COVPCSI TE CONTACT LENS AND METHOD FOR MANUFACTURI NG
LENS MATERI AL Technical field (00(n) The present
invention relates to a conposite contact |ens having
a central part consisting of a hard material and a
peri pheral part consisting of a soft material, and a
met hod of manufacturing a lens material for
manufacturing the conposite contact |ens, (0002)
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plastic is used as the H@EEEEE' of the hard contact
| ens, thus having an advantage that optica

Teéﬁé¥§§ii§§éfﬁe excellent, and a corneal astigmatism
can be corrected. However, a problem involved therein

(Oéﬁﬁ}hat a foreign substance feel on wearing is
evel oped, because the material is hard. (0003)
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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



optical properties in this case is deteriorated, and a
toric shaped lens design is required for having
astigmatism correcting capability, thus making a
prescription conplicated and making it easy to

gener ate unstabl eness of corrected eyesight due to

t he unst abl eness of an astigmati sm axi s. (0005) I n
addition, the soft_contact |ens conposed of
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| en an excellent wearing feel unique to the soft
(0ggn act | ens and an excellent optical property unique
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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.
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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. 1In addition, it is possible to dispose
the material having different refractive index in the same

optical part. Therefore, such a composite contact lens has



propose the conposite contact |ens using the
non-hydrous material in the peripheral part. In this
case, after a cutting process of the lens, the
peri pheral part requires softening by a post-treating
such as acid-treating and ester exchange by al cohol.
Therefore, a problemof lacking in practicability is
posed, because the hard material is linmted to a
specific one, the steps are increased, and it is
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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, amethod 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



is difficult, thus making it inpossible to realize

practical wuse thereof. (0010) Further, as is cited in

t he patent docunent 5 and the patent docunent 6, such

nmet hods are known as obtaining a conposite materia

by pol ynerizing the nononmer m xed solution for

provi ding a peripheral material in the periphery of a

columar hard part material, and as obtaining the
iscobpasned byatéppahgbyp peobedi Agozeni padl §plédifAgdr in a
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providing the central hard part. However, in the
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obt ai ned by the aforenentioned conposite materi al s,
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in a shear direction fromthe convex surface to the
useobleevecEurface of the lens, a certain degree of

strength can be exhibited, However, when the
(0QEP) pheral part is pulled in the shear direction from

the concave surface to the convex surface of the

| enFunthpralagels ialtasd dm Fdey pagenty dgeyBerted fRA the

the joint part in sone cases. (0011) 4 Meanwhile, .
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docunent 8 disclose the nethod of increasing a joint |
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hard part and the peripheral soft part irrespective
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result. However, when the |ens . .
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)



is actually handl ed, such as cl eaning and renovi ng
fromeyes, tensile strength and tear strength in the
shear direction from the concave surface to the
convex surface is rather inportant, and when actua
handl ing of the lens is taken into consideration, it
is not sufficient to increase the joint area. (0012)
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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)
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conposite contact |ens by having both of a good

wearing feel wunique to the soft contact |ens and an

excel l ent optical property unique to the hard contact

| ens, the problem of breakage generated on handling

the lens is not sufficiently solved, because of the

probl em on performance of the joint part between the

central hard part and the peripheral soft part.
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an object of the present invention is to provide the

conposite contact |ens capable of inproving the

tensile strength and the tear strength in the shear
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surface or fromthe concave surface to the convex
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the lens, thus inproving durability, and a nmethod of
(opaBdufacturing the Ilens material for manufacturing the

conposite contact lens. Means to solve the Problem
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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



peri pheral part is pulled in a direction along the
curvature of the lens fromthe center to the

peri phery, or when the peripheral part is pulled in a
shear direction fromthe convex surface to the
concave surface of the lens, a certain degree of
strength can be exhi bited. However, when the

peripheral part is pulled in the shear direction from
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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 8.0mm, 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



estimated that the strength is increased, as the joint
area becones |arger. However, when the lens is
actual ly handl ed, such as cleaning and renoving from
eyes, tensile strength and tear strength in the shear
direction fromthe concave surface to the convex
surface is rather inportant. (0018) Nanely, in a fina
product, the lens is desired to have not an exce sive
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sufficient strength in all directions.

theonoénti BAXEFyY, in a disclosed exanple of a
publication of an unexam ned patent publication, an

(0phZDined angle of the joint part |s not partlcularly
taken into consideration, and an vene
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material so as_to have a tion, is
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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



i nproved conpared to that of the | ens not having the
inclination in the joint surface. (0020) Nanely, a
breakage strength of the joint part in the shear
direction fromthe concave surface to the convex
surface of the conposite contact |ens cut out so as
to have the joint surface inclined in a direction
that the dianmeter of the -central. hard part in the

of §RRUBLHWL Ce%_stdﬂre &2§§| is r\fafi{é!ﬁf {han dhatal handheng
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nat¥@¥faPato lad €o: have an 1ncllnat10n, 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



orated a single conical surface cl ned so that _ i

of the hard part Iri the |ens convex surface is, |:a
?c.r than the dianeter A the hard part n the |lens
concave surtacn. an i h_. inclination angle of r
-a-al surface P, set so Mat the _nglea , .ed by

the join, surface dud the. revs concave : ace IS
approxinately at 910. (0022, he. Invent. 3 on of claim
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conposi ens accor |ng
Ci@] 10f .2, Wherein the soft material having the
hydr ou property is conposed of the copolyner, with
2(h¢0 60wt a of 2 hyftroxyethyl nethacrylate, 20 to
60mﬁ960f 2- -nmet hoxyet hyl acrylate, and 5 to 30wm % of
fl uori neeeont ad nedhal kylvepiBbha)oract yh at e 1aspessenti alhe
nmonomer conponents. (0024) The invention of claim4
proagcdes et hentconpdsintencont@ache denscadcpordiqgstotany of
one of clainms 1 to 3, wherein on the convex surface
silde hefrdt het¢ehsl, s ahaubaridomvexppaktcdrss ifsgringdyt the
whi ch protrudes forward with respect to the convex
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of a concentric
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 toclaiml, 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 and with oxygen permeability.
(0023)

The invention of claim 3 provides the composite contact

10



shape with respect to the optical axis of the |ens.
(0025) The invention of claim5 provides the conposite
contact Iens according to claim4, wherein the
annul ar 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
conmposite contact Iens according to either of claim4
or 5, wherein the, he| he. annul ar__convex

Lo, ARGl 8 1SHIParos cSkaliTth mfe%pe‘s?ef%l?h‘é‘ﬁ soft
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hol e, Mﬂth t he con|cal surface set as a hole wal
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mhereby t he peripheral soft part is forned; and a

(00zk)nd step of |nject|ng and polynerizing into the
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sug é%éeg¥%é“%&ekh l%%% tg% %%nﬁggktgoﬁggkaﬁgrt 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.lmm 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.
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| ens having the central part consisting of the hard

material and the peripheral part consisting of the

soft material is manufactured. (0028) The invention

of claim8 provides the nethod of manufacturing the

| ens material according to claim7, wherein in the

first step, the raw materi al nononer m xed sol ution of

the material for formng the soft part is injected and
(quneri zed into a polynerization container, and the

taper hole is fornmed on the soft material after

pol ymerel zamivemtihypn aofut tiiagmpr dcepsovi@OdP9)a Thethod of

i nvention of claim9 provides the nethod of 12
mamfdcanininiog fleesl masemaaér o8l the cornborl teo adndiant7 1ens

wherein in the first step, the raw material nonomer
aduoretl repluat izory ohe toife aiatiesi 4l thob .f opmprgsihg:sof t

part is injected into the polynerization container,

and aanflestodiehadi Aigraingpertagmmpedei onith the deaical

coni cal surface as an outer peripheral surface, is
suarfaaregedti as thdolawadilesunfaceondrer nikediablfiay gorming

and in this state, by polymerizing the raw materi al
thepsofitrpant yeersdivthenpenipherab\Hafy PREtnhs qmiedl: and

after polynerization, the soft material having the

t aper elcends stept @fndejectdd@) ande poAvasrigangf 1oty phe

10 provides the nethod of manufacturing the |ens
tapetrarobé aauoondt agiad rongmermiygselntipn aththe magerial

step, the raw material nononmer m xed sol uti on of
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 c¢laim 9 provides the method of

