2, 0 to 35% of Nb2O5, 0 to 35% of 
BaO, 0 to 0.8% of SrO, 0 to 7% of CaO, 0 to 12% of MgO, 
provided that the total content of BaO, SrO, CaO and MgO 
is 0 to 40%, 0 to 20% of Gd2O3, 0 to 15% ofY2O3, 0 to 18% 
of Ta2O5, 0 to 0.4% of W03, 0 to 1.2% of a total of Na2O, 
K20 and Li2O, 0 to 10% of GeO2, 0 to 20% of Bi2O3, 0 to 
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10% of Yb2O3, 0 to 10% of A1203, 0 to 1.8% of Sb2O3 and 
0 to 1% of SnO2, wherein the optical glass exhibits K70 at 
460 nm or less. 

[0070] (Optical Glass 5) 
[0071] An optical glass containing 2 to 45% of B203, 0 to 
30% of SiO2, provided that the content of B2O3>the content 
of SiOZ), 10 to 50% of La2O3, 0 to 30% of TiO2, 0 to 15% 
of ZnO, 0 to 15% of ZrO2, 0 to 35% of Nb2O5, 0 to 35% of 
BaO, 0% or more but less than 1% of SrO, 0% or more but 
less than 8% of CaO, 0% or more but less than 13% of MgO, 
provided that the total content of BaO, SrO, CaO and MgO 
is 0 to 40%, 0 to 20% of Gd2O3, 0% or more but less than 
2% of Y2O3, 0 to 18% of Ta2O5, 0% or more but less than 
0.5% of W03, 0% or more but less than 1.5% of a total of 
NaZO, K20 and Li2O, 0 to 10% of GeO2, 0 to 20% of Bi2O3, 
0 to 10% of Yb2O3, 0 to 10% of A1203, 0% or more but less 
than 2% of Sb2O3 and 0 to 1% of SnO2. 

[0072] (Optical Glass 6) 
[0073] An optical glass that is included in the above 
optical glass 5 and Which contains 3 to 24% of B203, 0 to 
18% of SiO2, provided that the Weight ratio of the content 
of B2O3/the content of SiO2 is at least 1.1 or that no SiO2 is 
contained, 18 to 47% of La2O3, 0 to 26% of TiO2, 0 to 12% 
of ZnO, 0 to 10% of ZrO2, 0 to 30% of Nb2O5, 0 to 32% of 
BaO, 0 to 10% of Gd2O3 and 0 to 4% of Yb2O3. 

[0074] (Optical Glass 7) 
[0075] An optical glass that is included in the above 
optical glass 5 or 6 and Which contains 1 to 5% of ZnO. 

[0076] (Optical Glass 8) 
[0077] An optical glass that is included in any one of the 
above optical glasses 1 to 7 and Wherein the total content of 
B203, SiO2, La2O3, ZnO, ZrO2, Nb2O5, TiO2, BaO, CaO, 
SrO, Gd2O3, Y2O3, Ta2O5, WO3, Na2O, K20, Li2O, GeO2, 
Yb2O3, Sb2O3 and SnO2 is 99% or more, more preferably 
100%. 

[0078] (Optical Glass 9) 
[0079] An optical glass that is included in the above 
optical glass 8 and Where the total content of B203, SiO2, 
La2O3, ZnO, ZrO2, Nb2O5, TiO2, BaO and Sb2O3 is 99% or 
more, more preferably 100%. 

[0080] (Optical Glass 10) 
[0081] An optical glass that is included in the above 
optical glass 9 and Which contains all of B203, SiO2, La2O3, 
ZnO, ZrO2, Nb2O5, TiO2 and BaO. 

[0082] (Optical Glass 11) 

[0083] An optical glass that is included in any one of the 
above optical glasses 1 to 11 and Which contains TiO2. In 
this optical glass, the Weight ratio of the content of Nb2O5/ 
the content of TiO2 is preferably from 0 to 7, more preferably 
from 0 to 6. In this constitution, an optical glass to be colored 
to less degree can be obtained. 

[0084] Having the above transmittance property, the opti 
cal glass of the present invention exhibits a high transmit 
tance to light in a short Wavelength region of the visible light 
region, so that a Well-balanced image-sensing optical system 
can be easily constituted. The optical glass of the present 
invention is particularly suitable as a material for an optical 
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element such as a lens for constituting an image-sensing 
system for a solid image-sensing device. 

