
COMPOSITE CONTACT LENS AND METHOD FOR MANUFACTURING
LENS  MATERIAL  Technical field (0001) The present
invention relates to a composite contact lens  having
a central part consisting of a hard material and a
peripheral part consisting of a soft material, and a
method  of manufacturing a lens material for
manufacturing the  composite contact lens. (0002)
Generally, the contact lens is classified broadly into
a hard contact lens and a soft contact lens. A hard
plastic  is used as the material of the hard contact
lens, thus having  an advantage that optical
properties are excellent, and a  corneal astigmatism
can be corrected. However, a problem  involved therein
is that a foreign substance feel on wearing  is
developed, because the material is hard. (0003)
Meanwhile, a soft plastic is used as the material of
the  soft contact lens, and its kind includes the one
composed of  a hydrous material and the one composed
of non-hydrous  material. (0004) Most of the soft
contact lenses are composed of hydrous  materials. The
soft contact lens composed of the hydrous  material
contains water and is soft. Therefore, such a soft  1 



contact lens is excellent in wearing feel, compared to
the hard  contact lens. However, problems involved
therein are that  optical properties in this case is
deteriorated, and a toric  shaped lens design is
required for having astigmatism  correcting
capability, thus making a prescription complicated
and making it easy to generate unstableness of
corrected  eyesight due to the unstableness of an
astigmatism axis.  (0005) In addition, the soft
contact lens composed of  non-hydrous material has a
risk that when a lens does not move  during wearing,
or even if it moves, only a small movement is  allowed
despite an excellent wearing feel, lacrimal fluid
exchange does not take place, thus causing a damage to
cornea.  In addition, a large contact lens may
sometimes cause  oppressive feeling and burning
sensation, etc, during wearing.  (0006) In order to
solve the aforementioned conventional  drawbacks of
the contact lens composed of a single material,  the
composite contact lens having the central part
consisting  of a hare material and the peripheral part
consisting of a soft  material is proposed. According
to this composite contact  lens, an excellent wearing
feel unique to the soft contact lens  and an excellent
optical property unique to the hard contact  lens can
be exhibited. In addition, it is possible to dispose
the material having different refractive index in the
same  optical part. Therefore, such a composite
contact lens has  2 



a usability as a multifocal contact lens.  (0007)
Incidentally, Patent document 1 and Patent document 2
propose the composite contact lens using the
non-hydrous  material in the peripheral part. In this
case, after a cutting  process of the lens, the
peripheral part requires softening  by a post-treating
such as acid-treating and ester exchange  by alcohol.
Therefore, a problem of lacking in practicability  is
posed, because the hard material is limited to a
specific  one, the steps are increased, and it is
difficult to control  the softening of the peripheral
part. (0008) Accordingly, the hydrous material is used
in the  peripheral soft material in many cases
proposed heretofore.  However, a main technical object
in this case is how firmly  joining the soft material
of the peripheral part which is  swollen by hydration
and the non-hydrous peripheral hard  material, namely,
how to reduce the damage in a joint part of  the
peripheral soft part and the central hard part when
the  lens is formed into a contact lens shape. (0009)
In order to achieve this object, a method of
polymerizing  while changing a composition in a manner
of a sloping line from  the peripheral part to the
central part, so as not to provide  a clear joint part
(for example, see patent document 3), and  a method of
polymerizing while melting a frozen body, which  3 



is obtained by dipping a member frozen and solidified
in a  semi-polymer state into a raw material monomer
mixed solution  forming the other member (for example,
see Patent document 4) .  However, the step is
complicated, and the control of polymer  is difficult,
thus making it impossible to realize practical  use
thereof. (0010) Further, as is cited in the patent
document 5 and the  patent document 6, such methods
are known as obtaining a  composite material by
polymerizing the monomer mixed solution  for providing
a peripheral material in the periphery of a  columnar
hard part material, and as obtaining the composite
material by providing a circular columnar cavity in
the  peripheral material, then polymerizing in this
cavity the  monomer mixed solution for providing the
central hard part.  However, in the composite contact
lens after swollen by  hydration, obtained by the
aforementioned composite materials,  when the
peripheral part is pulled in a direction along the
curvature of the lens from the center to the
periphery, or when  the peripheral part is pulled in a
shear direction from the  convex surface to the
concave surface of the lens, a certain  degree of
strength can be exhibited. However, when the
peripheral part is pulled in the shear direction from
the  concave surface to the convex surface of the
lens, a breakage  is relatively easily generated in
the joint part in some cases.  (0011) 4 



Meanwhile, techniques described in patent document 7
and  patent document 8 disclose the method of
increasing a joint  area by inclining the joint area
between the central hard part  and the peripheral soft
part irrespective of an angle, thereby  increasing the
strength as a result. However, when the lens  is
actually handled, such as cleaning and removing from
eyes,  tensile strength and tear strength in the shear
direction from  the concave surface to the convex
surface is rather important,  and when actual handling
of the lens is taken into consideration,  it is not
sufficient to increase the joint area. (0012)  Patent
document 1: Japanese Patent Laid Open No. 03-92336
Patent document 2: Japanese Patent Laid Open No.
05-72502  Patent document 3: Japanese Patent Laid Open
No. 60-49298  Patent document 4: Japanese Patent Laid
Open No. 06-89045  Patent document 5: Japanese Patent
Laid Open No. 55-29402  Patent document 6: Japanese
Patent Laid Open No. 57-6562  Patent document 7: US
Patent No. 3973838  Patent document 8: 5 



US Patent No. 2004/0046931A1  DISCLOSURE OF THE
INVENTION PROBLEM TO BE SOLVED BY THE INVENTION
(0013) As described above, in a case of the
conventional  composite contact lens, although it is
possible to make the  composite contact lens by having
both of a good wearing feel  unique to the soft
contact lens and an excellent optical  property unique
to the hard contact lens, the problem of  breakage
generated on handling the lens is not sufficiently
solved, because of the problem on performance of the
joint part  between the central hard part and the
peripheral soft part.  (0014) In view of the
above-described circumstances, an object  of the
present invention is to provide the composite contact
lens capable of improving the tensile strength and the
tear  strength in the shear direction from the convex
surface to the  concave surface or from the concave
surface to the convex  surface of the lens generated
when usually handling the lens,  thus improving
durability, and a method of manufacturing the  lens
material for manufacturing the composite contact lens.
Means to solve the Problem (0015) For example, as is
disclosed in patent document 5 and  6 patent document
6, such methods is known as obtaining the  composite
material by polymerizing the monomer mixed solution  



for providing the peripheral material in the periphery
of the  columnar hard part material, and such as
obtaining the  composite material by providing a
columnar cavity in the  peripheral part material and
polymerizing in this cavity the  monomer mixed
solution for providing the central hard part.
However, in the composite contact lens after swollen
by  hydration obtained from such composite materials,
when the  peripheral part is pulled in a direction
along the curvature  of the lens from the center to
the periphery, or when the  peripheral part is pulled
in a shear direction from the convex  surface to the
concave surface of the lens, a certain degree  of
strength can be exhibited. However, when the
peripheral  part is pulled in the shear direction from
the concave surface  to the convex surface of the
lens, a breakage is relatively  easily generated in
the joint part in some cases. (0016) An angle formed
by the joint surface of the composite  contact lens
obtained by such composite materials is an acute
angle, and for example, when the curvature radius of
the concave  surface is 8.Omm, with a diameter of a
center material set at  8.00mm, the angle is
calculated to be 60. Namely, since this  angle is the
acute angle, when the peripheral part is pulled  in
the shear direction from the concave surface to the
convex  surface of the lens, a crack is easily
generated in the joint  7 part, and a directional
property appears in the breakage at  the joint part. 