12



the material for formng the soft part is injected
into the polynmer container, and the male nold having
a projection for formng a pilot hole is arranged in
the raw material nononmer m xed solution, and in this
state, by polynerizing the raw material nononer m xed
solution, the soft material having the pilot hole is
formed by renmoving the nmale nold after

pol ynmeri zation, _and subsequent | u5£ n th|
ma‘Hbf%Ct?%ngtt&‘ﬁeFeﬂﬁlr%aF%”r Regostindot ot Fer vhptein
. % c_u.ttl ng Erocess % 0 Frél lhe i nventi.on .of ﬁr %ion of
in theyfdvedestehe thit AW BRTRLA ff&%l&?}?% lt’??é’ Fen¥
materi al accordjn to ither of c ﬁ% N h
thw@w%efwf@ 4 mos r BPF ﬂsr?@ae PR ARtoL5he
inner face of a lid for se o] LN art of the
po OIS hEr At Lot SPRLFLnP B0 S Or b MR ol SFvarg i 1baser
proigction %ﬂﬁ%?ﬁlﬁ%’g@g{%ﬁ#f %ﬁ%?%ée” #h7 Syteh Rqripheral
wherein the inn of the mer cont ai.ner
SURHRRE | BT 0SBl enaar A T TRO PG THAES bahasdon.
bl f to t t
andpo]rpr?rréﬁsz%%ﬁ? A0 B R
t f th | d tit d
s 8 ip%e%nhav.e | oHPRORLEPv et TS 80dH bethieT
h dl dto th ft . aft .
oot LB S0 18 AL TR AL BB e oo 1
row(ges the lens material for the conposite contact
cording to any one of clainms 1

(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



to 6, wherein the hard material having the taper
projection, wth the conical surface as the outer
peri pheral surface, is prepared as the material for
the hard part whereby the central hard part is
constituted, and in a circunference of the taper
projection, the raw materi al nononmer m xed sol ution of
the material for the soft part, whereby the soft part
inherchmse idfunetid fier pelayripgi ardnenipw parsgehlthd pplymer
the hard material, and thus the lens material for the
conbaposrte contact |l ens having the central part
consi sting of the hard material and the periphera
(opaet consisting of the soft material is manufactured.
Advant age of the Invention 14 (0034) According to the
conpBisé t dnyemtden | efis Gfaimheldr eranideshvEhei gipthase of
joint surface between the central. hard part and _the.
mapefapherihgsdia lpastmaterirhagcording kgla@vcone of claims
surface inclined so that the diameter of the hard .
7 parili wherelrntheckivsr fane ade the polymert FARtRRBST 1S
di aneter of the hard part in the |ens concave
corgtibubed avdammelding faaeitnyiamhégbradhas ictiiesy capable
surface is set so that the angle formed by the joint,
of Ukfrtice adhedringet ¢ difte soficalateridhad e RPPYBRFHBRELYD -
at 90 (obtuse angle in the shear direction fromthe
and ont aleastrifhe sunfadre ofc dhreRrodeciden oftkbeehate, mold
even when the peripheral. part is pulled in the shear
isdepeetibatedonst hee cBptdiRg sfrrachaydnghtovcapliegiveness
surface of the lens, the crack is hardly generated at
cappalg opfit being akardhyidagherdd bR abe o$°¥ﬁem?5¢ﬁ%aba"ﬁ ter
can be effectively prevented. Accordingly, the
pokymeRbEHt @M be increased against the force applied

when the lens is actually
(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, i1s
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
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handl ed such as cl eaning and renoving fromthe eyes,

thus inproving the durability, (0035) in addition,

when the annul ar convex part is forned, which

projects forward with respect to the convex surface

curve of the optical part, so as to be concentric

Wth respect to the optical. axis of the |lens, the

novenent can be forcibly applied to the lens by a

blink during wearing the lens. Further, when
(Opa#ticularly the annul ar convex part is disposed on

the joint part between the central. hard part_and the

per iffeanding $osfhe aPPOSihe FoRhechriePT At hBe present

i ncreased without making the thickness of the entire
inyrriyien . the fehRt | sigace PRrérers he %%ﬂﬁ%é’aﬁt and

the joint part can be further reduced. 0036) Al so
the@egtighegalosehit REThdd 6PTRAAIAC BFRLS (RS CafsSurtace

material of the present invention, the |len teria
inghpaet €0 b hed i e TaR dREhar s RETHE ChipdSlT Gonvex

contact |ens can_ be manufactured. Best kbd for, .
surkResi Hy WRIVhENF ditd sHaned®F P ipitbee Acg part in the

enbodi nents of the present invention wll be .
lens SIOAICREE REFEAFEerandythy FRfLinatton gngte of fhengentcal

FIG 1 and FIG 2 are bl ock diagrans_qf conposite
sugfRacks 9edn&0atRetdthg FRILe FroTred Fb diieo P I FErEace

conposite contact lens 10 is the conposite conth%
and diite H@rish §oRCEF Rt FHICERSEr 180ARPEPXHIREP LR Fardf (obtuse

material and a peripheral garttgonsistiqg of SO % the
angdg &} éqhq,vispﬁaﬁyg'lsagtlon from the concave surtfac

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 surface 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



property. A joint surface 3A between a central hard
part 1 and a peripheral soft part 2 is forned of a
single conical surface inclined so that a dianeter D1
of the hard part 1 in the |lens convex surface PCis
| arger than a diameter D2 of the hard part 1 in the
| ens concave surface BC, and an inclination angle a
of the conical surface is set so that an angle O
soff@r Pasit ,b¥hé hodrd RiresUERAC: IAc2BA syl EASUE ARDEME) the
surtface BCis approximtely at 90, 16 (0038) By
th3 ki@ beethBCéhpatd o@NGH tAcOfehber £bgb£al ThurbEeee,
in arange from150 to 660 of the conical surface as a
thePegidaka geN Wi kihealjodaltugartheaanpgberdrt RefedeBiicé e
joint surface 3A and the |l ens concave surface BC, the
(oanghe O formed by the joint surface 3A and the |ens
concave surface BCis set in arange from70 to 110,
t husamaki, Ngcddrd@Dss ity ehbanepat bfafahBEa€8SLingfthe lens
strength. Note that when the inclination angle a of
matBe1a108F Cohe Pifd et iinsentdbher thé heered feierdfal capable
reduci ng the breakage at the joint part 3 of the
ofCeFpestl @et9nhant fhevarmmeuflie tasnib s fteoBdtadtelens can
materi al becones smaller. Conversely, when the
bel Rahufatitaredngl e a is larger, variation of the
di aneter of the central part due to a processing
error of a position, where the lens is out out, is
easily nmade larger. In addition, the ,.joint surface
BegayMbaedebirbeasteliygr oughenedinventicorease the | oint
area. (0039) In this way, by setting the angle 0 of
{obhe)joint surface 3A between the central hard part |
and the peripheral soft part
Preferred embodiments of the present invention will be

explained hereafter, with reference to the drawings.

FI1G.1l 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 D1 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 o of the conical surface is set so that an angle 6 formed

by the joint surface 3A and the lens concave surface BC is

approximately at 90°.