[0085] The liquidus temperature of the optical glass of the 
present invention Will be explained beloW. In the optical 
glass of the present invention, the liquidus temperature is 
preferably 1,250° C. or loWer, more preferably 1,200° C. or 
loWer. As far as the stability of the glass is concerned, an 
optical glass that shoWs no liquidus temperature is preferred. 
For imparting the glass With the above various properties, 
hoWever, the optical glass of the present invention has a 
liquidus temperature of 900 to 1,200° C. 

[0086] The press-molding glass gob of the present inven 
tion and the method for preparation thereof Will be explained 
beloW. The press-molding glass gob is a glass molded 
material that is to be softened under heat and press-molded, 
and it is also called a press-molding preform (preform for 
press-molding). The Weight and form of the press-molding 
glass gob are determined as required depending upon a 
press-molded product as an end product. The press-molding 
glass gob of the present invention is formed of the above 
optical glass and has various properties that re?ect the 
various properties of the optical glass of the present inven 
tion. 

[0087] In the method for preparing the above press-mold 
ing glass gob, a molten glass is shaped into a moldable glass 
gob formed of the above optical glass. First, glass raW 
materials for obtaining the optical glass of the present 
invention are formulated, dissolved, clari?ed and homog 
eniZed to obtain a homogeneous molten glass free of gas 
bubbles and foreign matter. Then, the molten glass is ?oWed 
out from a How pipe made of a platinum alloy, or the like. 
For ?oWing the molten glass out, the temperature of the How 
pipe, etc., are arranged such that the glass is not devitri?ed. 
The molten glass that ?oWs out is cast into a receiving mold 
or a casting mold to shape the molten glass into a predeter 
mined form. Methods suitable for the above shaping Will be 
described as examples. 

[0088] The ?rst shaping method is a method in Which a 
plurality of receiving molds are consecutively transferred 
into a place beloW the How pipe to receive a molten glass 
gob having a predetermined Weight on each receiving mold 
and each glass gob is cooled While each is shaped. In this 
method, a forWard end of the molten glass ?oW ?oWing out 
of the pipe is supported on a receiving mold, and the 
receiving mold is rapidly moved doWn timely When a molten 
glass gob having a predetermined Weight can be separated. 
In this case, the supply of the molten glass onto the receiving 
mold does not keep up With the doWnWard movement of the 
receiving mold, and a leading molten glass How is separated 
from a molten glass on the backWard side of the ?oW, so that 
a predetermined Weight of the molten glass gob can be 
received on the receiving mold. In this manner, a glass can 
be shaped Without leaving a cut mark (shear mark) formed 
When a molten glass How is cut With a blade. In the above 
?rst method, a glass gob having a Weight equivalent to, or a 
little larger than, a press-molding glass gob can be shaped. 
[0089] When a glass gob having a Weight equivalent to the 
Weight of one press-molding glass gob is shaped, this glass 
gob can be used as a press-molding glass gob. In this case, 
it is preferred to cool the glass gob at such a rate that the 
glass is not broken. 

[0090] When a glass gob having a Weight larger than the 
Weight of one press-molding glass gob is shaped, this glass 
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gob is annealed to reduce strains and then machined to 
complete a glass gob having a Weight equivalent to the 
Weight of one press-molding glass gob, and the completed 
glass gob is used as a press-molding glass gob. According to 
this method, glass gobs are prepared beforehand, and the 
glass gobs are machined depending upon demands to adjust 
their Weights, Whereby there can be supplied press-molding 
glass gobs that can be press-molded into optical elements 
having various siZes. For the above machining, barrel lap 
ping is preferred. 

[0091] Further, When the above press-molding glass gob is 
used for precision press-molding, a press-molding glass gob 
that is shaped Without any machining is preferred. 

[0092] The second shaping method is a method in Which 
a molten glass is cast into a casting mold at a constant speed, 
the casting mold having a nearly horiZontal bottom surface 
and a pair of sideWalls facing each other in parallel across 
the bottom surface. A cast molten glass uniformly spreads 
Within the casting mold to be shaped into a glass sheet 
having a Width determined by the distance of the above pair 
of sideWalls. The thus-formed glass sheet is draWn out from 
an opening portion of the casting mold at a speed depending 
upon a molten glass supply speed such that a sheet having 
a uniform thickness and a uniform Width can be obtained. 
The thus-obtained glass sheet is annealed to reduce strains 
and then cut to a predetermined siZe. The thus-obtained glass 
piece is called “cut piece”. The cut piece is chamfered as 
required or machined so as to have a Weight equivalent to the 
Weight to a press-molding glass gob. For chamfering the cut 
piece or machining the cut piece for adjusting its Weight, 
barrel lapping is preferred. 