(0017) Meanwhile, the patent document 7 and patent
document 8  disclose the method of increasing the
joint area by inclining  the joint surface between the
central hard part and the  peripheral soft part
irrespective of the angle, thereby  increasing the
strength as a result. It is true that when the
peripheral part is pulled along the direction of the
curvature  of the lens from the center to the
periphery, it is easily  estimated that the strength
is increased, as the joint area  becomes larger.
However, when the lens is actually handled,  such as
cleaning and removing from eyes, tensile strength and
tear strength in the shear direction from the concave
surface  to the convex surface is rather important.
(0018) Namely, in a final product, the lens is desired
to have  not an excessive strength in a particular
direction, but a  practically sufficient strength in
all directions.  Conventionally, in a disclosed
example of a publication of an  unexamined patent
publication, an inclined angle of the joint  part is
not particularly taken into consideration, and an
improvement of strength by the increase of the joint
area is  described. However, as described above, when
the inclined  angle of the joint surface with respect
to the convex surface  or the concave surface is not
appropriately set, deterioration  8 of strength occurs
in some cases. Namely, when actual handling  of the
lens is taken into consideration, it is not sufficient



to increase the joint area, and setting of an
appropriate  inclined angle of the joint surface is
important. (0019) In order to achieve the
above-described object, after  strenuous efforts and
studies, it is found that a joint strength  in the
shearing direction of the lens cut out in a limited
direction, from the composite contact lens material
obtained  by joining the central hard material and the
peripheral soft  material so as to have an
inclination, is significantly  improved compared to
that of the lens not having the inclination  in the
joint surface. (0020) Namely, a breakage strength of
the joint part in the shear  direction from the
concave surface to the convex surface of  the
composite contact lens cut out so as to have the joint
surface inclined in a direction that the diameter of
the central  hard part in the convex surface of the
lens is larger than that  in the concave surface, is
significantly improved compared to  that of the lens
not having the inclination in the joint surface.
Thus, the present invention as will be described later
is  completed. Also, by providing an appropriate
shaped  concentric convex part which is projected
forward with respect  to a convex surface curve of an
optical part, it is found that  the joint area can be
increased without increasing a thickness  9 of an
entire body of the lens, thus making it possible to
reduce  the breakage at the joint part, forcibly apply
a movement to  



the lens by blinking, and improve safety of cornea and
wearing  feel. Thus, the present invention as will be
described later  is completed. (0021) Therefore, the
invention of claim 1 provides the  composite contact
lens having the central part consisting of  the hard
material and the peripheral part consisting of the
soft material with hydrous property, wherein the joint
surface  between the central hard part and the
peripheral soft part is  formed of a single conical
surface inclined so that the diameter  of the hard
part in the lens convex surface is larger than the
diameter of the hard part in the lens concave surface,
and the  inclination angle of the conical surface is
set so that the  angle formed by the joint surface and
the lens concave surface  is approximately at 90.
(0022) The invention of claim 2 provides the composite
contact  lens according to claim 1, wherein the hard
material is composed  of a copolymer, with 30 to 60wt%
of silicon-containing alkyl  (metha) acrylate, 2 to
15wt% of 2-hydroxyethyl methacrylate,  and 30 to 60wt%
of fluorine-contained alkyl (metha) acrylate  as
essential monomer components. (0023) The invention of
claim 3 provides the composite contact  10 lens
according to either of claim 1 or 2, wherein the soft
material having the hydrous property is composed of
the  



copolymer, with 20 to 60wt% of 2-hydroxyethyl
methacrylate,  20 to 60wt% of 2-methoxyethyl acrylate,
and 5 to 30wt% of  fluorine-contained alkyl (metha)
acrylate as essential  monomer components. (0024) The
invention of claim 4 provides the composite contact
lens according to any one of claims 1 to 3, wherein on
the convex  surface side of the lens, an annular
convex part is formed,  which protrudes forward with
respect to the convex surface  curve of the optical
part, in an appearance of a concentric  shape with
respect to the optical axis of the lens. (0025) The
invention of claim 5 provides the composite contact
lens according to claim 4, wherein the annular convex
part is  disposed on the joint part between the
central hard part and  the peripheral soft part.
(0026) The invention of claim 6 provides the composite
contact  lens according to either of claim 4 or 5,
wherein the height  of the annular convex part is set
to be 0.1mm or less with  respect to the convex
surface curve of the optical part, and  a width of a
contact point of a curve forming a contour of a
sectional face of the convex part and the convex
surface curve  of the lens is set to be 0.04 mm or
more. 11 (0027) The invention of claim 7 provides a
method of  



manufacturing a lens material of the composite contact
lens  according to any one of claims 1 to 6,
comprising: a first step of forming a taper hole, with
the conical  surface set as a hole wall surface, in a
material for forming  the soft part whereby the
peripheral soft part is formed; and a second step of
injecting and polymerizing into the  taper hole a raw
material monomer mixed solution of the material  for
forming the hard part whereby the central hard part is
formed, wherein by sequentially passing through the
first step  and the second step, the lens material for
the composite contact  lens having the central part
consisting of the hard material  and the peripheral
part consisting of the soft material is  manufactured.
(0028) The invention of claim 8 provides the method of
manufacturing the lens material according to claim 7,
wherein  in the first step, the raw material monomer
mixed solution of  the material for forming the soft
part is injected and  polymerized into a
polymerization container, and the taper  hole is
formed on the soft material after polymerization by  a
cutting process. (0029) The invention of claim 9
provides the method of  12 manufacturing the lens
material according to claim 7, wherein  in the first
step, the raw material monomer mixed solution of  



the material for forming the soft part is injected
into the  polymerization container, and a male mold
having a taper  projection with the conical surface as
an outer peripheral  surface, is arranged in the raw
material monomer mixed solution,  and in this state,
by polymerizing the raw material monomer  mixed
solution, and removing the male mold after
polymerization, the soft material having the taper
hole is  obtained. (0030) The invention of claim 10
provides the method of  manufacturing the lens
material according to claim 7, wherein  in the first
step, the raw material monomer mixed solution of  the
material for forming the soft part is injected into
the  polymer container, and the male mold having a
projection for  forming a pilot hole is arranged in
the raw material monomer  mixed solution, and in this
state, by polymerizing the raw  material monomer mixed
solution, the soft material having the  pilot hole is
formed by removing the male mold after
polymerization, and subsequently by using this pilot
hole, the  taper hole is formed on the soft material
by a cutting process.  (0031) The invention of claim
11 provides the method of  manufacturing the lens
material according to either of claim  9 or 10,
wherein the male mold is integrally formed with an  13
inner face of a lid for sealing an opening part of the
polymer  container. 



(0032) The invention of claim 12 provides the method
of  manufacturing the lens material according to any
one of claims  7 to 11, wherein the inner face of the
polymer container is  constituted as a molding face
having high adhesiveness capable  of firmly adhering
to the soft material after polymerization,  and at
least the surface of the projection of the male mold
is constituted as the molding face having low
adhesiveness  capable of being hardly adhered to the
soft material after  polymerization. (0033) The
invention of claim 13 provides the lens material for
the composite contact lens according to any one of
claims 1  to 6, wherein the hard material having the
taper projection,  with the conical surface as the
outer peripheral surface, is  prepared as the material
for the hard part whereby the central  hard part is
constituted, and in a circumference of the taper
projection, the raw material monomer mixed solution of
the  material for the soft part, whereby the soft part
is constituted,  is polymerized to be integral with
the hard material, and thus  the lens material for the
composite contact lens having the  central part
consisting of the hard material and the peripheral
part consisting of the soft material is manufactured.
Advantage of the Invention 14 (0034) According to the
composite contact lens of the present  



invention, the joint surface between the central hard
part and  the peripheral soft part is formed of a
single conical surface  inclined so that the diameter
of the hard part in the lens convex  surface is larger
than the diameter of the hard part in the  lens
concave surface, and the inclination angle of the
conical  surface is set so that the angle formed by
the joint surface  and the lens concave surface is
approximately at 900 (obtuse  angle in the shear
direction from the concave surface to the  convex
surface). Therefore, even when the peripheral part is
pulled in the shear direction from the concave surface
to the  convex surface of the lens, the crack is
hardly generated at  the joint surface, and the
breakage of the joint part can be  effectively
prevented. Accordingly, the strength can be  increased
against the force applied when the lens is actually
handled such as cleaning and removing from the eyes,
thus  improving the durability. (0035) In addition,
when the annular convex part is formed,  which
projects forward with respect to the convex surf ace
curve  of the optical part, so as to be concentric
with respect to  the optical axis of the lens, the
movement can be forcibly  applied to the lens by a
blink during wearing the lens. Further,  when
particularly the annular convex part is disposed on
the  joint part between the central hard part and the
peripheral  15 soft part, the joint area can be
increased without making the  thickness of the entire
body of the lens larger. Therefore,  