16



2, even when the peripheral part is pulled in the
shear direction fromthe concave surface BCto 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
i ncreased agai nst the force applied when the lens is
actual ly handl ed, such as cleaning and renoving from
0030 eyes, thus 17 inproving the durability. (0040)
FIG3 and FIG 4 are block diagrans of the conposite
conBactet ehrg dbeotrrhina blen sasend efdtR FeRLCatiwrface
conposite contact |ens 108 has the central part
in gorange ifRPmofl 5t e BEr cPhrdber Fanienl sHEasa asharsecific
part consisting of the soft material with hydrous
nunmgagsad yalnge e anoder Pakernsedpey videy ipknketitriace 34
hard part 1 and the peripheral soft part 2_is forned
andofheg lfinfgreneaye calr &ans Bee th%enghec@p Serrpdbst ﬁée joint
di aneter D1 of the hard(gart 1in the lens conve

surd@ceadé RRA(FROnteRuIR)CTE IS dECS RaniBhEehi ’aﬁ’re‘i‘e‘?ange

D2 of the hard part 1 in the |ens concave surface BC
fro@b&@et@u¥¥%3 thu&ﬂﬂaKHQQPﬁbPPﬁﬁ%Péﬁ‘éh@WQe§to?nt%R9rease
coni cal surface is set so that the angle O forned
of Ph%tlj?%‘il%‘t‘h suMod@e thatanber e ¢ éﬁ@llé’@ﬁé&?ea§ﬁllﬁa%e°%éhe
ap rOX|nateI at_ 900, and furth
cone& EaTe 35 dnd bt crog FREF S OB s i O PR s
espect to t he. convex surface curve of he opti cal
at m?tj%wanarapi)&ﬁ ERE P foPEacH 1TRs BEBAGyTed
from trcxJ tlle%a‘}sl mg)i(:leilglo{)ecgnr]]gsls?nnile 004C2>nversely, when the

inclination angle o 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.

(0039)

In this way, by setting the angle 6 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
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In this case, the annul ar convex part 7 is di sposed on

the joint part 3 between the central hard part 1 and

the peripheral soft part 2, and a height FX of the

annul ar convex part 7 is set to be Olmmor less wth

respect to the convex surface curve of the |ens of

the optical part, In addition, a width Wof the

contact point of the curve form ng the contour 18 of
imphevELEt tRBaklutapelotyt he convex part 7 and the convex

surface curve of the lens is set to be 0.04mm or
(o0@og. This convex part 7 can be processed together

with the cutting process of the lens. (0042) Thus, by

provirTis Ny &he musuhamreornieckaitiadgrams tde thescomposite

convex surface FC side, the novenent can be forcibly
coppttellentoatberlitng by a betcokd émbediimenon, the

annul ar convex part 7 is particularly arranged on the

j 0i Mthpar tompbei teecohhact ckansal0Banas pthe feafygalhpart

peri pheral soft part 2. Therefore, w thout making the
cofdisten§ody ofhé hhardnsndiemial ahéd jthientpenimerah part

i ncreased, and the breakage at the joint part 3 can
cofeiftihfest r e ceolf t (OOYUSYidbtwl tihdtydriraish@rgietyyof The

the convex part 7 is set to be 0.1 nun or less with
joigBpearfhcet BA dmiweesuthaceeotred bRTd: pardptl capd the

part, but a foreign substance feel. on wearing is
pefieplebopidsofis gdret Reiighfoometihef cormigglgacenicad surface

i ncreased, and when the height of the convex part 7
inébihad ufd ithaenthe atiameheanPaget dhenpard f1afithg wn the lens

continual novenent of the lens during wearing is.
coneexceurfdce of@i MEpront thartre) gt lgrgert fean the diameter

D2 of the hard part 1 in the lens concave surface BC (base curve),
and the inclination angle « of the conical surface is set so
that the angle 8 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 0.1lmm 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
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convex part 7 is preferably set to about 0.01 to 0.05
Iran 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 formted in
a circular arc with curvature radius of 0.01 to I nmm
having the height of H= 0.1 m orless with respect

19 to the convex surface curve of the optical part.

Ho h
oe SRRV e 614 B BARVER T LSRR e
connect th
curift ti’r‘?dlteﬁ‘ée:?ﬁr%gtérgl %2 SIRRL DL HoBUT Vo, Sl d i
ition
pend el oYL PR B R e P e

B. However, in this conposite cont act lens, a step
1:hed %% the peripheral part swollen by hydration is

r‘serated inthe vicinity of the joint part 3, and

s frequently affects the novenent of the |ens.

Th f b
3 §; doéeP%?%rf‘%Jﬁvle B AnBraRhole Soflex pASH) Pl R8tens
met

convex m & E# ag %"L' qg?%%é gxeﬁba%oréi'ﬂ)if"béﬁplled

orementi one osit

co G SShaufl TR eI bRt ﬁ@e@hﬁgﬁﬁw@%@*
7 {ERLAE L0 NIRRT S SO0 foing S SO e
centay hggliepaéqu: hsarfé)‘:ﬂg%eﬂﬂ}{bz?af gBE‘E%aLSEJEf. aoﬁlér.eéfore ,
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
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
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as a hole wall surface 40a, in a material 32 for

formng the soft part whereby a peripheral soft part

2 of the conposite contact |lenses 10 and 168 is

formed (a nethod of formng the taper hole 40 will be

described later). Next, in the second 20 step, as

shown in ;b) , a raw material nononmer m xed sol ution

31A of the material for forming the hard materia
towtier ebpvex senfaaé dvarvwe pirthe optichd parpositiowever, the

contact lenses 10 and 1OB is fornmed, is injected and
cipohyaercwede ifiorming &ber convex 4mrt Fhandbihe girstigoei the

in (c), the lens material for the conposite contact
lehensohwekngurfizceeHfr ahnphet copnsrtednge ofagh haklger by a

material 31 and the peripheral part consisting of a
smgofhingnicamivel, 32pLine beuskeai mad WeeorurHg tusimy sthem

net hod, the nonomer having a good affinity with the
togethgheral soft material 32 out of the kinds of the

nmononers providing the central hard material 31 is
(0pétheated and pol ynerized into the peripheral soft

mat eri al 32, and connection of the peripheral soft

mat efn @At on. tth@udddala-knewa Aensr faFign ¢an be used

realized. Note that a designation mark 30 indicates a
inpthy neforemenhioredt aPRRes ke dosntaghl lenteyi by amd 10B.

material 32 for formng the soft part. (0047) From
Howé¢eet ensn nEleds | apmposithecenhipoli tentort atieR dhite tqukhe

obtained, the lens is manufactured by a cuttin ,
pepipkesal BErid FySldiesn eyt PResfr @8n6§ﬁf‘-g§| iRarthe

part diameter. _A method of cutting process usual
viegtpity mfdthy peisbiarikd.| ped Fhig %é%nitéyaagﬁ?%é? the

and in sonme cases, by cooling and cutting the |ens
movenert AL thegdensad %%ﬁ%a’é?r? erfs BygJemay 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 10B is formed (a method of forming the

taper hole 40 will be described later). Next, in the second
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can be realized. (0048) Here, a direction for
processing the :Lens fromthe lens 21 material is

i mportant, 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 dianeter of the central hard
part | in the lens convex surface FCis |larger than

the dianmeter of the central hard_part 1 in .the |ens .
steponagvehaunf i el Bo (asé?éleF'éFfr&ﬁ& BPROHFT ‘t"o’é%g)s‘%e]ﬁlstmn

addition, the conposite contact |enses 10 an 9?
312meiutthet maéer59lwﬁeﬁ. APRRLiREy the *b%@ﬁaaeaew% whereby a

cenISSRILLL LY 80 e SUrlase, S0 EScl0 be 209y s fhs
15 Bpemods hBCURESCHAY HIARIIhAAT 25 FOF. t%‘%%g%%ols@ 0.
ol SR ﬁzzgaeﬁ%%%d' 4, Par%%%%dmposue
et o1 o 1 RBoCERT ARGy %m% g?ﬁﬁbstb?g S

relatively hard material cap be gbta 005 1u§¥Xtthe

mat@ﬁ#@ﬂaﬁzeﬁﬁﬁppés°9Félﬁﬁgen APGPr{HRY ?h BFCTE M ng

the taper hole 40 t he. [ .32 f f he

monSHrE ﬁzﬁc‘)‘g?z% B QoRd CORF AT EFadl b B oPERTT P Ao Ott
a.

