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(57) ABSTRACT

An optical article includes a plastic substrate, wherein a
primer layer and a hard coat layer are formed on a surface of
the plastic substrate, and the primer layer is formed from a
coating composition containing the following components
(A) to (C): (A) a polyurethane resin; (B) metal oxide fine
particles; and (C) an organosilicon compound.
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OPTICAL ARTICLE AND PROCESS FOR
PRODUCING OPTICAL ARTICLE

BACKGROUND

[0001] 1. Technical Field

[0002] The present invention relates to an optical article to
be used as a plastic lens for spectacles, cameras, and the like,
and a process for producing an optical article.

[0003] 2. Related Art

[0004] Plastic lenses are lightweight and excellent in mold-
ability, processability, dyeability, etc. and less likely to crack
and have high safety as compared with glass lenses. There-
fore, their use has rapidly spread in the field of lenses for
spectacles and they make up a large portion thereof. Further,
recently, in order to meet an additional demand of reducing
the thickness and weight, a material having a high refractive
index such as a thiourethane resin or an episulfide resin has
been developed. For example, a process for producing an
episulfide resin having a very high refractive index by poly-
merization of acompound having an epithio group (an episul-
fide compound) in the presence of sulfur has been proposed
(see JP-A-2004-002712 and JP-A-2005-281527). Such an
episulfide resin can easily exhibit a high refractive index of
1.7 or higher and is effective in reducing the thickness of
lenses for spectacles.

[0005] On the other hand, when the refractive index of a
lens substrate is increased, a primer layer and a hard coat layer
should have a refractive index equal to that of the lens sub-
strate for preventing the occurrence of interference fringe. For
example, in general, any of various metal oxides is incorpo-
rated in the hard coat layer as a filler thereby increasing the
refractive index. As the metal oxide, fine particles of a simple
substance such as titanium oxide, zirconium oxide, antimony
oxide or tin oxide or composite fine particles thereof are used.
However, such a metal oxide is generally poor in light resis-
tance and tends to be colored. Therefore, from the viewpoint
of transparency and stability in the visible light range and the
like, titanium oxide is mainly used. However, titanium oxide
has a property of exhibiting a photocatalytic action under
ultraviolet radiation. Therefore, when titanium oxide is used
as a filler in the hard coat layer, it decomposes a binder
component composed of an organic resin therearound, and
the coat layer is often peeled off. As one of the measures for
this problem, it is often the case that not anatase-type titanium
oxide which is likely to exhibit a photocatalytic action, but
rutile-type titanium oxide which exhibits a relatively less
photocatalytic action is adopted as titanium oxide (for
example, see JP-A-2007-102096).

[0006] However, such rutile-type titanium oxide do not
completely have a photocatalytic action, and an attempt that
the photocatalytic action is reduced by coating the surface
thereof with an insulating material such as silicon dioxide has
also been made, but is not sufficient. Accordingly, when light
resistance is considered, a method of increasing the content of
rutile-type titanium oxide in the coating layer could not sim-
ply increase the refractive index of a hard coat layer or a
primer layer, and when a lens substrate has a refractive index
of 1.7 or higher, the occurrence of interference fringe could
not completely be prevented. Further, a problem has also
arisen that the impact resistance is decreased as the thickness
of a lens substrate is reduced.
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primer layer, and a hard coat layer, causes almost no interfer-
ence fringe, and is excellent in impact resistance, and a pro-
cess for producing an optical article.

[0008] A first aspect of the invention is directed to an opti-
cal article composed of a plastic substrate, wherein a primer
layer and a hard coat layer are formed on a surface of the
plastic substrate, and the primer layer is formed from a coat-
ing composition containing the following components (A) to

©):

[0009] (A) a polyurethane resin;
[0010] (B) metal oxide fine particles; and
[0011] (C) an organosilicon compound.
[0012] Inaccordance with the aspectofthe invention, as the

coating composition for forming the primer layer, not only a
polyurethane resin and metal oxide fine particles are used, but
also an organosilicon compound is used in combination.
Therefore, a space portion in the primer layer is filled with the
organosilicon compound (component (C)), and thus the den-
sity of the entire primer layer is increased. Accordingly, even
without using titanium oxide, or by incorporating only a small
amount of titanium oxide therein, the refractive index of the
primer layer can be improved, and the occurrence of interfer-
ence fringe can be prevented. Further, when the used amount
of titanium oxide is decreased, the photocatalytic action is
also decreased, and the light resistance is improved. Further,
apolyurethane resin is contained in the primer layer, therefore
the impact resistance is also superior.