[0093] In any one of the above methods, there can be 
obtained the press-molding glass gob of the present inven 
tion, Which has a predetermined Weight and is formed of the 
optical glass of the present invention. In addition, a mold 
release ?lm may be formed on the press-molding glass gob, 
or a poWdered mold release agent may be applied thereto, as 
required for making it easy to separate a molded product 
from a mold When the press-molding is carried out. HoW 
ever, the poWdered mold release agent is undesirable for 
precision press-molding, since the mold release agent is 
transferred to the glass forming the glass gob (press-molded 
product). 
[0094] The optical element of the present invention Will be 
explained beloW. The optical element of the present inven 
tion is formed of the above optical glass of the present 
invention. The optical element therefore has various prop 
erties of the above optical glass. As a typical embodiment, 
the optical element of the present invention has a refractive 
index (nd) of 1.8 to 2.1 and an Abbe’s number (vd) of 20 to 
40, and also commonly has the property of a high transmit 
tance on a short Wavelength side of the visible light region. 
The optical element formed of the above optical glass 
preferably exhibits K70 and k5 in the above-described ranges, 
exhibits a high transmittance to visible light and is free from 
coloring. This optical element is suitable for optical systems 
of cameras using a solid image-sensing device such as a 
digital camera, a video camera and a camera incorporated 
into a mobile item. 

[0095] The optical element of the present invention 
includes various lenses such as a spherical lens, an aspheri 
cal lens, a microlens and a lens array, a prism and a 
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diffraction grating. The optical element of the present inven 
tion may be provided With an optical thin ?lm such as an 
anti-re?ection ?lm, a partial re?ection ?lm, a high re?ection 
?lm or the like as required. 

[0096] The method for producing the optical element of 
the present invention Will be explained beloW. In the method 
for producing the optical element of the present invention, 
the above press-molding glass gob or a press-molding glass 
gob prepared by the above preparation method is softened 
under heat and press-molded With a press mold, to produce 
the optical element. 

[0097] The optical element has an optical-function surface 
having an optical function, Which refracts, transmits, diffract 
or re?ects light. The press-molding method can be largely 
classi?ed into the folloWing tWo methods depending upon 
hoW the above optical-function surface is formed. 

[0098] The ?rst method is a method in Which a press 
molded product having a form similar to an end optical 
element and having a larger siZe than the optical element is 
formed by press-molding. The press-molded product is 
polished and/or lapped, and the surface of the optical ele 
ment including the optical-function surface is formed by 
machining. Since the machining is carried out after the 
press-molding, it is preferred to anneal the press-molded 
product to decrease strains in order to prevent the breaking 
of the glass during the machining. In this method, the 
press-molding can be carried out in atmosphere, so that the 
above poWdered mold release agent may be used. 

[0099] The second method is a so-called precision press 
molding method, in Which the molding surface of a press 
mold is precisely Worked so as to have an inversion form of 
the form of an end optical element, a mold release ?lm is 
optionally formed, and the form of the above molding 
surface is precisely transferred, by press molding, to a glass 
gob that is softened under heat. According to this method, 
the optical-function surface can be formed by the press 
molding Without polishing or lapping. HoWever, it is 
required to carry out the press-molding in a non-oxidiZing 
atmosphere such as a nitrogen gas atmosphere. 

[0100] In the above second method, it is not essential to 
machine the press-molded product, so that a strain may 
remain so long as the strain has no optical in?uence, and the 
annealing of the press-molded product can be omitted. As a 
method for producing an optical element, further, there is 
another method in Which a glass in a molten state is fed into 
a press mold to produce a press-molded product having a 
form similar to the form of an optical element, and the 
press-molded product is polished and lapped to complete an 
optical element. 