material % 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
t+hus 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
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As a first nethod, as shown in FIG 6, in the first
step, the raw material nononmer m xed sol ution 32A of
the material 22 for form ng the soft part is injected
and pol ynerized into the polynerization container 30,
and the taper hole 40 is formed by a cutting process
on the soft material 32 after polynerization. (0053)
As a second nethod, as shown in FIG 7, in the first
mate@lal tike inmwrtairar, alndrenorEmtmiswd se B32oma3dkenf the
the material for formng the soft part is injected
centiralt barpohyteriaat 3 brand aitteapered.pBeradndant med el ld 32
41 having a taper projection 42, wth the conica
isf @eemesl af eutsEingier iqurareall faod ad@a, indldnedr rsandgdeti the
the raw materi al nononmer m xed solution 32A, and in
ditafiex et af ethdyeparpiehazdnptthé imvihmafensatomostoserrface
m xed solution 32A, and renoving the male nold 41
rFcafikelargekytean zdié ohi andises offt thet eehéral2hémdipart He in
taper hole 40 is obtained. In a case of this exanple
thas leheweonkatviee shirface, BCt {eepnF@Gndl ¢nd1FiL§.3) .
integrally formed with the inner face of a li.d 43
(obag)seal i ng an upper opening part of the
pol ymeri zation container 30. (0054) As a third
met hod, addishown itheFlc@mposiimet kentpcst lensps 10handawOB
mat eri al nononmer m xed sol ution 32A of the materia
mahaf attumedgby @ chdintingameyike provdded with hydaophilicity
pol yneri zation container 30, and a nmale nold 48
onhicvé sgriapeojscasdw B adeptedotmiripathdighids byok sur§ace
di sposed in the raw nmaterial nononmer nixed solution
trgaAmeandsiuchtdd & plaswa txedfuigniebyzingct hée rgag ., 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
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mat eri al nonomer m xed sol ution 32A and renoving the
mal e nold 23 48 after polynerization, the soft
material 32 having a pilot hole 49 is forned, then by
using this pilot hole 48, the taper hole 40 is forned
on the soft material 32 by a cutting process. In a
case of this exanple as shown in the figure also, the
male nold 48 is integrally forned with the inner face

of alid 46 for sealing the upper openi ng part. of

fomp Sy ioz Be cﬁ?ftcEﬁF‘ﬁlh"elmS@c‘:Fé el-‘ﬁé’* F° e
hole 40 is fornmed by the aforenentioned, secqond

poliymenl Fast gy comt aigier 30 n e & e L8RS o6 éQe?:%t%ormed
t he nmet hod by adding the foll ow ng nethod Flrs$ ;f

bY i thercHtddef PERESSS vRBr i 338 oﬁOant*a?ﬁ%ﬂaéo 3 after
constituted as the nol ding face having high

Polgeshi A€ capable of firmy adhering to the soft
material 32 after polynerization. For exanple, the

(003F¥ ace treatnent, etc, for inproving adhesiveness is

applied. At the sane tine with this _sur

e ..
t r edSertecqreme§hpde 25 SROMReMEILE - ol ag% fhGshgtep.
are constituted as the nolding face n
they diies Mpdivddst L FRPRBRE BRXRG a%%a%ﬁﬁﬁ 3’6 e maqrial
material 32 after polynerization., e
£omSoRMEG PAIRRPFY - RV IR e T PhP o imien i rpon
are manufactured b olyolef in resin, etc

COn I 0o G SBRLCI B 1) DaYLAP b S 9%9?&%%% 82,
0056) In this way, the fO||OMAn adv nt a n

WL G R R Reihel 906 vABN B EUE BB e B SIERE G Ip A Sofh dete 15
arrangyenc{arzl.lnz%yeogaw 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 1id 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
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24 container 30 is sinply sealed by an al um num seal,
etc, as an opposite exanple, a columar space (taper
hole 40) is formed by machining, and when the centra
part nononer mxed solution 31Ais injected into this
space, the shape of the columar space is deforned
due to an internal stress by a shrinkage during
pol ynmeri zati on of the peripheral. soft material 32,
48t hfisemrakohgmerizationcuthe tsofimkatehéadodposating a pilot
contact lens with estimted shape having the
hoper £ phies dlorpert, thesilsy iusgngl thhe miofat hedeedBaltlendaper
the central part consisting of the hard material.
holleasnhid EprmneReot lrbeas of tmeriteirdiadd3 2 Xanpl @t Whegh process.
pol yneri zation is performed by conbining the
Inpalogasr pLathhion excomtlai asrsi3vn hat thed igvder gdae. ttihe male
surface treatnment for inproving adhesiveness, and
mofd| ¢8nbé dentdgrablly 4B iddiyidsd dhd ingrhea¢aet a 1id 46
projections 42 and 47 that have not undergone the
fosursfegdd ntar eEhrenppéropventiogedard rfyethe polymerization
non- adhesi veness), the peripheral soft material 32 is
conthéned 86.t he pol yneri zation contai ner 30 side and
is not adhered to the projections 42 and 47. This
(oapbevi ates the internal stress generated by the
shrinkage due to pol ynerization. Therefore, even if
t he Weent¥he Ywmear kodendp i dermesd v dhe3gahorgmentioned
injected later, an advantage that the col umar part
sepgndmr défigidhiegthedn bl isobuathed. sabostactorade exequte
by previously applying the processing to the inner
theametbedt hE pdlyngritheat fohlewindimRFNIBD- nade of

plastic, whereby the adhesiveness to the soft materia
32A Firspp 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
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i nproved, a machining process that follows can be
facilitated. Nanely, peeling between the |ens
mat eri al pol yneri zed inside and the polynerization
contai ner 30 can be prevented, and therefore it
beconmes possible to nachine the lens materia
together with the polynerization container 30. (0058)
Not e that as an exanpl e of an adhesi veness appl yi ng
process of the polynerization container 30, a cqrona
coriBTIRN GO ier sbPPEYItSeME G By a8ndlvPLRtReiftal o6 C i ASAD
reduced pressure chanber in the atnosphere, SeLng an
opmteicts iexanpliace EPEHPRBAL SPAELOPYahPE (ddlsThasked
nmet hods allow little damage to be applied to the )
by pelcyiningat #ofh Wbem BPASeHR aPEThdr T A A Miyed solution
preferable froma viewpoint of different. conponent
315 pecrpinaitebantattd i erpess thit eRpRE OFFhRe Ga wnRg space
pol yneri zation container 30 is enough to be a for

is dlafiemad dusr t@ SBcdBTRg ImSERESSc BY eu?FFﬁakﬁ%gé%’é%ng
and for exanple, in order to grovide a rig rt ofka
POIGMAT HF TR PACNG PEFLPREFeofabt BAGTIAdVT e s Making
_concave/ convex part on the side face ﬁnd a, ttog1 ted
it fagdisnlinko FRkenbhe ZAURAE L Canhert taf prdvi gatigate
concave/ convex curvature. (0059) In apldi_tion,f h £t
shans oRavhgdt FhencP¥ bPRAERL | &FEE et hotf otng © e so
manuf acturing the lens material, the soft terial 32
materigk epdotie PG ePREE T ORMF 1HRI PR ter LA tertal
nmononmer m xed solution 31A of the hard nateria# IS en
i nj MePEFtEAE® pollyher | 288  PROERRSPLHEPSHol BXFBPLEr el
on the soft material 32 |ater. 26,Fbm§ver it may b@ion
PolsEneisad kR df DI et By oREPAPige s bolymeriza
container 30 that has undergone the surface treatment for
improving adhesiveness, and male molds 41 and 48 (1ids 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
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Is previously formed, and the soft materials 32 is

polynerized in the circunference thereof |ater

(0060) FIG 9 and FIG 10 show such a nethod of

manufacturing the Ilens material. In this nethod,

first, the hard material 31 having a taper projection

31b, with the conical face as an outer periphera

face 3la, is prepared as the material. for form ng the
impFHoFRAl b madieBly bhecesstthalt heldopaidanlbeffalchieitated.

