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[57] ABSTRACT 

A cemented lens consists of a lens that is tinted and/or 
contains a UV absorber. and a second lens that is neither 
tinted nor contains any UV absorber. ‘The cemented lens is 
formed by placing the two lens elements together with a 
UV-curable adhesive between them. and then directing UV 
radiation through the ?rst lens to cure the adhesive. 

25 Claims, 1 Drawing Sheet 
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CEMENTED LENS AND PROCESS FOR 
PRODUCTION THEREOF 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is based on and claims priority from 
Japanese Application No. Hei. 2-83387 ?led Mar. 30. 1990. 
the disclosure of which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

In order to insure that multi-focal lenses and progressive 
power lenses that are capable of correcting astigmatism are 
manufactured in a rapid way in accordance with the direc 
tions that are speci?cally formulated for users by ophthal 
mologists or Opticians. lens elements of various speci?ca 
tions are preliminarily prepared and. as soon as orders are 
received. they are combined in an appropriate way without 
grinding or polishing and bonded together to produce 
cemented lenses. This is a well known practice which may 
be implemented. e.g.. by preliminarily preparing a front lens 
element (which is to be positioned on the object side) that 
provides power for the ?nal lens and a rear lens element 
(which is to be positioned on the eye side) that provides the 
degree of astigmatism in diopters and the axis of 
astigmatism. and bonding these together to form a cemented 
lens according to speci?c directions. Before cementing. the 
individual lens elements are usually provided with a hard 
coating layer either on the side to become an outer surface 
or on both sides. and after optional tinting an anti-re?ection 
?lm is formed to produce a complete cemented lens. 

Plastic materials of which cemented lenses are made 
incorporate additives such as UV absorbers and antioxidants 
in order to improve the lightfastness of the lenses. Therefore. 
if UV-curable adhesives are used to cement lens elements 
together. UV radiation will not easily reach the area where 
the adhesive has been applied. and the adhesive will not be 
fully cured unless the dose of UV radiation is considerably 
increased. However. an excessive dose of UV radiation can 
cause adverse effects on the plastic lens material. On the 
other hand. if thermosetting adhesives are used to cement 
lens elements. they must be cured at comparatively low 
temperatures in order to insure that defects such as yellow 
ing will not occur in the plastic lens material. but this has 
resulted in unduly prolonged cure times. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a process by which a cemented lens can be produced using 
a UV-curable adhesive in a rapid way with the required dose 
of UV radiation being comparable to ordinarily levels. 

It is another object of the present invention to provide a 
cemented lens that is produced by this method. 
The cemented lens of the present invention consists of a 

?rst lens element that contains a UV absorber and a second 
lens element that does not contain a UV absorber. This 
cemented lens can be produced by a process comprising the 
steps of applying a UV-curable adhesive onto the mating 
surfaces of the ?rst and second lenses. assembling the two 
lens elements and applying UV radiation to the assembly 
from the side of the second lens element not containing a UV 
absorber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly understood 
from the following description with reference to the accom 
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2 
panying drawings. wherein the single Figure shows a cross 
section of a cemented lens according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As described above. the cemented lens according to the 
present invention consists of a ?rst lens element that con 
tains a UV absorber and a second lens element that does not 
contain a UV absorber. and can be produced by applying a 
UV-curable adhesive onto the mating surfaces of the ?rst 
and second lens elements. assembling the two lens elements 
and applying UV radiation to the assembly from the side of 
the second lens element not containing a UV absorber. 
The lens elements to be used in the present invention are 

made of plastic materials including a diethylene glycol 
bisallyl carbonate polymer. a polyurethane resin. an acrylic 
resin. a polycarbonate resin and styrene resin. 
The UV absorbers that can be used in the present inven 

tion are not limited in any particular way and may be 
selected among various known types including 
benzophenone. salicylate. benzotriazole and cyanoacrylate 
compounds. The UV absorbers are preferably used in 
amounts of 0.1-2 Wt % of the resin. 