[0101] The refractive index (nd) and the Abbe’s number 
(vd) of the optical element slightly change due to a thermal 
history during the process of producing the optical element. 
For producing an optical element having precisely deter 
mined optical constants, the glass composition and the 
thermal history during the production process can be 
adjusted by taking account of the above change in refractive 
index (nd) and Abbe’s number (vd). 

[0102] In this manner, there can be provided an optical 
element that has predetermined optical constants and an 
excellent transmittance and Which is particularly suitable as 



US 2005/0209085 A1 

an optical part for a machine, equipment or an item on Which 
a solid image-sensing device, or the like is mounted. 

EXAMPLES 

[0103] The present invention Will be explained further in 
detail With reference to Examples hereinafter, While the 
present invention shall not be limited by these Examples. 

Examples 1-11 

[0104] A raW material batch formulated to give 100 g of a 
glass having a composition shoWn in Table 1 or 2 Was placed 
in a crucible formed of platinum and melted in a furnace set 
at 1,300° C., and a molten glass is stirred, clari?ed, then cast 
into a casting mold made of iron, maintained at a tempera 
ture around a glass transition temperature (Tg) for 2 hours 
and gradually cooled, to give an optical glass. 

[0105] The thus-obtained optical glass in each Example 
Was measured for a refractive index (nd), an Abbe’s number 
(vd), a liquidus temperature (LT) and 7070 and 705 as folloWs. 
Tables 1 and 2 shoW the results. 
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[0106] (1) Refractive index (nd) and Abbe’s number (vd) 

[0107] An optical glass obtained by cooling at a tempera 
ture-decrease rate of —30° C./h Was measured. 

[0108] (2) Liquidus temperature (LT) 
[0109] A plurality of crucibles made of platinum Were 
prepared, and 50 cm3 of glass Was placed in each crucible. 
The crucibles With the glass in them Were placed in furnaces 
in Which the temperature Was set at intervals of 10° C. and 
held under different temperature conditions for 2 hours. 
After cooled, an inside of each glass Was observed through 
a microscope having a magni?cation of 100 times for the 
presence or absence of a crystal, on the basis of Which the 
liquidus temperature Was determined. 

[0110] (3) x70 and x, 
[0111] A 10 mm thick lapped sample Was measured for 
spectral transmittances, and a Wavelength (nm) at Which the 
sample exhibited a transmittance of 5% Was determined as 
705 and a Wavelength (nm) at Which the sample exhibited a 
transmittance of 70% Was determined as 7070. 

TABLE 1 

F amnles 

1 2 3 4 5 6 

Glass B203 13.16 8 20 13.16 13.04 10.50 13.00 
composition SiO2 6.63 6.00 6.63 6.57 6.50 10.00 
(Wt %) L212O3 19.03 49.00 36.19 35.85 34.00 37.00 

ZnO 7.21 0 00 7 21 2.68 3 00 3 00 
ZrO2 5.68 5 40 7 05 4.28 7 00 7 00 
Nb2O5 21.59 0.00 3 85 6.76 7.00 4 00 
TiO2 3.94 4.40 9.04 12.44 16.00 9.00 
BaO 21.94 0 00 16.86 18.38 16.00 17.00 
C210 0 00 0 00 0 00 0.00 0 00 0 00 
SrO 0.00 0.00 0.00 0.00 0.00 0.00 

(R0) (21.94) (0.00) (16.86) (18.38) (16.00) (17.00) 
Gd2O3 0 00 0.00 0.00 0.00 0.00 0.00 
YZO3 0 00 1 00 0 00 0.00 0 00 0 00 
Ta2O5 0 00 18 00 0 00 0.00 0 00 0 00 
W03 0 30 0 00 0 00 0.00 0 00 0 00 
Nazo 0 00 0 00 0 00 0.00 0 00 0 00 
K20 0 52 0 00 0 00 0.00 0 00 0 00 
Li2O 0.00 0.00 0.00 0.00 0.00 0.00 

(R20) (0.52) (0.00) (0.00) (0.00) (0.00) (0.00) 
GeO2 0.00 5.00 0.00 0.00 0.00 0.00 
Bi2O3 0 00 0 00 0 00 0.00 0 00 0 00 
Yb2O3 0 00 3.00 0.00 0.00 0.00 0.00 