the breakage at the joint part can be further reduced.
(0036) Also, according to the method of manufacturing
the lens  material of the present invention, the lens
material capable  of effectively manufacturing the
composite contact lens can  be manufactured. Best Mode
for Carrying out the Invention  (0037) Preferred
embodiments of the present invention will be
explained hereafter, with reference to the drawings.
FIG. 1 and FIG. 2 are block diagrams of a composite
contact  lens according to a first embodiment. This
composite contact lens 10 is the composite contact
lens having a central part consisting of a hard
material and  a peripheral part consisting of a soft
material with hydrous  property. A joint surface 3A
between a central hard part 1  and a peripheral soft
part 2 is formed of a single conical  surface inclined
so that a diameter Dl of the hard part 1 in  the lens
convex surface FC is larger than a diameter D2 of the
hard part 1 in the lens concave surface BC, and an
inclination  angle a of the conical surface is set so
that an angle 0 formed  by the joint surface 3A and
the lens concave surface BC is  approximately at 90.
16 (0038) By setting the inclination angel a of the
conical surface  in a range from 15 to 60 of the
conical surface as a specific  



numerical value, the angle 0 formed by the joint
surface 3A  and the lens concave surface BC, the angle
0 formed by the joint 111  surface 3A and the lens
concave surface BC is set in a range from 70 to 110,
thus making it possible to expect an increase  of a
strength. Note that when the inclination angle a of
the  conical surface is smaller, the effect of
reducing the breakage  at the joint part 3 of the
composite contact lens manufactured  from the lens
material becomes smaller. Conversely, when the
inclination angle a is larger, variation of the
diameter of  the central part due to a processing
error of a position, where  the lens is cut out, is
easily made larger. In addition, the  joint surface
may be deliberately roughened to increase the  joint
area. it  (0039) In this way, by setting the angle 0
of the joint surface  3A between the central hard part
1 and the peripheral soft part  2, even when the
peripheral part is pulled in the shear  direction from
the concave surface BC to the convex surface  FC of
the lens, the crack is hardly generated at the joint
part  3, thus making it possible to effectively
prevent the breakage  of the joint part 3.
Accordingly, the strength can be  increased against
the force applied when the lens is actually  handled,
such as cleaning and removing from the eyes, thus  17
improving the durability.  



(0040) FIG.3 and FIG.4 are block diagrams of the
composite  contact lens according to a second
embodiment. This composite contact lens 10B has the
central part  consisting of the hard material and the
peripheral part  consisting of the soft material with
hydrous property. The  joint surface 3A between the
central hard part 1 and the  peripheral soft part 2 is
formed of a single conical surface  inclined so that
the diameter Dl of the hard part 1 in the lens  convex
surface FC (front curve) is larger than the diameter
D2 of the hard part 1 in the lens concave surface BC
(base curve) ,  and the inclination angle a of the
conical surface is set so  that the angle 0 formed by
the joint surface 3A and the lens  concave surface BC
is approximately at 90, and further an  annular convex
part 7 is formed, so as to project forward with
respect to the convex surface curve of the optical
part in an  appearance of concentric with respect to
an optical axis L of  the lens. (0041) In this case,
the annular convex part 7 is disposed on  the joint
part 3 between the central hard part 1 and the
peripheral soft part 2, and a height H of the annular
convex  part 7 is set to be 0.lmm or less with respect
to the convex  surface curve of the lens of the
optical part. In addition,  a width W of the contact
point of the curve forming the contour  18 of the
sectional face of the convex part 7 and the convex
surface  



curve of the lens is set to be 0.04mm or more. This
convex  part 7 can be processed together with the
cutting process of  the lens. (0042) Thus, by
providing the annular convex part 7 on the lens
convex surface FC side, the movement can be forcibly
applied  to the lens by a blink. In addition, the
annular convex part  7 is particularly arranged on the
joint part 3 between the  central hard part 1 and the
peripheral soft part 2. Therefore,  without making the
entire body of the lens larger, the joint  area can be
increased, and the breakage at the joint part 3  can
be further reduced. (0043) Note that the height H of
the convex part 7 is set to it  be 0.1 mm or less with
respect to the convex surface curve of the optical
part, but a foreign substance feel on wearing is
developed, as the height of the convex part 7 is
increased,  and when the height of the convex part 7
is insufficient, an  advantage of maintaining a
continual movement of the lens  during wearing is
reduced. Accordingly, the height H of the  convex part
7 is preferably set to about 0.01 to 0.05 mm with
respect to the convex surface curve of the optical
part. In  addition, the contour of the sectional face
of the convex part  7 can be formed in a circular arc
with curvature radius of 0.01  to 1 mm having the
height of H = 0.1 mm or less with respect  19 



to the convex surface curve of the optical part.
However, the  circular curve forming the convex part 7
and the curve of the  lens convex surface FC can be
connected to each other by a  smoothing curve, spline
curve, and the curve using them  together. (0044) In
addition, a publicly-known lens design can be used  in
the aforementioned composite contact lenses 10 and
10B.  However, in this composite contact lens, a step
due to the  peripheral part swollen by hydration is
generated in the  vicinity of the joint part 3, and
this frequently affects the  movement of the lens.
Therefore, a bevel may be provided at  the joint part
3 on the lens convex surface BC side. (0045) Next, the
method of manufacturing the lens material  suitable
for manufacturing the aforementioned composite
contact lenses 10 and 10B will be explained. (0046)
FIG.5 shows the first embodiment of the method of
manufacturing the composite contact lens. According to
this method, in the first step, as shown  in (a), a
taper hole 40 is formed, with a conical surface set
as a hole wall surface 40a, in a material 32 for
forming the  soft part whereby a peripheral soft part
2 of the composite  contact lenses 10 and lOB is
formed (a method of forming the  taper hole 40 will be
described later). Next, in the second  20 



step, as shown in (b), a raw material monomer mixed
solution  31A of the material for forming the hard
material whereby a  central hard part 1 of the
composite contact lenses 10 and 10B  is formed, is
injected and polymerized in the taper hole 40.
Whereby, as shown in (c), the lens material for the
composite  contact lens having the central part
consisting of a hard  material 31 and the peripheral
part consisting of a soft  material 32 can be
obtained. According to this method, the  monomer
having a good affinity with the peripheral soft
material 32 out of the kinds of the monomers providing
the  central hard material 31 is permeated and
polymerized into the  peripheral soft material 32, and
connection of the peripheral  soft material 32 and the
central hard material 31 is realized.  Note that a
designation mark 30 indicates a polymerization
container used for polymerizing the material 32 for
forming  the soft part. (0047) From the lens material
for the composite contact lens  thus obtained, the
lens is manufactured by a cutting process  at a
position becoming a desired central hard part
diameter.  A method of cutting process usually
performed by persons  skilled in the art is adopted,
and in some cases, by cooling  and cutting the lens
material, a desired contact lens shape  can be
realized. (0048) Here, a direction for processing the
lens from the lens  21 



material is important, and a joint surface 33A between
the  central part material 31 and the peripheral part
material 32  is formed of a single conical surface
inclined so that the  diameter of the central hard
part 1 in the lens convex surface  FC is larger than
the diameter of the central hard part 1 in  the lens
concave surface BC (see FIG.1 and FIG.3). (0049) In
addition, the composite contact lenses 10 and lOB
manufactured by machining may be provided with
hydrophilicity  on the surface, so as to be adapted to
a tear liquid, by a surface  treatment such as a
plasma treatment by inactive gas, oxygen,  and air,
etc, as needed, and plasma polymerization. (0050) By
dipping a contact lens-shaped molding into water,
normal saline, or preservative solution for soft
contact lens,  the peripheral part is made to contain
water, and thus a  targeted composite contact lens
having the peripheral part  consisting of the soft
material and the central part consisting  of a
relatively hard material can be obtained. (0051) Next,
several examples are given, for the method of  forming
the taper hole 40 in the material 32 for forming the
soft part, with the conical face as a hole wall face
40a.  (0052) As a first method, as shown in FIG.6, in
the first step,  the raw material monomer mixed
solution 32A of the material  22 



for forming the soft part is injected and polymerized
into the  polymerization container 30, and the taper
hole 40 is formed  by a cutting process on the soft
material 32 after  polymerization. (0053) As a second
method, as shown in FIG.7, in the first step,  the raw
material monomer mixed solution 32A of the material
for forming the soft part is injected into the
polymerization  container 30, and a male mold 41
having a taper projection 42,  with the conical face
as an outer peripheral face 42a, is  arranged in the
raw material monomer mixed solution 32A, and  in this
state, by polymerizing the raw material monomer mixed
solution 32A, and removing the male mold 41 after
polymerization, the soft material 32 having the taper
hole 40  is obtained. In a case of this example as
shown in the figure,  the male mold 41 is integrally
formed with the inner face of  a lid 43 for sealing an
upper opening part of the polymerization  container
30. (0054) As a third method, as shown in FIG.8, in
the first step,  the raw material monomer mixed
solution 32A of the material  for forming the soft
part is injected into the polymerization  container
30, and a male mold 48 having a projection 47 for
forming the pilot hole is disposed in the raw material
monomer  mixed solution 32A, and in this state, by
polymerizing the raw  material monomer mixed solution
32A and removing the male mold  23 