[0013] As the plastic substrate, a plastic substrate which is
obtained by polymerizing and curing a polymerizable com-
position containing an episulfide compound as a main com-
ponent, and has a refractive index of 1.7 or higher is preferred.
Because the plastic substrate has a high refractive index of 1.7
or higher, the reduction of the thickness of the substrate for an
optical article is easy, and further, an optical article having
few interference fringes can be easily provided.

[0014] It is preferred that the average particle diameters of
the component (A) and the component (B) in the coating
composition are from 5 to 50 nm, respectively, and the aver-
age particle diameter of the component (C) is 5 nm.

[0015] In accordance with this configuration, the average
particle diameters of the component (A) and the component
(B), and the average particle diameter of the component (C)
each fall within a predetermined range, and therefore, the
refractive index of the primer layer can be further improved.
As a result, even when a plastic substrate having a high
refractive index of 1.7 or higher is used, the occurrence of
interference fringe can be effectively prevented.

[0016] The mechanism of this action is presumed as fol-
lows. In the absence of the component (C), even when the
refractive index of metal oxide fine particles as the compo-
nent (B) is increased or the ratio thereof is increased, the
refractive index of the primer layer is not improved so much.
Therefore, as the mechanism of action for achieving the
above-mentioned effect, because the average particle diam-
eters of the above-mentioned respective particles fall within a
predetermined range, the component (C) enters a space (a
space portion) formed by the particles composed of the com-
ponent (A) and the particles composed of the component (B),
resulting in forming a dense layer at such a portion and
contributing to the improvement of refractive index. The aver-
age particle diameters of the above-mentioned respective par-
ticles can be obtalned by a hght scatterlng method
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the plastic substrate and has a refractive index which
decreases in the direction away from the plastic substrate; a
second layer which is in contact with the first layer and has a
refractive index not higher than that of the surface layer of the
first layer; and a hard coat layer which is in contact with the
second layer and has a refractive index lower than that of the
plastic substrate.

[0018] In accordance with this configuration, the optical
article basically includes a plastic substrate, a hard coat layer,
and first and second layers, both of which are sandwiched
between the plastic substrate and the hard coat layer. There-
fore, the first and second layers can be allowed to serve as a
primer layer, that is, a function including adhesion and impact
resistance. Further, by allowing the first layer having a refrac-
tive index which decreases in the direction away from the
plastic substrate to have a function to prevent the occurrence
of interference fringe through adjustment of the refractive
index, the need of increasing the refractive index of the sec-
ond layer can be relieved. Due to this, in the second layer, the
need of increasing the ratio of metal oxide fine particles can
be relieved, therefore, the second layer can sufficiently
exhibit an impact absorbing function. Further, because the
need of increasing the refractive index of the second layer can
be relieved, the need of increasing the refractive index of the
hard coat layer can also be relieved.

[0019] That is, in this optical article, by the first layer,
adhesion and a function to prevent the occurrence of interfer-
ence fringe through adjustment of the refractive index can
mainly be imparted. By the second layer, impact resistance,
that is, impact absorbing function can be mainly imparted.
Further, by providing a hard coat layer which is harder than
the first and second layers on the second layer, scratch resis-
tance and abrasion resistance can be imparted. Further,
because the need of increasing the refractive index of the
second layer and also the need of increasing the refractive
index of the hard coat layer can be relieved by the first layer,
the refractive indices of the second layer and the hard coat
layer to be laminated to the first layer can be lower than that
of the plastic substrate. Accordingly, the constitutions of
these layers, choices of compositions for forming these layers
and the degree of freedom of the designing are increased. As
described above, according to the aspect of the invention, the
occurrence of interference fringe can be prevented, and an
optical article which has high durability including impact
resistance, scratch resistance, and abrasion resistance and
also has a high refractive index can be provided.

[0020] Itis preferred that the second layer is formed from a
second material containing a urethane, ester, epoxy, acrylic or
silicone organic resin and metal oxide fine particles.