conposite contact |lenses 10 and 108 is forned, and in
Natd@vCi peenfiasepsewdin s 1eaRehat 8F 0h €Cid BineXli¥ed ABside

raw materi al nmonomer mixed solution 32A for the
andBt®d Folghettatdd Eadtainkierebychhevpepicphrenakd, and

soft part 2 of the conposite contact |enses 10 and
£hd@8 floF-eC GRS thdddnes, pdssiPaly el maettinad thiedeenst mgtakial

with the hard material 31, Thus, the conposite
togenhaet Wiems thavipagynkeieantibal cpathinednsosti ng of

the hard material and the peripheral part consisting
(ooksghhe soft material can be obtained. (0061)

Specifically, the taper projection 31b made of the

har dNotBt @hiaal a¥l 45 &edmpIsi 6l aheafihbyireeneasi applying

contai ner 30, and the nononer m xed sol ution 32A for
prpEe¥%ists fighiehpo paié phededon sohtatmeerit) aicomniay dbschatdge

in the circunference of this taper projection 31b by
traatApAropnhias ep pinndreAtmendi, ngtto imis redeckeddprehsure

nmononer having a good affinity wwth the periphera
chambkernai ehiead troudplodrd heekngds efletheinonomeEcs treatment

providing the 27 peripheral part material is
mepRbAcataed tndised.ynEhézednd titaald hd lowehittle plantage to be

material, and connection of the central part
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.
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material and the peripheral part material is realized.
(0062) An exanple of FIG 9 shows a case that the
taper projection 31lb is integrally forned with alid
51 for sealing the upper opening part of the
pol yneri zation container 30, and if the upper opening
part of the polynerization container 30 is closed by
the lid 51, the taper projection 31b nade of the hard
material can be set at a predeterm ned position. |
Howg vy, tiffe M@¥amsl 6CoFonEEEtubednbhat athaderdarateretial 31
mal e nol d having the taper projection 31b is set in
is prevaRBFlBcteBvEharndotne Ko typR aEtaLadohs R Eiserzed
30. (0063) Note that the copol yner of poly- 2
in hedregaraifiarenss Ha@npcsdt d3&8d -a publicl y- known soft
contact lens material, etc, are used in the
(008&)i pheral part material of the conposite material.
However, fromthe viewpoint of the change of the |
shafdGaft ard it - ¥hshyv ke Betaed ofhdaspfargpRing the
soft material with | ow noisture content is preferable
lengs mategdidéili-en by hydration. In addition,
pol y-nethyl -nmet hacrylte and a public]y-known hard
contactniemg thafle i B1S thath A G o iRteT it Rddi ViR aaper
used in the central part materjal. 006;13 FIG 11 to
progegtiey SAbw WiFR| BR¢ SiPétdle £RCAN AR LY tepdteripheral
angle) a of the conical face and an angle O forped. b
faC@hgl?omﬁ progaggpiat EngAakRE 1k fPENEO TR A S ?Fgégart
BC, in accordance with a_difference of, the concave
WhegEbHaERS BENE AR AERPATInY AZORH) COMRRRT eaCaR BAGE drenres
the central _hard_ part_ 1 is set at 8,00nmm

10 and 10B is formed, and in the circumference of this taper
projection 31b, the raw material monomer mixed solution 322
for the material for the soft part, whereby the peripheral soft
part 2 of the composite contact lenses 10 and 10B 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
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Table I shows this relation by nunerical values, From
these figure and table, the taper hole 40 for setting
the angle. 8 at approximately 900 and the inclination
angle a of the taper projection 31b can be known,
(Table 1) Rel ation between joint surface inclination
angle tX and lens joint part angle 6 forned by each
BC, when diameter of central hard part is set at 8,0
pefiphedal Martunfdeeiahadld parineatB8C@vdg polymeghged:into the
ta(") 6 78 9 10 5 53.19 65.15 65 89,61 71.42 10
ce®Brd® B5t5H MAtERiG1l,76nd? coheddibh 7K 18hgscenygabipart
81.42 20 68.19\ 75,15 80 83.61 86.4 23.58 ...... 1
matérial 80d B%e 78effpE04b BErBonstenilal2is 2pe@bized.
- -_ 90 3tl 18.19 85.15 90 93.61 96.42 34.85 90 ..,
(o¢62¥ .., 35 8119 90.15 95 98.61 101,42 4R 88.19
95.15 100 103,61 106.42 41,81 90 --- ------- ---- 45,
93. 1tn £@AmpEe kISF1089 Gholikla £2se5thaig the tammr Brejgction
113.61 116.42 55 103.19 110,15 115 118,61 121,42
31b is integrally formed with a 1id 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 1id 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.1l1 to FIG.13 show a relation between an angle (taper

angle) o of the conical face and an angle 0 formed by the joint
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60 108.19 115.15 120 81.61 126.42 (0065) Next,
several enbodi nents and conparative exanples will be
descri bed. However, the present invention is not
limted to these enbodi nents. 29 Enbodinent 1 (0066)
First, 2,2'-azobisisobutyro nitrile is added to the
nmononer m xed solution by 0.lw % of nononer m xed
solution conprising 44wt % of 2-hydroxyet hyl

BB, P et
cf hacr afI %ﬁl V"h'o%rc‘; L3 %Hf?aéé & e(‘%ngr{ s%ﬁs%&elomm)

ron ‘ai ned |

whal &6 e%be' “%Fgr s y 'cgﬁtkg;' nRELYSELL 284 'sogeeogs}aansam

yl'ene I'nner- dir aneter of

T %?aE)JUP unggv‘%ore&gltgsgab U Gid P 1 gf%ﬁflesa C?ngnt £R8se

egree of Vacuum orr .
flé)';?%g?l'l}{é 1‘-9#'%_ N%@%ﬁ?g’e Si nqk\#&osgﬁég?w%sgngle )
at %‘%%%R'%% R, 3 st dcad 8: ;lf%fﬁ. 458 § s ppe taper
pr%-’j’?%ﬁ]-%ftll o g t?e ¥Edn at 0O in a hot air

yer ereafter is cooled naturally up
7 n1tenperature and a peripheral part polyner
( %% t terial 32) is obtained. (0068) Next, a
colunnar cavity (taper hole 40) having an

Relation between joint surface inclinationangle ¢ and lens joint part angle 7]
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 D tgesaman o —— 80
25 73.19 80.15 85 88.61 91.42
26.39 — — — 80 —
30 78.19 85.15 90 93.61 96.42
34.85 e 90 ——— —— e
35 83.19 90.15 85 98.61 101.42
40 88.19 95.15 100 103.61 106.42
41.81 90 — A == =
45 93.19 100.15 105 108.61 111.42
50 98.19 105.15 110 113.61 116.42
55 103.19 110.186 115 118.61 121.42
60 108.19 115.15 120 123.61 126.42
(0065)