48 after polymerization, the soft material 32 having a
pilot  hole 49 is formed, then by using this pilot
hole 48, the taper  hole 40 is formed on the soft
material 32 by a cutting process.  In a case of this
example as shown in the figure also, the male  mold 48
is integrally formed with the inner face of a lid 46
for sealing the upper opening part of the
polymerization  container 30. (0055) When the taper
hole 40 is formed by the aforementioned  second or
third method, it is further satisfactory to execute
the method by adding the following method. First, the
inner face of the polymerization container  30 is
constituted as the molding face having high
adhesiveness  capable of firmly adhering to the soft
material 32 after  polymerization. For example, the
surface treatment, etc, for  improving adhesiveness is
applied. At the same time with this  surface
treatment, the surfaces of the male molds 41 and 48
are constituted as the molding face having low
adhesiveness  capable of hardly adhering to the soft
material 32 after  polymerization. Specifically, lids
43 and 46 integrally  having the male molds 41 and 48
are manufactured by a polyolefin  resin, etc, not
adhered to the soft material 32 after  polymerization.
(0056) In this way, the following advantage can be
obtained.  Namely, when the upper opening part of the
polymerization  24 



container 30 is simply sealed by an aluminum seal,
etc, as an  opposite example, a columnar space (taper
hole 40) is formed  by machining, and when the central
part monomer mixed solution  31A is injected into this
space, the shape of the columnar space  is deformed
due to an internal stress by a shrinkage during
polymerization of the peripheral soft material 32,
thus making  it difficult to make the composite
contact lens with estimated  shape having the
peripheral part consisting of the soft  material and
the central part consisting of the hard material.
Meanwhile, like the aforementioned example, when
polymerization is performed by combining the
polymerization  container 30 that has undergone the
surface treatment for  improving adhesiveness, and
male molds 41 and 48 (lids 43 and  46) having
projections 42 and 47 that have not undergone the
surface treatment (constituted to have
non-adhesiveness), the  peripheral soft material 32 is
adhered to the polymerization  container 30 side and
is not adhered to the projections 42 and  47. This
alleviates the internal stress generated by the
shrinkage due to polymerization. Therefore, even if
the  central part monomer mixed solution 31A is
injected later, an  advantage that the columnar part
is not deformed, can be  obtained. (0057) In addition,
by previously applying the processing to  the inner
face of the polymerization container 30 made of
plastic, whereby the adhesiveness to the soft material
32A is  25 



{  improved, a machining process that follows can be
facilitated. Namely, peeling between the lens material
polymerized inside  and the polymerization container
30 can be prevented, and  therefore it becomes
possible to machine the lens material  together with
the polymerization container 30. (0058) Note that as
an example of an adhesiveness applying  process of the
polymerization container 30, a corona discharge
treatment and a plasma treatment, etc, in a reduced
pressure  chamber in the atmosphere, being an electric
surface treatment  method, can be used. These methods
allow little damage to be  applied to the
polymerization container and are particularly
preferable from a viewpoint of different component
incorporation into the lens material. Further, the
polymerization container 30 is enough to be a form
suitable  for a succeeding mechanical cutting process,
and for example,  in order to provide a grip part of a
cutting machine, it is  preferable to provide a
concave/convex part on the side face  and a bottom
face of the polymerization container, and provide  a
concave/convex curvature. (0059) In addition,
according to the aforementioned method of
manufacturing the lens material, the soft material 32
is  previously polymerized, and the raw material
monomer mixed  solution 31A of the hard material is
injected and polymerized  in the taper hole 40 formed
on the soft material 32 later.  



26 However, it may be so constituted that the hard
material 31  is previously formed, and the soft
materials 32 is polymerized  in the circumference
thereof later. (0060) FIG.9 and FIG.10 show such a
method of manufacturing the  lens material. In this
method, first , the hard material 31 having a taper
projection 31b, with the conical face as an outer
peripheral  face 3la, is prepared as the material for
forming the hard part  whereby the central hard part 1
of the composite contact lenses  10 and 1OB is formed,
and in the circumference of this taper  projection
31b, the raw material monomer mixed solution 32A  for
the material for the soft part, whereby the peripheral
soft  part 2 of the composite contact lenses 10 and
IOB is constituted,  is polymerized and made integral
with the hard material 31.  Thus, the composite
contact lens having the central part  consisting of
the hard material and the peripheral part  consisting
of the soft material can be obtained. (0061)
Specifically, the taper projection 31b made of the
hard  material 31 is set inside the polymerization
container 30, and  the monomer mixed solution 32A for
providing the peripheral  soft material is polymerized
in the circumference of this taper  projection 31b by
an appropriate method. According to this  method, the
monomer having a good affinity with the peripheral
soft material out of the kinds of the monomers
providing the  



27 peripheral part material is permeated and
polymerized into the  central part material, and
connection of the central part  material and the
peripheral part material is realized.  (0062) An
example of FIG. 9 shows a case that the taper
projection  31b is integrally formed with a lid 51 for
sealing the upper  opening part of the polymerization
container 30, and if the  upper opening part of the
polymerization container 30 is closed  by the lid 51,
the taper projection 31b made of the hard material
can be set at a predetermined position. Also, the
example of  FIG.10 shows a case that the male mold
having the taper  projection 31b is set in an inner
bottom part of the  polymerization container 30.
(0063) Note that the copolymer of poly-2-hydroxyethyl
methacrylate and a publicly-known soft contact lens
material,  etc, are used in the peripheral part
material of the composite  material. However, from the
viewpoint of the change of the  shape after swollen by
hydration and the strength, a soft  material with low
moisture content is preferable after swollen  by
hydration. In addition, poly-methyl-methacrylte and a
publicly-known hard contact lens material having
oxygen  permeability are used in the central part
material. (0064) FIG.11 to FIG.13 show a relation
between an angle (taper  angle) a of the conical face
and an angle 0 formed by the joint  



28 surface 3A and the lens concave surface BC, in
accordance with  a difference of the concave surface
BC (6mm, 8mm, and 10mm),  when a diameter of the
central hard part 1 is set at 8.00mm.  Table 1 shows
this relation by numerical values. From these  figure
and table, the taper hole 40 for setting the angle 0
at approximately 90 and the inclination angle a of the
taper  projection 31b can be known. (Table 1) Relation
between joint surface inclination angle [r and lens
joint part angle B  formed by each BC, when diameter
of central hard part is set at 8.0 mm  Joint surface
BC (mm) inclination angle: a () 6 7 8 9 10  5 53.19
60.15 65 68.61 71.42  10 58.19 65.15 70 73.61 76.42
15 63.19 70.15 75 78.61 81.42  20 68.19 75.15 80 83.61
86.42  23.58 -- - -- 90  25 73.19 80.15 85 88.61 91.42
26.39 - - 90 -- 30 78.19 85.15 90 93.61 96.42  34.85 -
90 --- - - 35 83.19 90.15 95 98.61 101.42  40 88.19
95.15 100 103.61 106.42  41.81 90 -  45 93.19 100.15
105 108.61 111.42  