' Various colorless UV-curable adhesives may be used and 
examples are acrylic adhesives including 
N-vinylpyrrolidone. 2-ethylhexyl acrylate. Z-hydroxyethyl 
acrylate. Z-hydroxypropyl acrylate. phenoxyethyl acrylate. 
tetrahydrofurfuryl acrylate. isobornyl acrylate and N.N 
diethylaminoethyl acrylate. 
As mentioned above. the cemented lens of the present 

invention consists of two lens elements. one containing a 
UV absorber and the other containing no UV absorber. The 
lens element that does not contain a UV absorber may be the 
front or rear lens. However. considering the fact that the 
mating surface of the front lens element which provides 
power for the ?nal cemented lens is concave. the lens 
element that does not contain a UV absorber is preferably 
used as the front lens if UV radiation is to be applied from 
beneath the front lens since the adhesive can be cured 
without sagging. If this approach is taken. UV radiation 
applied from beneath the front lens that does not contain a 
UV absorber reaches the adhesive layer to cure it. Since the 
rear lens contains a UV absorber. the lightfastness of the 
cemented lens or the user’s eye will not be adversely 
atfected even if the front lens does not contain a UV 
absorber. If UV radiation is to be applied from above the rear 
lens. the lens element that does not contain a UV absorber 
is preferably used as the rear lens. 

Further. a tinted lens element permits transmission of UV 
radiation in varying amounts depending on the density of 
tinting. and a smaller amount of UV radiation will be 
transmitted as the density increases. Hence. if a tinted. 
cemented lens is to be produced according to the present 
invention. the lens element that contains a UV absorber is 
preferably tinted whereas the lens element to be illuminated 
with UV radiation is not tinted. 
The accompanying Figure shows a cross section of a 

cemented lens according to an embodiment of the present 
invention. As shown. a tinted rear lens 1 containing a UV 
absorber is bonded to a front lens 3 with a UV-curable 
adhesive 2. The front lens 3 neither contains a UV absorber 
nor is tinted. To produce the cemented lens shown in the 
drawing. UV radiation is applied from beneath the front lens 
3 that does not contain either a UV absorber or a tinting dye. 
so that the applied UV radiation passes unimpeded through 
the front lens 3 and reaches the UV—curable adhesive 2 to 
cure it rapidly. 
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EXAMPLES OF THE INVENTION 

The following examples are provided for the purpose of 
further illustrating the present invention. but are in no way 
to be taken as limiting. 
The performance of the cemented lenses produced in the 

examples and comparative examples was tested. and the 
results are set forth in the Table below. where the compara 
tive examples are designated by a “GE” pre?x. The follow 
ing is an explanation of the testing methods used and the 
results shown in the Table. 

Precision 
The (e.g., corrective) power and diopters of the cemented 

lens products was measured with a refractometer. and their 
appearance was inspected visually. with a o in the Table 
indicating that nothing abnormal occured in the measure 
ment or the lens appearance as compared to the desired 
precision. and an X indicating that something abnormal was 
found. 

Adhesion Under Humid Conditions 
The products were left to stand in a humidi?er at 50° C. 

for 24 hours. with a o in the Table indicating that no 
separation occurred in the bonded area. and an X indicating 
that separation occurred 

Adhesion In Hot Water 
The products were immersed in hot water at 60° C. for 2 

hours. with a o in the Table indicating that no separation 
occurred in the bonded area. and an X indicating that 
separation occurred. 
Adhesion Upon Impact 
The products were dropped from a height of 150 cm. with 

a o in the Table indicating that no separation occurred in the 
bonded area. and an X indicating that separation occurred. 