Next, several embodiments and comparative examples will

be described. However, the present invention is not limited

to these embodiments.
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inclination, with a tip nmade 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 m xed sol ution obtained by adding 30
40m a of t.r:i.s, (trinmethylsiloxy)
-y-nmet hacryl oxypr:opyl.si lan, 45w % of
EmBpdimenti fll uor oet hyl nethacryl ate, | Oum % of
2- - hydroxyet hyl nethacryl.ate, Swt % of ethylene glyco
(od6s)et hacry: Late, and O, 2wt % of 2,2' -
azobi si sobutyro nitrile to dissolve therein and the
i d Fsrseal 8d2 'whizobiisd sphetypat niitpidbke ilsotadded to the
circulating dryer again, and tinder the sane
moonondict mdreds sdéstibbetiyalolwtdt h€ monomer mixedrsoilntion
the cavity is polynerized, to obtain the conposite
comprésiab @4en$ ofat2rhydyox0oEo)]l Methagmokite 35wt3 of
material is not taken out of the polynerization
2-wmehhakpethyindcbylatiki ngOut&urfi mgthathinathgerplatei sand
pol ynmeri zati on contai ner, the conposite material is
1lwhdcdf eedyleneeghunp s adinethacnrgtsy whhehnbs theahs hirged
technique, so as to obtain a lens with a thickness of
toOdssamlvat a position where the central hard part
diameter is 8 mmin a direction that the concave
(0o867dace of the lens to be nmanufactured becones the
bottom surface side of the conposite material. .
Theriest erthe higefepalution fheg phtakeeddrmarisgtpaeinto
and it is found that the lens after sufficiently
a oif biedriqnk pelymerigatisn aentaingle magepesi Pelpfrretene
| ens having the central. part consisting of the hard
witiat dpngr ghdnafepeef pAdr aimpakkat cBasi SMdeFaone Helasma

soft nmaterial.
treatment under a condition of output: 50W, a degree of vacuum:

0.6 Torr, a reactive gas: and Ar, 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 1is 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 o = 20° is provided to an axis of this cavity.

In this cavity is injected the mixed solution obtained by adding
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(0070) As shown in FIG 14, breaking strength of the
joint part of this conposite contact lens, with the
peri pheral part 31 swollen by hydration, is eval uated
by the follow ng nmethod wusing a universal testing
machi ne "M Nl 44" by I NSTRON Corporation. Nanely,
after clanping and fixing the central hard part 1
with a jig at slightly inside of the joint part, the
peri pheral soft part 2 is gripped and pulled in the
4owsheart taisddtion thovarid oxdyd -¢ onetlxasny i es¥peery hell&ns
at a speed of 6 mimn. The breaking | oad generated
45whdr ofi 2 .@val-taidd uagroedhydnpathassyénte . valigorta
conparative exanple 1. Parts where the breakage
2 - hydewsyeshd lr aeitbgcaty lgdcer Jtitig ofhethiAage 9LYFRéE
joint part are corresponded and a result is shown in al
dimedblasry2ateqoznyl O¢ ybkeod) 2 30 NP ASURFHCE NG NATR G 1o
ANGLE ANO JO NT PART BREAKI NG LOAD, BREAKI NG PART,
to JOENTLPARTMSRENK MGl RATe G {d4ts( EAeLeSAMPLESD 75aNBlsPut
BQINTSURFACE TDI RT PAT; O RFASEth L' AG JO NT PART
in BREAKPNGaiK, cimcolaNdng dFyerBREAKENGAPARENIGF RARS: Fame
(GE) 2 _ fNCLINATYON ANGLE JO NT PART 3, CENTRA .
COnENANPRAS 96SIrodefEp PHERARNRER DL A SUERANF H RS opvity
NOT BROKEN AT JO NT PART PERYPHERAL MEMBERY 9&
is BPAVBREGZ2¢.NOP BRORER AhejcpNpopiRe material (lens
PERJPNKRALVEMEBEO. T 7' . EKAMPI E4 NOT BROKEN AT SO NT
matpARR1) - pff R PN@GRAL MEMBERT q

(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.1l4, breaking strength of the joint part

of this composite contact lens, with the peripheral part
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45" 5.rof : Pacpii'mz<<e’'u x 0 ., m1.43 JO NT PART 6,
CENTRAL MEMBER L ~.. 86 T"'', c4YZRnm c. ux+++r-1'
""*[JO NT PART], CENTRAL MEMBER I, QP 2.12
PERI PHERALMEMBER 1 60 R AVERAGE OF BREAKI NG LOAD AT
JO NT PART "1 : LMENUMBER OF BREAKAGE ATSOANTPARTI ME
NUMNER OFSAMPLES 100 Exanple 2 (0072) The conposite
contact lens is obtained in the sane way as the
sw68Xa8n! 8ylhyaxaktidnngishevadiuatetihay the Fndlpwangonethod
angle 1is changed to a = 35 provided in the cavity of
usihg peripheratsaB?2 tpattinpt enchlineantMBVEd 4/at ign  IYSTRON
made in the same way as the exanple 1. Exanple 3
CofPOZ3)ioR. 2' Naaaby sisbibait yelanp trrg lamd §ixddgd the thetral
nonomer m xed sol uti on conposed of 46w % of
haZdhydroxyetingt a neighacr gllagbt18Sinssdd & mitchgeyatthphrt,
acrylate, 15wt % of 2,2,2-trifluoroethyl nethacryl ate,
thansetiwWendl etdfitl paet gl ysairidipmst hadrythied by the whear
of the nononmer m xed solution, which is then stirred
ditectisaotaeard Ghst coNeelk, sthagexed thel behonat Ruspeed of
obtained is injected into a cylindrica
6 payyiBli ZEHé drexivitrey Neradranbmegfatipd Perepysepngaluptpd as
i nner dianeter of 17nm that has undergone corona
a dbinpeharsge bf eavabne ofnas icdepaivetdyt dxamplisal} Parts where
el ectrode, with tip end set at 6mm under a condition
thefbsetkagd bagers2dakExatios 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 (%)
(EACH SAMPLES 7 SAMPLES)

JOINT SURFACE JOINT PART BREAKING LOAD JOINT PART BREAKING

INCLINATION ANGLE (N) =1 BREAKING PARY RATIO (%) *2

INCLINATION ANGLE

° JOINT PART 3, CENTRAL MEMBER 2,
EXAMPLE 1 20 3.08 PERIPHERAL MEMBER 2 43
EXAMPLE 2 i5° NOT BROKEN AT JOINT PART | PERIPHERAL MEMBER 7 0
EXAMPLE 3 25° NOT BROKEN AT JOINT PART | PERIPHERAL MEMBER 7 1]
EXAMPLE 4 45° NOT BROKEN AT JOINT PART | PERIPHERAL MEMBER 7 0
COMPARATIVE EXAMPLE 1 0° 1.43 JOINT PART &, CENTRAL MEMBER 1 86
JOINT PART 3, CENTRAL MEMBER 1,

COMPARATIVE EXAMPLE X 0° 2.12 PERIPHERAL MEMBER 1 ’ 60

*1:; AVERAGE OF BREAKING LOAD AT JOINT PART
*2 : THE NUMBER OF BREAKAGE AT JOINT PART/ THE NUMBER OF SAMPLES x 100

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 o = 35° provided in the cavity of the peripheral
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set output: 51W processing tine: 5 seconds, under

at nospheric air, by using ".1V-2010" produced by
TANTEC Cor poration, then after sealing this

contai ner, the mxed solution is retained for 42
hours at 42 and 6 hours at 80 in the. hot air
circulating dryer, thereafter is cooled naturally up
to a roomtenperature and the peripheral part polymer

i s obtained. 075). Next, a. col I vit t r
parifo@ beay Alav PG CRELURPLIR nid FAE ar ROEhENTs FPREqs the
gradually smaller, is forned by the cutting process

exanplend -center of this polynmer (soft 33 material 32).
Note that the inclination of a = 20 is provided to