50 98.19 105.15 110 113.61 116.42  55 103.19 110.15
115 118.61 121.42  60 108.19 115.15 120 123.61 126.42
it  (0065) Next, several embodiments and comparative
examples will  be described. However, the present
invention is not limited  to these embodiments. 29
Embodiment 1  (0066) First, 2,2'-azobisisobutyro
nitrile is added to the  monomer mixed solution by
0.lwt% of monomer mixed solution  comprising 44wt% of
2-hydroxyethyl methacrylate, 35wt% of  2-methoxyethyl
acrylate, 20wt% of methyl methacrylate, and  lwt% of
ethylene glycol dimethacrylate, which is then stirred
to dissolve. (0067) Next, the mixed solution thus
obtained is injected into  a cylindrical
polymerization container made of polypropylene  with
inner diameter of 17 mm, that has undergone plasma
treatment under a condition of output: 50W, a degree
of vacuum:  0.6 Torr, a reactive gas: andAr,
processing time: 120 seconds,  by using "PA-100AT"
produced by KYOTO ELECTRONICS  MANUFACTURING CO. LTD,
then after sealing this container, the  mixed solution
is retained for 48 hours at 40 and 6 hours at  80 in a
hot air circulating dryer, thereafter is cooled  



naturally up to a room temperature and a peripheral
part polymer  (soft material 32) is obtained. (0068)
Next, a columnar cavity (taper hole 40) having an
inclination, with a tip made gradually smaller, is
formed by  a cutting process in the center of this
polymer. Note that  the inclination of a = 20 is
provided to an axis of this cavity.  In this cavity is
injected the mixed solution obtained by adding  30
40wt% of
tris(trimethylsiloxy)-y-methacryloxypropylsilan,
45wt% of 2,2,2-trifluoroethyl methacrylate, lOwt% of
2-hydroxyethyl methacrylate, 5wt% of ethylene glycol
dimethacrylate, and 0.2wt% of 2,2'- azobisisobutyro
nitrile  to dissolve therein and the lid is sealed,
which is then put  in the hot air circulating dryer
again, and under the same  condition as described
above, the monomer mixture in the cavity  is
polymerized, to obtain the composite material (lens
material). (0069) The composite material is not taken
out of the  polymerization container, and by making a
cutting machine grip  this polymerization container,
the composite material is  machined by mechanically
cutting by a normal machining  technique, so as to
obtain a lens with a thickness of 0.15 mm  at a
position where the central hard part diameter is 8 mm
in  a direction that the concave surface of the lens
to be  manufactured becomes the bottom surface side of
the composite  



material. Thereafter, this lens is dipped in the
normal saline,  and it is found that the lens after
sufficiently dipped in the  normal saline is the
composite contact lens having the central  part
consisting of the hard material and the peripheral
part  consisting of the soft material. (0070) As shown
in FIG.14, breaking strength of the joint part  of
this composite contact lens, with the peripheral part
31 swollen by hydration, is evaluated by the following
method  using a universal testing machine "MINI44" by
INSTRON  Corporation. Namely, after clamping and
fixing the central  hard part 1 with a jig at slightly
inside of the joint part,  the peripheral soft part 2
is gripped and pulled in the shear  direction toward
the convex surface of the lens at a speed of  6
mm/min. The breaking load generated here is evaluated
as  a comparison of a value of a comparative example
1. Parts where  the breakage occurs and ratios of
generating the damage at the  joint part are
corresponded and a result is shown in a table  2.
(0071)  (Table 2) JOINT SURFACE INCLINATION ANGLE AND
JOINT PART BREAKING LOAD, BREAKING PART, JOINT PART
BREAKING RATIO (/D) (EACH SAMPLES 7 SAMPLES)  JOINT
SURFACE JOINT PART BREAKING LOAD JOINT PART BREAKING
INCLINATION ANGLE (N) -1 BREAKING PART RATIO (0/).2  



INCLINATION ANGLE EXAMPLE i JOINT PART 3, CENTRAL
MEMBER 2, 20 3.08 PERIPHERAL MEMBER 2 43  EXAMPLES 35
NOT BROKEN AT JOINT PART PERIPHERAL MEMBER 7 0
EXAMPLES 25 NOT BROKEN AT JOINT PART PERIPHERAL MEMBER
7 0  EXAMPlE4 45 NOT BROKEN AT JOINT PART PERIPHERAL
MEMBER 7 0  COMPARATIVE EXAMPLE I 0 1.43 JOINT PART 6,
CENTRAL MEMBER I 86  1COMPARATIVE EXAMPLE z 6 2.12
JOINT PART 3, CENTRAL MEMBER 1, PERIPHERAL M EMBER I
60  :1: AVERAGE OF BREAKING LOAD AT JOINT PART 2: THE
NUMBER OF BREAKAGE AT JOINTPART/THE NUMBER OF SAMPLES
x100  Example 2 (0072) The composite contact lens is
obtained in the same way  as the example 1, excluding
the point that the inclination angle  is changed to a
= 350 provided in the cavity of the peripheral  32
part material, and evaluation is made in the same way
as the  example 1. Example 3  (0073)
2,2'-azobisisobutyro nitrile is added to the monomer
mixed solution composed of 46wt% of 2-hydroxyethyl
methacrylate, 38wt% of 2-methoxyethyl acrylate, 15wt%
of  2,2,2-trifluoroethyl methacrylate, and lwt% of
ethylene  glycol dimethacrylate, by 0. lwt% of the
monomer mixed solution,  which is then stirred to
dissolve. 



(0074) Next, the mixed solution thus obtained is
injected into  a cylindrical polymerization container
made of polypropylene  with inner diameter of 17mm,
that has undergone corona  discharge treatment inside
thereof by a ball electrode, with  tip end set at 6mm,
under a condition of set voltage: 24kV,  set output:
51W, processing time: 5 seconds, under atmospheric
air, by using "HV-2010" produced by TANTEC
Corporation, then  after sealing this container, the
mixed solution is retained  for 42 hours at 42 and 6
hours at 800 in the hot air circulating  dryer,
thereafter is cooled naturally up to a room
temperature  and the peripheral part polymer is
obtained. (0075) Next, a columnar cavity (taper hole
40) having the  inclination, with the tip made
gradually smaller, is formed  by the cutting process
in the center of this polymer (soft  33 material 32).
Note that the inclination of a = 200 is provided  to
the axis of this cavity. In this cavity is injected
the  mixed solution obtained by adding 40wt% of
tris(trimethylsiloxy)-y-methacryloxypropylsilan, 47wt%
of  2,2,2-trifluoroethyl methacrylate, 8wt% of
2-hydroxyethyl  methacrylate, 5wt% of ethylene glycol
dimethacrylate, and  0.2wt% of 2,2'- azobisisobutyro
nitrile to dissolve therein  and the lid is sealed,
which is then put in the hot air  circulating dryer
again, and under the same condition as  described
above, the monomer mixture in the cavity is  



polymerized, to obtain the composite material (lens
material).  (0076) The composite material is not taken
out of the  polymerization container, and by making a
cutting machine grip  this polymerization container,
the composite material is  machined by mechanically
cutting by a normal machining  technique, so as to
obtain the lens with a thickness of 0.15  mm at the
position where the central hard part diameter is 8  mm
in the direction that the concave surface of the lens
to  be manufactured becomes the bottom surface side of
the  composite material. Thereafter, this lens is
dipped in the  normal saline, and it is found that the
lens after sufficiently  dipped in the normal saline
is the composite contact lens having  the central part
consisting of the hard material and the  peripheral
part consisting of the soft material. The same
evaluation as the embodiment 1 is executed for the
composite 34 jp  contact lens, with the peripheral
part swollen by hydration. Example 4  (0077)  The
composite contact lens is obtained in the same way as
the embodiment 1, excluding the point that the
inclination  angle is changed to cc= 45 provided in
the cavity of the  peripheral part material, and
evaluation is made in the same  way as the example 1.
(0078) <Comparative example 1> 



The composite contact lens is obtained in the same way
as the example 1, excluding the point that the
columnar cavity,  that has undergone the cutting
process, is not provided in the  center part of the
peripheral part material, and the evaluation  is made
in the same way as the example 1. (0079) <Comparative
example 2> The composite contact lens is obtained in
the same way  as the example 3, excluding the point
that the inclination is  not provided in the columnar
cavity, that has undergone the  cutting process, in
the center part of the peripheral part  material, and
the evaluation is made in the same way as the  example
1. Example 5  (0080)  In the lens of the example 1, a
concentric convex part 7 having the following shape is
formed on the lens convex  surface FC side of the
joint part between the central hard  35 material 1 and
the peripheral soft material 2. Height H of the convex
part 7 with respect to the convex  surface curve of
the optical part = 0.04mm Width W of the contact point
of the curve forming the  convex part 7 and the convex
surface curve of the lens = 0. 59mm  (0081) The lens
thus obtained is actually worn, and the movement  on
the eyeball and the wearing feel are evaluated. Its
result is shown in table 3.  