EXAMPLEI 

Two thin lens elements were made from a diethylene 
glycol bisallyl carbonate resin. and one of them which did 
not contain a UV absorber was used as the front lens. 0.3 
grams of a UV-curable adhesive (Z-hydroxyethyl acrylate) 
was dropped on the concave surface of this front lens. The 
other lens element had a benzophenone compound incorpo 
rated as a UV absorber in an amount of 0.2 wt%. and this 
rear lens was bonded to the front lens with UV radiation (10 
mwlcmz) being applied from the side of the front lens for 6 
minutes. After bonding the two lens elements in this manner. 
the performance of the cemented lens was evaluated. As can 
be seen from the Table. there was nothing abnormal in 
precision or in the adhesion between the mating surfaces. 

EXAMPLE 2 

Two thin lens elements were made from a diethylene 
glycol bisallyl carbonate resin. and one of them which did 
not contain a UV absorber was used as the front lens. 0.3 
grams of a UV-curable adhesive (Z-hydroxyethyl acrylate) 
was dropped on the concave surface of this front lens. The 
other lens element had a benzophenone compound incorpo 
rated as a UV absorber in an amount of 0.2 wt %. and it was 
also tinted. This rear lens was bonded to the front lens with 
UV radiation (10 mW/cm2) being applied from the side of 
the front lens for 6 minutes. After bonding the two lens 
elements in this manner. the performance of the cemented 
lens was evaluated. As can be seen from the Table. there was 
nothing abnormal in precision or in the adhesion between 
the mating surfaces. 

EXAMPLE 3 

Two thin lens elements were made from a diethylene 
glycol bisallyl carbonate resin. and one of them which did 
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4 
not contain a UV absorber was used as the front lens. 0.3 
grams of a UV-curable adhesive (2-isobornyl acrylate) was 
dropped on the concave surface of this front lens. The other 
lens element had a benzophenone compound incorporated as 
a UV absorber in an amount of 0.2 wt %. and this rear lens 
was bonded to the front lens with UV radiation (10 
mW/cm2) being applied from the side of the front lens for 6 
minutes. After bonding the two lens elements in this manner. 
the performance of the cemented lens was evaluated. As can 
be seen from the Table. there was nothing abnormal in 
precision or in the adhesion between the mating surfaces. 

EXAMPLE 4 

A thin front lens was made from a diethylene glycol 
bisallyl carbonate resin containing no UV absorber. 0.3 
grams of a UV-curable adhesive (isobornyl acrylate) was 
dropped on the concave surface of this front lens. Thereafter. 
each of rear lenses that were made from polyurethane. 
styrene. polycarbonate and polymethyl methacrylate resins. 
respectively. and which contained 0.2 wt % of a benzophe 
none cornpound as a UV absorber was bonded to the front 
lens with UV radiation (10 mW/cm2) being applied from the 
side of the front lens for 6 minutes. After bonding the two 
lens elements in this manner. the performance of the 
cemented lens was evaluated. As can be seen from the Table. 
there was nothing abnormal in precision or in the adhesion 
between the mating surfaces. 

EXAMPLE 5 

Two thin lens elements were made from a diethylene 
glycol bisallyl carbonate. and one of them which contained 
0.2 wt % of a benzophenone compound as a UV absorber 
was used as the front lens. 0.3 grams of a UV-curable 
adhesive (2-hydroxyethyl acrylate) was dropped on the 
concave surface of this front lens. The other lens element 
which did not contain a UV absorber was used as the rear 
lens and was bonded to the front lens with UV radiation (10 
mW/cm2) being applied from the side of the rear lens for 6 
minutes. After bonding the two lens elements in this manner. 
the performance of the cemented lens was evaluated. As can 
be seen from the Table. there was nothing abnormal in 
precision or in the adhesion between the mating surfaces. 