[0021] In accordance with this configuration, the second
layer is formed from the second material containing a ure-
thane, ester, epoxy, acrylic, or silicone organic resin and metal
oxide fine particles. Therefore, adhesion becomes more
favorable. Further, among these organic resins, a urethane or
ester organic resin is preferred. The second layer can be
formed by, for example, a dip coating method, a spin coating
method, a spray coating method or the like.

[0022] It is preferred that a first material for forming the
first layer, the second material for forming the second layer
and a third material for forming the hard coat layer each
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contained in the first material is greater than the ratio of the
metal oxide fine particles to the organic resin contained in the
second material.

[0023] Inaccordance with this configuration, the first layer
having a high refractive index in the vicinity of the plastic
substrate can be obtained and also the second layer having
high impact resistance can be obtained. Further, in this case,
the ratio of the metal oxide fine particles to the organic resin
contained in the third material may be set greater than the
ratio of the metal oxide fine particles to the organic resin
contained in the second material.

[0024] It is preferred that the refractive index of the primer
layer decreases continuously or stepwise from the side of the
plastic substrate toward the side of the hard coat layer.
[0025] Inaccordance with this configuration, the refractive
index of the primer layer decreases continuously or stepwise
from the side of the plastic substrate toward the side of the
hard coat layer, therefore, the refractive index of the hard coat
layer can be decreased. That s, even when the refractive index
of the hard coat layer is low, a difference in the refractive
index with the primer layer can be made small, therefore, the
occurrence of interference fringe can be prevented.

[0026] In the past, in the case where a hard coat layer was
formed on a surface of an optical article such as an optical
lens, when the refractive index of a substrate was high, it was
necessary that the a primer layer and the hard coat layer
should have a high refractive index in response thereto. In
accordance with the aspect of the invention, the refractive
index of the hard coat layer should not be increased, and
therefore, the degree of freedom of designing of the hard coat
layer is increased.

[0027] It is preferred that a difference between the refrac-
tive index of the primer layer in the vicinity of the plastic
substrate and the refractive index of the plastic substrate is
0.01 or less.

[0028] In accordance with this configuration, a difference
between the refractive index of the primer layer in the vicinity
of the plastic substrate and the refractive index of the plastic
substrate is a predetermined value or less, therefore, the
occurrence of interference fringe can be effectively pre-
vented.

[0029] It is preferred that a difference between the refrac-
tive index of the primer layer in the vicinity of the hard coat
layer and the refractive index of the hard coat layer is 0.01 or
less.

[0030] In accordance with this configuration, a difference
between the refractive index of the primer layer in the vicinity
of'the hard coat layer and the refractive index of the hard coat
layer is a predetermined value or less, therefore, the occur-
rence of interference fringe can be effectively prevented.
[0031] It is preferred that the component (C) is an organo-
silicon compound having an epoxy group.

[0032] In accordance with this configuration, the organo-
silicon compound has an epoxy group, therefore, the adhe-
sion of the primer layer to the plastic substrate and the hard
coat layer is excellent. Further, the crosslink density of the
primer layer is not increased too much and is appropriately
controlled, therefore, the optical article is excellent in impact
resistance.

[0033] It is preferred that the component (C) is an orga-
noalkoxysilane compound and the organoalkoxysilane com-
pound is used in the form of an unhydrolyzed monomer.
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lyzed monomer, therefore, it is easily filled in a space portion
in the primer layer as compared with the case where it is
polymerized by hydrolysis. Accordingly, the refractive index
of'the primer layer is further improved, and the occurrence of
interference fringe can be prevented although an episulfide
plastic substrate having a refractive index of 1.7 or higher is
used.

[0035] Itis preferred that the ratio of the component (C) to
the total components (A) to (C) is from 0.1 to 10% by mass.
[0036] In accordance with this configuration, the ratio of
the organosilicon compound as the component (C) is 0.1% by
mass or more, therefore, the adhesion to the plastic substrate
and the hard coat layer is superior. In addition, because the
ratio of the organosilicon compound is 10% by mass or less,
a decrease in the refractive index and abrasion resistance is
not caused. The upper limit of the component (C) is prefer-
ably 7% by mass or less; and more preferably 5% by mass or
less.

[0037] Itis preferred that the component (B) is metal oxide
fine particles surface-treated with an organosilicon com-
pound having an alkyl group.