(Table 3) EVALUATION OF MOVEMENT ON EYEBALL AND
WEARING FEEL  MOVEMENT ON EYEBALL WEARING FEEL
EXAMPLE 5 0 0  EXAMPLE 6 0 0  EXAMPLE 7 0 0
COMPARATIVE EXAMPLE 3 Q 0  COMPARATIVE EXAMPLE 4 0 X
(0082) The movement on the eyeball is confirmed by a
slit lamp  "SL-7F" by TOPCON Corporation after 1 hour
when the lens is  worn. The evaluation is shown by o:
good, A: slightly bad,  x: bad. Example 6  (0083)  In
the lens of the example 1, the concentric convex part
36 having the following shape is formed on the convex
surface side  of the joint part between central hard
material and the  peripheral soft material. Height H
of the convex part 7 with respect to the convex
surface curve of the optical part = 0.04mm Width W of
the contact point of the curve forming the  convex
part 7 and the convex surface curve of the lens =
0.64mm  Example 7 (0084) In the lens of the example 3,
the same concentric convex  



part as that of the example 5 is formed on the convex
surface  side of the joint part between the central
hard material and  the peripheral soft material. The
movement on the eyeball and  the wearing feel are
evaluated in the same way as the example  5. (0085)
<Comparative example 3> The movement on the eyeball
and the wearing feel of the  lens of the example 1 not
having the convex part on the convex  surface side of
the lens are evaluated in the same way as the  example
5. (0086) <Comparative example 4> In the lens of the
example 1, the concentric convex part  having the
following shape is formed on the convex surface side
of the joint part between the central hard material
and the  peripheral soft material. Height H of the
convex part 7 with respect to the convex  37 surface
curve of the optical part = 0.12mm Width W of the
contact point of the curve forming the  convex part
and the convex surface curve of the lens = 1.00mm
(0087) Note that table 2 shows the inclination angle
of the joint  surface, the breaking load of the joint
part, breaking part,  and breaking ratio of the joint
part (%) . As shown in the item  of the breaking
strength, the breaking strength of the joint  part
between the central hard part and the peripheral soft
part  is intentionally improved compared to the
comparative example,  



and the damage at the joint part of the composite
contact lens  having the central part consisting of
the hard material and  the peripheral part consisting
of a hydrous soft material is  significantly reduced.
(0088) In addition, in a case of the composite contact
lens  having the central part consisting of the hard
material and  the peripheral part consisting of the
hydrous soft material,  the movement on the eyeball
during wearing the contact lens  is structurally
difficult. However, as shown in table 3, by  providing
the concentric convex part 7 having an appropriate
shape on the convex surface side of the lens, the
movement of  the contact lens during wearing and the
wearing feel can be  compatible. (0089) Next, as to
the aforementioned central hard material  38 (referred
to as "center material" hereafter), peripheral soft
material (referred to as "peripheral material"
hereafter), a  cross-linking agent between the
centeral material and the  peripheral material, the
initiator of the centeral material  and the peripheral
material, and a colorant of the centeral  material and
the peripheral material, an example that can be
adopted will be described. (0090) <Centeral material>
The silicon-containing alkyl (metha) acrylate of the
hard material is used for improving the oxygen
permeability  



of the centeral material, and examples thereof include
trimethylsiloxydimethylsilylpropyl(metha)acrylate,
bis(trimethylsiloxy)methylsilylpropyl(metha)acrylate,
tris(trimethylsiloxy)silylpropyl(metha)acrylate,
bis[bis(trimethylsiloxy)methylsiloxanyl]trimethylsilox
ysily  lpropyl(metha)acrylate,
bis(trimethylsiloxy)methylsiloxanylmonopentamethyldi-s
ilox  anylmonotrimethylsiloxanylpropyl(metha)acrylate,
bis(pentamethyldi-siloxanyl)bis(trimethylsyloxy)methyl
silo  xanylsilylpropyl(metha)acrylate, etc. Its use
amount is  preferably in a range of 30 to 60wt%. This
is because if the  use amount is 30wt% or less, a
desired oxygen permeability can  not be obtained, and
if the use amount is beyond 60wt%, hardness  is
insufficient, and the centeral material is likely to
become  fragile. It is particularly preferably set at
35 to 50wt%.  (0091) 39 Also, similarly,
fluorine-contained alkyl (metha)  acrylate is used for
improving the oxygen permeability of the  centeral
material and for applying hardness, and examples,
thereof include 2,2,2-trifluoroethyl methacrylate,
2,2,2-trifluoroethyl acrylate, 2,2,3,3-
tetrafluoropropyl  methacrylate,
2,2,3,3-tetrafluoropropyl acrylate,
2,2,3,3,3-pentafluoropropylmethacrylate,
2,2,3,3,3-pentafluoropropylacrylate,
2,2,2-trifluoro-l-trif luoromethylethylmetacrylate,
2,2,2-trifluoro-l- trifluoromethylethylacrylate,  



2,2,3,3-tetrafluorofluorotertiaryamylmethacrylate,
2,2,3,3-tetrafluorotertiaryamylacrylate,
2,2,3,4,4,4-hexafluorobutylmethacrylate,
2,2,3,4,4,4-hexafluorotertiaryhexylmethacrylate,
2,2,3,4,4,4-hexafluorotertiaryhexylacrylate,
2,2,3,3,4,4,5,5-octalfluoropentylmethacrylate,
2,2,3,3,4,4,5,5-octalfluoropentylacrylate, etc. Its
use  amount is preferably in a range of 30 to 60wt%.
If the use  amount is under 30wt%, desired oxygen
permeability and  hardness can not be obtained, and
regarding the oxygen  permeability, the
silicon-containing alkyl (metha) acrylate  is
dominant. Therefore, when the use amount is beyond
60wt%,  by decrease of an addition ratio of the
silicon-containing  alkyl (metha) acrylate, the oxygen
permeability is decreased.  It is particularly
preferably set in a range of 40 to 55wt%.  (0092) 40
y(~  2-hydroxyethyl methacrylate has hydrophilic
properties, thus giving the hydrophilic properties
(wetting properties)  to the polymer of
silicon-containing alkyl (metha) acrylate and
fluorine-contained alkyl (metha) acrylate having
hydrophobic  properties, and improving affinity and
adhesiveness with the  peripheral material. Its use
amount is preferably in a range  of 2 to 15wt%. If it
is under 2wt%, desired wetting properties,
adhesiveness, and affinity can not be obtained, and
depending  on a degree of swelling by hydration of the
hydrous peripheral  



material, the breakage occurs to the joint part due to
a  difference of the degree of swelling between the
central  material and the peripheral material, and the
peripheral part  becomes in an appearance of a wall,
thus making it impossible  to form a lens shape. If it
becomes beyond 15wt%, a water  absorption is increased
to be swollen and softened, thereby  reducing the
oxygen permeability of the center material, and
losing excellent optical properties which can be
obtained by  its hardness. Therefore, it is
particularly preferably set  in a range of 5 to lOwt%.
(0093) <Peripheral material> The hydrous
2-hydroxyethyl methacrylate of the  peripheral
material has been used for long years as a raw
material component of the hydrous soft contact lens,
and shows  a result of safety. It has hydrophilic
properties, and has  both of the advantage of swelling
and softening by hydration  and the advantage of
hardening the polymer, and is used in a  41 range of
20 to 60wt%. If the use amount is under 20wt%, the
advantage of swelling and softening by hydration can
not be  sufficiently obtained, and if it is
beyond60wt%, water content  after hydration is
increased, thus making it difficult to  accurately
reflect a machining shape on the lens after
hydration. For the reason thus described, the use
amount is  particularly preferably set in a range of
30 to 50wt%.  (0094) 2-methoxyethyl acrylate gives
flexibility to the lens  