COMPARATIVE EXAMPLE 1 

Two thin lens elements were made from a diethylene 
glycol bisallyl carbonate resin containing 0.2 wt % of a 
benzophenone compound as a UV absorber. They were 
respectively used as the front and rear lenses. 0.3 grams of 
a UV-curable adhesive (2-hydroxyethyl acrylate) was 
dropped on the concave surface of the front lens. and the rear 
lens was bonded to it with UV radiation (10 mwlcmz) being 
applied from the side of the front lens for 6 minutes. After 
bonding the two lens elements in this manner. the perfor 
mance of the cemented lens was evaluated. As can be seen 
from the Table. there was nothing abnormal in precision but 
separation occurred between the mating surfaces in the 
adhesion tests in a humid condition. in hot water and under 
impact. 

COMPARATIVE EXAMPLE 2 

Two thin lens elements were made from a diethylene 
glycol bisallyl carbonate resin containing 0.2 wt % of a 
benzophenone compound as a UV absorber. They were 
respectively used as the front and rear lenses. 0.3 grams of 
a UV-curable adhesive (Z-hydroxyethyl acrylate) was 



Re. 36,049 
5 

dropped on the concave surface of the front lens. and the rear 
lens was bonded to it with UV radiation (10 mW/cm2) being 
applied from the side of the front lens for 50 minutes. After 
bonding the two lens elements in this manner. the perfor 
mance of the cemented lens was evaluated. As can be seen 
from the Table. there was nothing abnormal in the adhesion 
tests but extensive yellowing was detected in the mating 
surfaces in the precision test. 

COMPARATIVE EXAMPLE 3 

Two thin lens elements were made from a diethylene 
glycol bisallyl carbonate resin. One of them which did not 
contain a UV absorber but which was tinted was used as the 

front lens. and 0.3 grams of a UV-curable adhesive 
‘ (Z-hydroxyethyl acrylate) was dropped on the concave sur 

face of this front lens. The other lens element which had a 
benzophenone compound incorporated as a UV absorber in 
an amount of 0.2 wt % was bonded to the front lens with UV 

radiation (10 rnW/cm2) being applied from the side of the 
front lens for 6 minutes. After bonding the two lens elements 
in this manner. the performance of the cemented lens was 
evaluated. As can be seen from the Table. there was nothing 
abnormal in precision but separation occurred between the 
mating surfaces in the adhesion tests in a humid condition. 
in hot water and under impact. 

COMPARATIVE EXAMPLE 4 

Two thin lens elements were made from a diethylene 
glycol bisallyl carbonate resin. One of them which did not 
contain a UV absorber but which was tinted was used as the 

front lens. and 0.3 grams of a UV-curable adhesive 
(Z-hydroxyethyl acrylate) was dropped on the concave sur 
face of this front lens. The other lens element. which had a 
benzophenone compound incorporated as a UV absorber in 
an amount of 0.2 wt %. was bonded to the front lens with UV 

radiation (10 mW/cm2) being applied from the side of the 
front lens for 50 minutes. After bonding the two lens 
elements in this manner. the performance of the cemented 
lens was evaluated. As can be seen from the Table. there was 
nothing abnormal in adhesion tests but extension color 
change was detected in the tinted surface in the precision 
test. 

TABLE 

Adhesion Adhesion Adhesion 
in Humid in Hot Under 

Example Precision Condition Water Impact 

1 o o o o 

2 o o o o 

3 o c o o 

4 o o o o 

5 o o o 0 

CE 1 o X X X 
CE 2 X o o 0 

CE 3 o X X X 
CE 4 X 0 o 0 

Note: 
The Example 4 includes four types each having a rear lens made of 
polyurethane, styrene. polycarbonate and poiymethyl methacrylate. 

According to the present invention. a UV-curable adhesive 
applied to the mating surfaces of the two lens elements can 
be cured rapidly with UV radiation being applied in a dose 
comparable to ordinary levels. Hence. the present invention 
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6 
permits cemented lenses to be manufactured without much 
time lag from the receipt of orders. ?irther. the resulting 
cemented lens contains a UV absorber in one of the two lens 
elements. so it can be used on the eye without causing any 
trouble. As a further advantage. the lens has satisfactory 
lightfastness. 