Exafpd ed s of this cavity. In this cavity is injected
th% m xed sol uti on obtai ned by addi ng 40wt % of

(0073 s(trimethyl siloxy)-y-nethacryl oxypropyl silan, 47wt %

f 2,2, 2-trifl t hyl th | at e, ,
2 R FEeRI P REERAEry FATE L Lntsh SROSnyCen gy AseT
di net h te, d 0.2wt 9% of ,2 2 - bi.si S
misd 11 POLE Lo o5 SPPROFREr et ahdChe Pra 1% MRmteyetnyl
which is th int t .ai [ | afj d 5
e Siaeiiy Ik TR b L\l QUBLLAS, iR or
b . 1-h ' [ h [ [
2, By A S a AP AR REY S8 HB 08 T k&, o ( SRRy Lene
terial 007 h ' ial. ] t. &
TLT5G. B HRRChBrg Rk 301 SREESH S ALICTofF BYeB8isdiBidion.
wni Gl SO0 A TEER 118 TSRS ned by mechani cal Ly’
utting by a normal machining technique, so as to
(Oogﬁﬂain the lens with a thickness of 0.15

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 80° 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
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mm at the position where the central hard part
dianeter is 8 mmin the direction that the concave
surface of the lens to be nmanufactured becones the
bottom surface side of the conposite material.
Thereafter, this lens is dipped in the normal saline,
and it is found that the lens after sufficiently
di pped in the normal saline is the conmposite contact
mak8R8ahayi ng Nt epatrdle pactigensbatdmg 0L0Fhis pavdided
material and the peripheral part consisting of the
toseht amiieroal thIbhecaadey. evial uatiisoraad tyhésewhddctedt the
1 is executed for the conposite 34 contact lens, with
mikBa periuphenabbpaihedwby| edadbyghydwatiofi. Exanple 4
(0077) The conposite contact lens is obtained in the
tr3a(erVRA¥th@ssinexerbpdiammd ey 1 exedtudiyig itllee pdi7att 3 of
that the inclination angle is changed to a 450
2, evidedliorbhehghvine yhatryhete pedwpherfl 2 gaydroxyethyl
material, and evaluation is made.in the sane way as
methaceyaapee 3wt§0078tkrbepar alyvel ekangtladry e, and
conposite contact lens is obtained in the same way as
0.khesexfind) 2’ 1, a=xel sk sty e poittiltehdo Ghesedvantherein
cavity, that has undergone the cutting process, is
andother puiddes sealdé, wehckripathenfpuhelpefipiytalair
part material., and the evaluation is made in the
cisankandygadrybe egaiml eand 0dF0) theSores ardndl tehathe
2> The conposite contact lens is obtained in the sane
demayibed &bevexahipdenGnomee| ik bigre hin pintcahidty tife
inclination is not provided in the colunmmar cavity,
ponymerhasdummw@mmglﬁmgcomp051temater1al(lensmaterlal)

(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
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cutting process, in the center part of the peripheral

part material, and the evaluation is made in the sane

way as the exanple 1. Exanple 5 (0080) in the lens

of the exanple 1, a concentric convex part 7 having

the followi ng shape is forned on the | ens convex

surface FC side of the joint part between the centra

hard 35 nmaterial 1 and the peripheral soft nmateria

2. Height H of the convex part 7 with respect to_the
cormviedensur Wath theveenirhéerabmahlsviedden=y padration.

Wdth Wof the contact point of the curve formng the
Examgnhexd part 7 and the convex surface curve of the |ens

= 0.59mm (0081) The lens thus obtained is actually
(0G@BrN, and the novenment on the eyeball and the wearing

feel are evaluated. Its result is shown in table 3.

(Talfihe IPmPYALUATFONtOF tMOVERVENT ONEE 3 il L nANPREARIRIG 2Y

FEEL MOVEMENT ON EYEBALL WEARI NG FEEL EXAMPLES 0 O .
as ERaVEREo@igen EXAMVRERELRdGG g thenraRalr e tEXRRPLEC Bigatyon

COVPARATI VE EXAMPLE 4~ Q (0082) The novenent on the
angheebiad Ichanashftia meds M6 apgioviidegngn 'te- zRViEy PEPEER

Corporation after 1 hour when the lens is
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 gide of the joint part between the central hard
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worn. The evaluation is shown by o: good, n. slightly
bad, x: bad. Exanple 6 (0083) 1In the |lens of the
exanple 1, the concentric convex part 36 having the
followi ng shape is fornmed on the convex surface side
of the joint part between central hard. material and
the peripheral soft material. Height 11 of the convex
part 7 with respect to the convex surface curve of

m&ﬂg%lgﬂtuc%hdp%%b pehiphEralV doli t\Whaketrh@icant act poi nt
of the curve formng the convex part 7 and the convex

sur f aeg ghl ¥ & Ofkhkheohe8s part 64Mmth Dt ¥o(l84pnvex
In the Pens of the exanple 3, the same concentric

SUTFARX el oS thidalopaficdhahe paxanpl 6 .64mm fornmed on the
convex surface sack of the joint part between the
cent rakkthaydoratBEi abnoadt phenpest phes adumsaf tftorming the
mat eri al. The novenent on the eyeball and the wearing
cohe@lk BaPtevahuaties dohviekessafRcaayras: bhetiexanpke= 0559mm
(0085) <Conparative exanple 3> The novenment on the
(o®yabal | and the wearing feel of the lens of the
exanple 1 not having the convex part on the convex
sur f age Bl thhistderd Al asactwal 1yt edrnn andet sameveapnt
as the exanple 5. (0086) <Conparative exanple 4> In
ont hee eRebafilt hadexaepheatinyhéeednaeat eveluaheéx part

Its result is shown in table 3.

(Table 3)

EVALUATION OF MOVEMENT ON EYEBALL AND WEARING FEEL

MOVEMENT ON EYEBALL WEARING FEEL
EXAMPLE 5 O O
EXAMPLE 6 O O
EXAMPLE 7 O O
COMPARATIVE EXAMPLE 3 AN O
COMPARATIVE EXAMPLE 4 O 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
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having the follow ng shape is formed on the convex
surface side of the joint part between the centra
hard material and the peripheral soft material,
Hei ght h of the convex part 7 with respect to the
convex 37 surface curve of the optical part = 0.12nm
Wdth Wof the contact point of the curve formng the
convex part and the convex surface curve of the lens =
1.00mm (0087) Note that table 2 shows the inclination
haghrg &hsf Q%Jeo‘fwgwtsha@@r%%é@rwﬁe%ftél&k?%‘f%éalréﬁceh%lde
joint part, breaking part, and breaking ratjo of the
of | 'H?%tl‘b%fﬁ ‘gapt betwasienirahdandkeMatsridle aiedBieng
strength, the breaking strength of the joint part
Pe?ﬁﬂ@ﬁ%ﬁ#t?ﬂ??ﬂﬁﬁ?%ﬂl¢éhd part and the peripheral sof t
part is |ntent|onall roved conpared to
conpieriait 8 ek 4 Son"&ﬁ e 7d%{i‘rﬁﬁe‘-”%ﬁp‘%‘h'% tjcb HP PANEe*
of the conposite contact |ens haV|n the central part
SUIRfS FUTHF AL tiHhe RRd SRk dah =afd © peri pher al
part consisting of a hydrous soft _material is

si gMiidtdaft ofF @&uEQ&taEGOBS}nF nP5drei SR VEnfQriping the

of the conp05|te contact lens havin g the central z%imm

COTEEAS PEEtnG 301 FRE FRIYFHENELREF AND'S ChetPEripHe
part consisting of the hydrous soft naterlal the
Ex nt on the eyeball during wearing the cont act

lens is structurally difficult. However, as shown in
(0484 e 3, by prOV|d|ng the concentric convex part 7