Total 100.00 100.00 100.00 100.00 100.00 100.00 
P. Properties nd 1.8741 1.9225 1.87247 1.89803 1.94875 1.85403 

v d 31.27 35.95 34.21 31.14 28.25 34.95 
7» 70 (nm) 397 405 402 407 418 391 
7» 5 (nm) 353 364 352 360 364 353 
LT (0 C.) 1160 1050 1080 1100 1150 1090 

P. Properties = Physical Properties 

[0112] 

TABLE 2 

F amnles 

7 8 9 10 11 

Glass B203 8.00 12.70 23.00 13.2 8.0 
composition SiO2 6.00 6.30 0.00 6.6 6.0 
(Wt %) La2O3 34.00 33.60 40.00 36.2 34.0 
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TABLE 2-continued 

F amnles 

7 8 9 10 11 

ZnO 2.50 2.50 5.00 2.7 2.0 
ZrO2 6.50 6.50 5.00 5.7 6.5 
Nb2O5 8.50 2.00 17.00 5.4 8.0 
TiO2 19.00 5.00 5.00 13.4 20.5 
BaO 15.50 31.40 0.00 16.8 15.0 
CaO 0.00 0.00 0.00 0.0 0.0 
SrO 0.00 0.00 0.00 0.0 0.0 

(R0) (15.50) (31.40) (0.00) (16.8) (15.0) 
Gd2O3 0.00 0.00 0.00 0.0 0.0 
YZO3 0.00 0.00 0.00 0.0 0.0 
Tazo 0.00 0.00 5.00 0.0 0.0 
WO3 0.00 0.00 0.00 0.0 0.0 
Na2O 0.00 0.00 0.00 0.0 0.0 
K20 0.00 0.00 0.00 0.0 0.0 
Li2O 0.00 0.00 0.00 0.0 0.0 

(R20) (0.00) (0.00) (0.00) (0.0) (0.0) 
GeO2 0.00 0.00 0.00 0.0 0.0 
Bi2O3 0.00 0.00 0.00 0.0 0.0 
Yb2O3 0.00 0.00 0.00 0.0 0.0 

Total 100.00 100.00 100.00 100.0 100.0 
P. Properties nd 1.9945 1.82546 1.90564 1.90047 2.00030 

v d 25.88 38.6 31.71 30.71 25.51 

7» 70 (nm) 437 407 424 408 440 
7» 5 (nm) 370 341 362 362 372 
LT (0 C.) 1150 1090 1050 1080 1150 

P. Properties = Physical Properties 

[0113] Tables 1 and 2 show that the optical glasses of the 
present invention shoWn in Examples had a refractive index 
(nd) in the range of 1.8 to 2.1 and an Abbe’s number (vd) in 
the range of 20 to 40. 

Example 12 

[0114] Each of the clari?ed and homogenized molten 
glasses obtained from the glasses in Examples 1 to 11 Was 
independently cast from a pipe formed of platinum into a 
casting mold having one sidewall opened, at a constant ?oW 
rate, and While a glass sheet having a constant thickness and 
a constant Width Was formed, the glass sheet Was draWn out 
of the opening portion of the casting mold. The glass sheet 
that Was draWn out Was annealed in an annealing furnace to 
decrease strains. In this manner, there Were obtained glass 
sheets of the optical glasses of the above Examples 1 to 11, 
Which had strains decreased and Were homogenous, color 
less and free of foreign matter. 

[0115] Each glass sheet Was cut into small cubes to obtain 
a plurality of cut pieces having identical dimensions. Fur 
ther, a plurality of the cut pieces Were barrel lapped so as to 
have an intended Weight, and used as press-molding glass 
gobs. 

[0116] Besides the above method, there may be employed 
a method in Which the above molten glass is ?owed out from 
a noZZle formed of platinum at a constant speed, many 
receiving molds are transferred into a place beloW the noZZle 
one after another, to receive a molten glass gob on each 
receiving mold, each molten glass gob is shaped into a 
spherical form or a sphere-?attened form, annealed, then 
barrel-lapped to adjust the Weight of each to an intended 
Weight, and the thus formed glass gobs are used as press 
molding glass gobs. 

Example 13 

[0117] ApoWdered mold release agent Was applied to the 
entire surface of each glass gob obtained in Example 12, and 
each glass gob Was independently softened under heat With 
a heater and then charged into a press mold having an upper 
mold member and a loWer mold member. The glass gobs 
Were respectively pressed With the press mold to give lens 
blanks having the form of a lens each. 