It will be appreciated that various changes and modi?ca 
tions may be made to the invention without departing from 
the spirit and scope of the invention as defined in the 
following claims. 
What is claimed is: 
1. A cemented lens. consisting of a ?rst lens element that 

contains a UV absorber and a second lens element that does 

not contain a UV absorber. 

2. A cemented lens according to claim 1. wherein said 
second lens element is positioned away from the eye. 

3. The cemented lens of claim 1. wherein said ?rst and 
second lens elements are bonded together with a UV-curable 

adhesive. which is cured with UV radiation projected 
through said second lens element which does not contain a 
UV absorber. 

4. The cemented lens of claim 3. wherein said ?rst lens 
element is tinted and said second lens element is not tinted. 

5. A cemented lens according to claim 4. wherein said 
untinted lens element is positioned away from the eye. 

6. A process for producing a cemented lens. comprising 
the steps of applying a UV-curable adhesive onto mating 
surfaces of a ?rst lens element containing a UV absorber and 
a second lens element not containing a UV absorber. assem 
bling the two lens elements and applying UV radiation to the 
assembly through the second lens element. 

7. A process according to claim 6. wherein said second 
lens element is positioned away from the eye. 

8. A process according to claim 6. wherein the untinted 
lens element is positioned away from the eye. 

9. A process for producing a cemented lens. comprising 
the steps of applying a UV-curable adhesive onto mating 
surfaces of a tinted lens element. which contains a UV 
absorber and an untinted lens element. which does not , 
contain a UV absorber. assembling the two lens elements 
and applying UV radiation to the assembly through the 
untinted lens element. 

10. A cemented lens according to claim I, wherein said 
?rst lens element comprises polycarbonate resin or polyure 
thane resin. 

11. A cemented lens according to claim 1, wherein said 
second lens element comprises diethyleneglycol bisallylcar 
bonate polymer 

12. A cemented lens according to claim I, wherein a 
surface of said second lens element is a multi-focus surface, 
a progressive multi-focus surface, or an aspheric surface. 

13. A cemented lens according to claim I, wherein said 
first lens element has a negative power. 

14. A cemented lens according to claim 13, wherein said 
second lens element comprises diethyleneglycol bisallylcar 
bonate polymer: 

[5. A cemented lens according to claim I, wherein said 
second lens element has a positive power. 

16. A cemented lens according to claim I, further com 
prising a light-setting adhesive which bonds said first and 
second lens elements. 

17. A cemented lens according to claim I6, wherein said 
light-setting adhesive comprises a UV curable adhesive. 
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I 8. A cemented lens comprising: 
a ?rst lens located on a user’s eye side of the cemented 

lens, said ?rst lens comprising polycarbonate resin or 
polyurethane resin; and 

a second lens located on an object side of the cemented 5 
lens, said front lens comprising a synthetic resin having 
a refractive index different from a refractive index of 
said rear lens, wherein only one of said ?rst and second 
lenses contains a UV absorber: 

I 9. A cemented lens according to claim 18, wherein said 10 
second lens comprises diethyleneglycol bisallylcarbonate 
polymen 

20. A cemented lens according to claim 18, wherein said 
?rst lens contains a UV absorber: 

8 
21. A cemented lens according to claim 18, wherein a 

surface of said second lens element is a multi-focus surface, 
a progressive multi-focus surface, or an aspheric surface. 

22. A cemented lens according to claim 18, wherein said 
?rst lens has a negative power: 

23. A cemented lens according to claim 18, wherein said 
second lens has a positive power 

24. A cemented lens according to claim 18, further 
comprising a light-setting adhesive which bonds said ?rst 
and second lenses. 

25. A cemented lens according to claim 18, wherein said 
light-setting adhesive comprises a UV curable adhesive. 

***** 