after hydration and has an advantage of hydrophilic
properties  and suppressing an adhesion of stain
components in the tear  liquid, and is used in a range
of 20 to 60wt%. If the use amount  is under 20wt%, a
sufficient flexibility after hydration can  not be
obtained, thereby damaging the wearing feel when the
contact lens is used, and if the use amount is beyond
60wt%,  the polymer becomes excessively soft, thus
making it difficult  to be cut. For the reason thus
described, the use amount is  particularly preferably
set in a range of 30 to 50wt%.  (0095)
Fluorine-contained alkyl (metha) acrylate has an
advantage of suppressing the water content after
hydration and  swelling, and contributes to an
adhesion resistance to a lipid,  improvement of the
oxygen permeability of the peripheral  material, the
hydrophilic properties with the centeral  material,
and the adhesiveness, and examples thereof include
2,2,2-trifluoroethyl methacrylate,
2,2,2-trifluoroethyl 42 acrylate, 2,2,3,3-
tetrafluoropropyl methacrylate,
2,2,3,3-tetrafluoropropyl acrylate,
2,2,3,3,3-pentafluoropropylmethacrylate,
2,2,3,3,3-pentafluoropropylacrylate,
2,2,2-trifluoro-l-trifluoromethylethylmetacrylate,
2,2,2-trifluoro-l-trifluoromethylethylacrylate,
2,2,3,3- tetrafluorofluorotertiaryamylmethacrylate,
2,2,3,3-tetrafluorotertiaryamylacrylate,
2,2,3,4,4,4-hexafluorobutylmethacrylate,  



2,2,3,4,4,4-hexafluorotertiaryhexylmethacrylate,
2,2,3,4,4,4-hexafluorotertiaryhexylacrylate,
2,2,3,3,4,4,5,5-octalfluoropentylmethacrylate,
2,2,3,3,4,4,5,5-octalfluoropentylacrylate, etc. Its
use  amount is preferably in a range of 5 to 30wt%. If
it is under  5wt%, the water absorption is excessively
increased, and  desired hydrophobic properties with
the centeral material and  adhesiveness can not be
obtained. If it becomes beyond 30wt%,  the water
content after hydration and swelling is decreased,
thus deteriorating flexibility. In addition, in this
case,  water repellency becomes high, and the surface
of the lens is  easily dried, thus becoming easy to
dim. The use amount is  particularly preferably in a
range of 10 to 20wt%. (0096) <Cross-linking agent
between the centeral material and  the peripheral
material> In the composite contact lens material of
the present  invention, a cross-linking monomer such
as ethylene glycol  43 dimethacrylate, diethylene
glycol methacrylate, triethylene  glycol
dimethacrylate, allyl methacrylate, diallyl
methacrylate, diallyl maleate, diallyl isophthalate,
and  triallyl isocyanurate can be used if desired, in
addition to  the above-described three components of
the central and  peripheral materials, to give
mechanical strength and  durability. Note that the
content of the cross-linking  monomer relates to
physical properties of each material, and  when the
content of such a cross-linking monomer is excessively



increased, the mechanical strength of the central
material is  apt to deteriorate, the water content of
the peripheral  material is apt to decrease, and the
flexibility is also apt  to decrease. In addition, as
the composite lens formed of the  central and
peripheral materials respectively, the content of  the
cross-linking monomer is preferably set at 15wt% or
less  in the central material, and 5wt% or less in the
peripheral  material, out of a total amount of a
copolymer composition,  in consideration of a
deformation or the breakage of the lens  due to the
difference of the degree of swelling, the hydrophilic
properties, and the adhesiveness. (0097) <Initiator of
the central material and the peripheral  material>
When manufacturing the central and peripheral
materials,  first, a polymerization initiator is added
to the mixed  solution containing the aforementioned
monomer, which is then  sufficiently stirred to obtain
a homogeneous monomer mixed 44 solution, and the
polymerization is performed from the central  material
to the peripheral material, or in its reversed order.
The polymerization initiator used at this time
includes, for  example, peroxide such as lauroyl
peroxide, cumene hydroperoxide, benzoyl peroxide,
2,2'-azobis(2,4-dimethylvaleronitrile), and 2,2'-
azobisisobutylonitrile when thermal polymerization is
employed, and a optical initiator such as benzoin
methyl ether,  1-hydroxycyclohexyl phenyl ketone, 



2,2-dimethoxy-2- phenylacetophenone,
2-hydroxy-l-phenylpropane-l-on,  2,4,6-
trimethylbenzoyldiphenylphosphine oxide,
phenylbis(2,4,5-trimethylbenzoyl)-phosphine oxide are
used  when an photo-polymerization method is employed.
(0098)<Coloring agents of the central material and the
peripheral material> In order to imply an ultraviolet
ray absorption ability  to each of the obtained
central and peripheral materials and  color them, a
polymerizable ultraviolet absorbent and a
polymerizable pigment having excellent elution
resistance and  toughness can be used, and can be
selected and used for each  material. Specifically,
5-chloro-2-[2-hydroxy-5-((3-methacryloyloxyethylcarbam
oylox  yethyl)]phenyl-2H-benzotriazole,
2-(2'hydroxy-3'-tri-
butyl-5'-methylphenyl)-5-(2'methacryloyloxyethyl)benzo
tria  zol are given as examples of the polymerizable
ultraviolet ray 45 absorbent.  (0099) Specifically,
1,4-bis(4- vinylbenzilamino)  anthraquinone,
1-p-hydroxybenzylamino-4-pvinylbenzylamino
anthraquinone, 1-anilino-4-methacryloylanthraquinone,
etc,  are given as examples of the polymerizable
pigment. (0100) In addition, when the hydrous
peripheral part of the  present invention is colored,
there is no problem in using a  



chemical dyeing method in which without using the
aforementioned pigments, the hydrous peripheral part
is dipped  into a chemical dyeing bath by using a dye
such as a Vat Blue  6 to sufficiently dip a leuco body
of the dye in an overall  body of the lens, and
thereafter the leuco body is dipped into  an oxidizing
bath, is changed into a oxidized body, an is fixed.
In addition, as other coloring agent for the central
and the  peripheral materials, a phthalocyanine-based
pigment such as  an Alcian Blue BGX, an Alcian Green
2GX, and a Pigment Blue  6 can be used. Although use
amounts of the aforementioned  polymerizable
ultraviolet ray absorbent and the polymerizable
pigment depend on a thickness of a lens, usually, they
are set  at 5wt% or less or preferably 3wt% or less of
the copolymer  component. When the use amount exceeds
5wt%, a mechanical  strength of the obtained contact
lens is sometimes  deteriorated, and when toxicity of
the ultraviolet ray  absorbent and the pigment is
taken into consideration, this 46 contact lens is
likely to be not suitable as a contact lens  that
directly comes in contact with a living body. (0101)
By combining these coloring agent and ultraviolet ray
absorbent with the peripheral material and the central
material, visibility in handling the contact lens is
improved,  color of pupil is changed as a fashion, an
antiglare effect  is exhibited, and an ultraviolet ray
preventive effect for  cutting harmful ultraviolet ray
to human eyes can also be  



exhibited. (0102) Next, the following typical
materials are used as the  central material, the
peripheral material, and the  cross-linking material,
and explanation is given to a result  of comparing a
difference of a performance when composition  ratios
(weight ratios) of them are changed. (0103) As the
central material, the peripheral material, and  the
cross-linking material, typical examples are used such
as:  SiMA:
tris(trimethylsiloxy)-y-methacryloxypropylsilan  FMA:
2,2,2-trifluoroethyl methacrylate HEMA: 2-hydroxyethyl
methacrylate  2-MTA:2- methoxyethylacrylate Cross
linking agent: ethylene glycol dimethacrylate.  (0104)
The contact lens manufactured by changing a
composition  47 ratio is evaluated by the following
items,  * Processability * adhesiveness * flexibility
after swelling by hydration  * lens shape after
swelling by hydration, and good results are shown in
table 4 as examples 8 to  12, and bad results are
shown in table 5 as comparative examples  5 to 14.
(0105) (Table 4) 



COMPARATIVE EXAMPLE OF RELATION  BETWEEN CENTRAL
MATERIAL AND PERIPHERAL MATERIAL  EXAMPLES EXAMPLE9
EXAMPLE 10 EXAMPLE II EXAMPLE 12 SiMA 40 39 40 40 43
CENTRAL FMA 50 47 47 45 42  MATERIAL HEMA 5 6 8 10 5
CROSS AGENT LINKING 5 8 5 5 10  HEMA 47 48 47 47 47
PERIPHERAL FMA 14 15 14 14 14  MATERIAL 2MTA 38 36 38
38 38  CROSS LINKING AGENT 1 1 1 1 1  PROCESSABILITY 0
0 0 0 0  ADHESIVENESS 0 0 0 0 0  FLEXIBILITY AFT ER
SWELLING O O O O O  BY IYBRATION LENS SHAPE AFTER
SWELLING O O O O  RY HYDRATION REMARKS  Each material
of the central and peripheral materials Is typically
used:  SIMA ;
tiis(trimethylsiloxy)-y-mefhaclyloxypropylsilml  FMA :
2,2,2-trifluoroethyl methaclylate HEMA 2-hydroxyethyl
mcthaclylate  2-MTA 2-methoxyethyl methacrylate CROSS
LINKING AGENT: ethylene glycol dimethacrylat.  