[0038] In accordance with this configuration, by using a
polyurethane resin and metal oxide fine particles surface-
treated with an organosilicon compound having an alkyl
group such as a methyl group, the compatibility between the
resin component and the metal oxide fine particle component
is improved in the primer layer, and as a result, the homoge-
neity is improved. Therefore, the occurrence of interference
fringe is prevented and the impact resistance is also improved.
Further, when the homogeneity of the primer layer is
improved, the homogeneity of spaces to be filled with an
organosilicon compound as the component (C) is also
improved at the same time, and as a result, the refractive index
of the primer layer is further improved and the occurrence of
interference fringe can be more effectively prevented.
[0039] It is preferred that the component (B) is metal oxide
fine particles containing titanium oxide having a rutile-type
crystal structure as a main component.

[0040] In accordance with this configuration, metal oxide
fine particles containing titanium oxide having a rutile-type
crystal structure as a main component are used as the com-
ponent (B), therefore, not only the refractive index of the
primer layer is improved, but also the light resistance is
improved. In particular, a polyurethane resin to be used as the
component (A) greatly contributes to the improvement of
light resistance.

[0041] It is preferred that the ratio of the component (B) to
the total components (A) to (C) is from 40 to 80% by mass.
[0042] In accordance with this configuration, the ratio of
the metal oxide particles as the component (B) to the total
components (A) to (C) falls within a predetermined range of
from 40to 80% by mass, therefore, the refractive index of the
primer layer can be sufficiently increased, and also the
crosslink density of the primer layer can be appropriately
maintained, and further, the hardness and impact resistance
are not impaired.

[0043] Itis preferred that the optical article according to an
aspect of the invention is a plastic lens.

[0044] In accordance with this configuration, a substrate
having a refractive index of 1.7 or higher, i.e., having a high
refractive index is used, and moreover, a primer layer is
formed from the above mentloned components (A) to (C)
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can be provided. Accordingly, the plastic lens according to the
aspect of the invention can be widely used as a variety of
thin-type optical lenses such as lenses for spectacles, lenses
for cameras, lenses for telescopes, lenses for microscopes and
collective lenses for steppers.

[0045] A second aspect of the invention is directed to a
process for producing an optical article composed of a plastic
substrate includes a substrate production step of producing a
plastic substrate by polymerizing and curing a polymerizable
composition; and a surface treatment step of forming a primer
layer and a hard coat layer on a surface of the plastic substrate,
wherein in the formation of the primer layer in the surface
treatment step, a coating composition containing the follow-
ing components (A) to (C) is used:

[0046] (A) a polyurethane resin;
[0047] (B) metal oxide fine particles; and
[0048] (C) an organosilicon compound.
[0049] In accordance with the aspect of the invention, a

plastic substrate is produced by polymerizing and curing a
polymerizable composition, therefore, a substrate having a
different refractive index can be easily obtained. For example,
when a polymerizable composition containing an episulfide
compound as a main component is used, a substrate having a
high refractive index of 1.7 or higher can be easily obtained.
Further, because the production process includes a surface
treatment step of forming a given primer layer and hard coat
layer, an optical article which has few interference fringes and
is excellent in scratch resistance and impact resistance can
easily be produced.

BRIEF DESCRIPTION OF THE DRAWING

[0050] Theinvention will be described with reference to the
accompanying drawing, wherein like numbers reference like
elements.

[0051] TheFIG.11is aview schematically showing a plastic
lens as an optical article according to a second embodiment of
the present invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0052] Hereinafter, embodiments of an optical article and a
process for producing an optical article of the present inven-
tion will be described in detail.

First Embodiment

[0053] An optical article of this embodiment is a plastic
lens for spectacles and has a plastic lens substrate (hereinafter
also referred to as merely a “lens substrate™), a primer layer
formed on a surface of the lens substrate and a hard coat layer
formed on the upper surface ofthe primer layer. Further, in the
plastic lens of this embodiment, further an antireflection layer
is formed on the upper surface of the hard coat layer. Here-
inafter, the lens substrate, primer layer, hard coat layer and
antireflection layer will be described.

1. Lens Substrate

[0054] The lens substrate is not particularly limited as long
as it is a plastic resin, however, in light of reduction of the
thickness of a lens for spectacles or for obtaining a difference
in the refractive index with the antireflection layer formed on
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