[0118] Then, the lens blanks Were annealed to remove 
strains and adjust their refractive indexes and Abbe’s num 
bers to predetermined values. The cooled lens blanks Were 
polished and lapped to produce lenses. The above steps in 
series Were carried out in atmosphere. 

[0119] The thus-obtained lenses Were excellent in trans 
mittance properties and had various properties of the optical 
glasses of Examples 1 to 11. An anti-re?ection ?lm may be 
formed on each lens as required. 

[0120] The above lenses can constitute an excellent 
image-sensing optical system. 

[0121] Industrial Utility 

[0122] The optical glass of the present invention has a 
high refractive index and has its coloring decreased, so that 
it can be suitably used in an image-sensing unit such as a 
digital camera using CCD as an image-sensing device. 

1. An optical glass comprising, by Weight %, 2 to 45% of 
B203, 0 to 30% of SiO2 provided that the content of 
B2O3>the content of SiO2, 10 to 50% of La2O3, 0 to 30% of 
TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 35% of 
Nb2O5, 0 to 35% of BaO, 0 to 5% of SrO, 0% or more but 
less than 8% of CaO, 0% or more but less than 13% of MgO, 
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provided that the total content of BaO, SrO, CaO and MgO 
is 0 to 40%, 0 to 20% of Gd2O3, 0 to 15% ofY2O3, 0 to 18% 
of Ta2O5, 0% or more but less than 0.5% of W03, 0% or 
more but less than 1.5% of a total of NaZO, K20 and LiZO, 
0 to 10% of GeO2, 0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 
0 to 10% of A1203, 0% or more but less than 2% of Sb2O3 
and 0 to 1% of SnO2. 

2. The optical glass of claim 1, Which has an refractive 
index (nd) of 1.8 to 2.1 and an Abbe’s number (vd) of 2.0.to 
40 

3. The optical glass of claim 1, Which contains 2 to 45% 
of B203, 0 to 30% of SiO2, provided that the content of 
B2O3>the content of SiO2, 10 to 50% of La2O3, 0 to 30% of 
TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 35% of 
Nb2O5, 0 to 35% of BaO, 0 to 5% of SrO, 0% or more but 
less than 8% of CaO, 0% or more but less than 13% of MgO, 
provided that the total content of BaO, SrO, CaO and MgO 
is 0 to 40%, 0 to 20% of Gd2O3, 0 to 15% ofY2O3, 0 to 18% 
of Ta2O5, 0% or more but less than 0.5% of W03, 0% or 
more but less than 1.5% of a total of NaZO, K20 and LiZO, 
0 to 10% of GeO2, 0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 
0 to 10% of A1203, 0% or more but less than 2% of Sb2O3 
and 0 to 1% of SnO2, and has a refractive index of more than 
1.86 but up to 2.1, Wherein the optical glass exhibits K70 at 
460 nrn or less. 

4. The optical glass of claim 1, Which contains 2 to 45% 
of B203, 0 to 30% of SiO2, provided that the content of 
B2O3>the content of SiO2, 10 to 50% of La2O3, 0 to 30% of 
TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 35% of 
Nb2O5, 0 to 35% of BaO, 0% or more but less than 2% of 
SrO, 0% or more but less than 8% of CaO, 0% or more but 
less than 13% of MgO, provided that the total content of 
BaO, SrO, CaO and MgO is 0 to 40%, 0 to 20% of Gd2O3, 
0 to 15% of Y2O3, 0 to 18% of Ta2O5, 0% or more but less 
than 0.5% of W03, 0% or more but less than 1.5% of a total 
of NaZO, K20 and LiZO, 0 to 10% of GeO2, 0 to 20% of 
Bi2O3, 0 to 10% of Yb2O3, 0 to 10% of A1203, 0% or more 
but less than 2% of Sb2O3 and 0 to 1% of SnO2, and has a 
refractive index of 1.8 to 1.86, Wherein the optical glass 
exhibits K70 at 460 nrn or less. 