(Table 5) 48 r-w O x x x  X  F F N O O X O  x C 2 F =~
L C  a K (D (D x  w w O O X O  o ea  O O O x  o O O x
O  w O O O X  L V CS o N G Cn (sr .~' u  A GVi  >" vii
w  .'Qa ~ ~ a m z ~ o  o  ["' Q w w F 
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c a  Brief description of the drawings (0106) FIG.1 is
a front view and a sectional view of a composite
contact lens of a first embodiment of the present
invention.  49 FIG.2 is an expanded view of a II part
of FIG.1.  FIG.3 is a front view and a sectional view
showing the composite contact lens of a second
embodiment of the present  invention. FIG.4 is an
expanded view of a IV part of FIG.3. FIG. 5 is an
explanatory view of the first embodiment of  a
manufacturing method of a lens material of the present
invention. FIG.6 is an explanatory view of a first
example of a  method of forming a taper hole in the
manufacturing method of  the lens material of the
first embodiment. FIG.7 is an explanatory view of the
second example.  FIG.8 is an explanatory view of the
third example.  FIG.9 is an explanatory view of a
second embodiment of the manufacturing method of the
lens material of the present  invention. FIG. 10 is an
explanatory view of other example according  to the
second embodiment. FIG.11 is a view showing a relation
between an angle  



(taper angle) a of a conical surface and an angle 0
formed by  a joint surface 3A and the lens concave
surface BC, when a  diameter of a central hard part 1
is set at 8. 0 mm and a curvature  radius of each
concave surface BC is set at 6 mm. FIG.12 is a view
showing the same relation when the  diameter of the
central hard part 1 is set at 8.0 mm and the
curvature radius of each concave surface BC is set at
8 mm.  50 FIG.13 is a view showing the same relation
when the  diameter of the central hard part 1 is set
at 8.0 mm and the  curvature radius of each concave
surface BC is set at 10 mm. FIG.14 is an explanatory
view of a breakage test.  Description of Signs and
Numerals (0107)  1 Central hard part 2 Peripheral soft
part  3 Joint part 3A Joint surface  7 Convex part 10,
10B Composite contact lens  BC Base curve FC Front
curve 30 Polymerization container  31 Hard material
31A Raw material monomer mixed solution of hard
material  32 Soft material 32A Raw material monomer
mixed solution of soft material  



40 Taper hole 40a Hole wall surface  41 Male mold 42
Taper projection 31a Outer peripheral surface  31b
Taper projection 51 49 Pilot hole 52 Claims 1. A
composite contact lens, having a central part
consisting of a hard material and a peripheral part
consisting  of a soft material with hydrous property,
wherein a joint  surface between a central hard part
and a peripheral soft part  is formed of a single
conical surface inclined so that a  diameter of the
hard part in a lens convex surface is larger  than a
diameter of the hard part in the lens concave surface,
and an inclination angle of the conical surface is set
so that  an angle formed by the joint surface and the
lens concave  surface is approximately at 90. 2. The
composite contact lens according to claim 1,  wherein
the hard material is composed of a copolymer, with 30
to 60wt% of silicon-containing alkyl (metha) acrylate,
2 to  15wt% of 2-hydroxyethyl methacrylate, and 30 to
60wt% of  fluorine-contained alkyl (metha) acrylate as
essential  monomer components. 3. The composite
contact lens according to either of  



claim 1 or 2, wherein the soft material having the
hydrous  property is composed of the copolymer, with
20 to 60wt% of  2-hydroxyethyl methacrylate, 20 to
60wt% of 2-methoxyethyl  acrylate, and 5 to 30wt% of
fluorine-contained alkyl (metha)  acrylate as
essential monomer components. 53 4. The composite
contact lens according to any one of  claims 1 to 3,
wherein on the convex surface side of said lens,  an
annular convex part is formed, which projects forward
with  respect to a convex surface curve of an optical
part, in an  appearance of a concentric shape with
respect to an optical  axis of a lens. 5. The
composite contact lens according to claim 4,  wherein
said annular convex part is disposed on a joint part
between said central hard part and peripheral soft
part. 6. The composite contact lens according to
either of  claim 4 or 5, wherein a height of said
annular convex part is  set to be 0.1 mm or less with
respect to the convex surface  curve of said optical
part, and a width of a contact point of  a curve
forming a contour of a sectional face of said convex
part and the convex surface curve of the lens is set
to be 0.04  mm or more. 7. A method of manufacturing a
lens material for the  composite contact lens
according to any one of claims 1 to 6,  comprising: a
first step of forming a taper hole, with said conical
surface set as a hole wall surface, in a material for
forming  



the soft part whereby said peripheral soft part is
formed; and a second step of injecting and
polymerizing into said  54 taper hole a raw material
monomer mixed solution of a material  for forming the
hard part whereby said central hard part is  formed,
wherein by sequentially passing through the first step
and the second step, a lens material for the composite
contact  lens having the central part consisting of
the hard material  and the peripheral part consisting
of the soft material is  manufactured. 8. The method
of manufacturing the lens material  according to claim
7, wherein in the first step, a raw material  monomer
mixed solution of the material for forming said soft
part is injected and polymerized into a polymerization
container, and said taper hole is formed on the soft
material  after polymerization by a cutting process.
9. The method of manufacturing the lens material
according to claim 7, wherein in said first step, the
raw  material monomer mixed solution of the material
for forming  the soft part is injected into the
polymerization container,  and a male mold having a
taper projection with said conical  surface as an
outer peripheral surface, is arranged in said  raw
material monomer mixed solution, and in this state, by
polymerizing said raw material monomer mixed solution,
and  removing said male mold after polymerization, the
soft  material having said taper hole is obtained. 



55 10. The method of manufacturing the lens material
according to claim 7, wherein in the first step, the
raw  material monomer mixed solution of the material
for forming  said soft part is injected into the
polymer container, and a  male mold having a
projection for forming a pilot hole is  arranged in
said raw material monomer mixed solution, and in  this
state, by polymerizing said raw material monomer mixed
solution, the soft material having the pilot hole is
formed  by removing said male mold after
polymerization, and  subsequently by using this pilot
hole, said taper hole is formed  on the soft material
by a cutting process. 11. The method of manufacturing
the lens material  according to either of claim 9 or
10, wherein said male mold  is integrally formed with
an inner face of a lid for sealing  an opening part of
said polymer container. 12. The method of
manufacturing the lens material  according to any one
of claims 7 to 11, wherein the inner face  of said
polymer container is constituted as a molding face
having high adhesiveness capable of firmly adhering to
said  soft material after polymerization, and at least
the surface  of said projection of said male mold is
constituted as the  molding face having low
adhesiveness capable of being hardly  adhered to said
soft material after polymerization. 56 13. The method
of manufacturing the lens material for  the composite
contact lens according to any one of claims 1  



to 6, wherein said hard material having the taper
projection,  with said conical surface as the outer
peripheral surface, is  prepared as the material for
the hard part whereby said central  hard part is
constituted, and in a circumference of the taper
projection, the raw material monomer mixed solution of
the  material for the soft part, whereby said soft
part is constituted, is polymerized to be integral
with said hard  material, and thus the lens material
for the composite contact  lens having the central
part consisting of the hard material  and the
peripheral part consisting of the soft material is
manufactured. 57 