5. The optical glass of claim 1, Which contains 2 to 45% 
of B203, 0 to 30% of SiO2, provided that the content of 
B2O3>the content of SiO2, 10 to 50% of La2O3, 0 to 30% of 
TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 35% of 
Nb2O5, 0 to 35% of BaO, 0% or more but less than 1% of 
SrO, 0% or more but less than 8% of CaO, 0% or more but 
less than 13% of MgO, provided that the total content of 
BaO, SrO, CaO and MgO is 0 to 40%, 0 to 20% of Gd2O3, 
0 to 15% of Y2O3, 0 to 18% of Ta2O5, 0% or more but less 
than 0.5% of W03, 0% or more but less than 1.5% of a total 
of NaZO, K20 and LiZO, 0 to 10% of GeO2, 0 to 20% of 
Bi2O3, 0 to 10% of Yb2O3, 0 to 10% of A1203, 0% or more 
but less than 2% of Sb2O3 and 0 to 1% of SnO2, and has a 
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refractive index of 1.8 to 2.1, Wherein the optical glass 
exhibits K70 at 460 nrn or less. 

6. The optical glass of claim 1, Which contains 2 to 45% 
of B203, 0 to 30% of SiO2, provided that the content of 
B2O3>the content of SiO2, 10 to 50% of La2O3, 0 to 30% of 
TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 35% of 
Nb2O5, 0 to 35% of BaO, 0 to 0.8% of SrO, 0 to 7% of CaO, 
0 to 12% of MgO, provided that the total content of BaO, 
SrO, CaO and MgO is 0 to 40%, 0 to 20% of Gd2O3, 0 to 
15% of Y2O3, 0 to 18% of Ta2O5, 0 to 0.4% of W03, 0 to 
1.2% of a total of NaZO, K20 and LiZO, 0 to 10% of GeO2, 
0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 0 to 10% of A1203, 
0 to 1.8% of Sb2O3 and 0 to 1% of SnO2, Wherein the optical 
glass exhibits K70 at 460 nrn or less. 

7. The optical glass of claim 1, Which contains 2 to 45% 
of B203, 0 to 30% of SiO2, provided that the content of 
B2O3>the content of SiO2, 10 to 50% of La2O3, 0 to 30% of 
TiO2, 0 to 15% of ZnO, 0 to 15% of ZrO2, 0 to 35% of 
Nb2O5, 0 to 35% of BaO, 0% or more but less than 1% of 
SrO, 0% or more but less than 8% of CaO, 0% or more but 
less than 13% of MgO, provided that the total content of 
BaO, SrO, CaO and MgO is 0 to 40%, 0 to 20% of Gd2O3, 
0% or more but less than 2% of Y2O3, 0 to 18% of Ta2O5, 
0% or more but less than 0.5% of W03, 0% or more but less 
than 1.5% of a total of NaZO, K20 and LiZO, 0 to 10% of 
GeO2, 0 to 20% of Bi2O3, 0 to 10% of Yb2O3, 0 to 10% of 
A1203, 0% or more but less than 2% of Sb2O3 and 0 to 1% 
of SnO2. 

8. The optical glass of claim 7, Which contains 3 to 24% 
of B203, 0 to 18% of SiO2, provided that the Weight ratio of 
the content of B2O3/the content of Sio2 is at least 1.1 or that 
no SiO2 is contained, 18 to 47% of La2O3, 0 to 26% of TiO2, 
0 to 12% of ZnO, 0 to 10% of ZrO2, 0 to 30% of Nb2O5, 0 
to 32% of BaO, 0 to 10% of Gd2O3 and 0 to 4% of Yb2O3. 

9. The optical glass of claim 7 or 8, Which contains 1 to 
5% of ZnO. 

10. The optical glass of claim 1, Wherein the total content 
of B203, SiO2, La2O3, ZnO, ZrO2, Nb2O5, TiO2, BaO, CaO, 
SrO, Gd2O3, Y2O3, Ta2O5, W03, NaZO, K20, LiZO, GeO2, 
Yb2O3, Sb2O3 and SnO2 is 99% or more. 

11. The optical glass of claim 10, Wherein the total content 
of B203, SiO2, La2O3, ZnO, ZrO2, Nb2O5, TiO2, BaO and 
Sb2O3 is 99% or more. 

12. The optical glass of claim 11, Which contains all of 
B203, SiO2, La2O3, ZnO, ZrO2, Nb2O5, TiO2 and BaO. 

13. The optical glass of claim 1, Which contains TiO2. 
14. A press-rnolding glass gob Which is formed of the 

optical glass recited in claim 1 and is to be softened under 
heat and press-rnolded. 

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