R e Y ?”54«9%@&%”¥§ﬁ9§§%rftsn%onvex

parqc C’:llsnghwga“ N ea%gtefm?) evvga{é § r eeA o%a@he 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
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conpati ble. (0089) Next, as to the aforenentioned
central hard material 38 (referred to as "center
material"” hereafter), peripheral soft materia
(referred to as "peripheral material" hereafter), a
cross-1linking agent between the centeral material and
the peripheral material, the initiator of the
centeral material and the peripheral material, and a
sucHhoeanuroé¢ oficthbentetital npawekial0 ahdiie he peri phera
material, an exanple that can be adopted wll be,
desciidied. W (@D I0)e <CarhasttalpofdtepifaltheTharve forming the
silicon-containing alkyl (nmetha) acrylate of the hard
comaegrpant iandushd ¢RveRpIBAany CHEVEX9HeddraReani 1 9 Qymm
of the centeral material, and exanpl es thereof include
(0087 Lnet hyl si | oxydi net h! nyl si
".1..propyl (netha)acryl ato , ) o
bi s (Netershay tsiileok Bhomsniire inglinasFPpmitHe PAMA ap+nt
, tris(trrinmethy_.siloxy)silyiprcpyi (nmetha)acrylate,
supfefdi sthe breaking load of the joint part, breaking part,
(trimethyl sitoxy)nethy.|siloxanyl]trineth Is.ijex&;i!
and mwi@gepﬁ‘a}g@@papejoint part (%$). As shown in the item
bi s(trinethylsiloxy)neth Isiloxanylnoncpentanethgldl.;
of diheybreaking strength, the breaking strength of the joint
anyl nonot ri net hyl si | oxanyl propyl (et ha) acryl ate, _bis
paz(‘péqtmhg,m@iceéﬁ:rpéw p_%)rt%%é the pgripl')x/eral soft part

. (trinephylsKony)neth l.sil.o )
is iatEAFioPPYLEGIAOYSfEARPAERS TR Ehe somparadiygexample.,
amount is preferably in a range of 30 to $(c)w %

andHihe A3npee Afsdhef JohRt DA gt GEPRSAtR GPTIasE, 1eps
desired oxygen perneability can not be obtained, and
haying Heha & PaTE GOPSAGtaar o, therhaedsmatgrial and
insufficient, and the centeral material is Iikelg to. .
they@magiipheral 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
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fragile. It is particularly preferably set at 35 to
50m % (0091) 39 Also, simlarly, fluorine-contained
al kyl (metha) acrylate is used for inproving the
oxygen perneability of the centeral material and for
appl yi ng hardness, and exanples. thereof include
2,2,2-trifluoroethyl nethacryl ate,
2,2,2-trifluoroethyl acrylate, 2,2,3,3-
tetrafl uoropropyl nethacryl ate, . 1 soft
(reXex1®Btpeas AlCeRGCapRBEGF1aer iafieatter» gegigheral so
pent af | uor opr opyl net hacryl at e, I
matBId gmfmgf tgoﬁ%ﬁ?wgﬁﬁﬁ]af‘@,terlal hereafter}, a
2,2,2-trifluoro-I|-trifluoraqgnethylethyl netacrylate,
crope Dinking agent batreaany dishetanisdhy MadRf e a0d the
2,2,3,3-tetrafluorofluorotertiarya ijmet hagr]\_(l ft & terial
per2 pheg; a3 madianifglyo ftdee APAEAPENA 85% gt genteral m
2,2,3,4,4,4-hexaf | uor obut yl nmet hacrxl at e teral
an® thes peri pheradafatsrdtdrt Py Re SOI-REERLCPEI Hog, con
2,2,3,4,4,4-hexafl uoroterti ar%/]heiyl acryl at gt that can be
mateial aind 4hs BesiPRPFRUIFRPERT ST neith Pit% -1
2,2,3,3,4,4,5 5-octal fl uoropentyl acryl ate, etc. Its
adqpfeed afgkintbe SeiEtidtethiy in a range of 30 to 60w %
If the use anount is under 30wt % desired oxygen
(oY redbini i analamptardadiress can not be obtai ned, and

regardi ng the oxygen  perneahility, th

si | iThen-scidriscammca tatniing 935% (ﬁhertiﬂaﬁt gerydate of the

dom nant, Therefore, when the use anmount is beyond ..,
habvtaperifl décresse ToF AMPZAIA PP PaPTEIGE PRE b

silicon-containing , al kyl (netha acr%i,lr at e, t.he Qxygen

of petereeaR 1943 i1 it Bas AN PAITRLG A 1
triprrrlee ghe;lasbil ]E/O}fye&inllentl'laylrsainl el;?]!‘oé?l { Ir?e tﬁ‘?g\f a%:)rylate .
bis(trimethylsiloxy)methylsilylpropyl (metha)acrylate,
tris(trimethylsiloxy)silylpropyl(metha)acrylate,
bis[bis(trimethylsiloxy )methylsiloxanyl]trimethylsiloxys ily
lpropyl(metha)acrylate,

bis(trimethylsiloxy) methylsiloxanylmonopentamethyldi-silox
anylmonotrimethylsiloxanylpropyl(metha yacrylate,
bis(pentamethyldi-siloxanyl)bis(trimethylsyloxy ymethylsilo
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%.

(oo9l)

39



(0092) 40 2-hydroxyethyl nethacrylate has hydrophilic
properties, thus giving the hydrophilic properties
(wetting properties) to the polyner of
silicon--containing al kyl (nmetha)acryl ate and
fluorine-contained al kyl (netha) acrylate having
hydr ophobi ¢ properties, and inproving ai=f.inity and
adhesi veness with the peripheral material. Its use
amuRl slos Rrigfiaaatly, iFluariaBdeonhirefoal B Y(méthal
is under 2w % desired wetting properties,

acddNesia/enessed Ayt alibirbiviygCeme Rolydem pbimeapdlidpdf the
dépending on a degree of swelling by hydration of the

c YQUS nRidakar alna MireEppliyinlenhiraaksge anduesamples
the joint part due to a difference of the degree of

theweldd nGdieideeen 1 e teaFl@roetier nakhapdyt hee,
peri pheral nmaterial, and the peripheral part becones

2 ioN sanrapneRrReeyaf azrwalalte,t RYS,BBRI-NgettaEimosspbbpyl
to forma lens shape. If it becones beyond 15wt % a

meWRla@ry 1201 [2t,i2Q13 ,i3s tenehgasedopeobglsaokizatand
softened, thereby reducing the oxygen perneability of

2 ,bhe ,cent-gentaifduiodloprony lmeekapgytxtel | ent optica
properties which can be obtained by its hardness.

2, Bher, ef, ar-@enitafilsopapiropyilackylptef erably set in a
range of 5 to | Oamt % (0093) <Peripheral material > The

2 by draus FAdoydraxyetifihoretmbabyybaheloétabeylatei pher a
material has been used for long years as a raw

2 ,makerkirdlf loeaponentridiubembydybashgbbtredatact | ens,
and shows a result of safety. It has hydrophilic

2,pr,apertieesafand rb&3 uobotbrofatrhemativabbhageybdtgwel | i ng
and softening by hydration and the advantage of

2 ,kaBdeniteg rafe upebyret iaagdmytaosetata, a

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-octalfluorcopentylmethacrylate,
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)
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41 range of 20 to 60wt % If the use amount is under
20wt % the advantage of swelling and softening by
hydrati on can not be sufficiently obtained, and if it
is beyond 60m % water content after hydration is
increased, thus making it difficult to accurately
refl ect a machining shape on the lens after
hydrati on. For the reason thus described, the use
anmount is particularly preferably set in a range of
30 2-gwvSTmxge thydosg rhacrel psgywshpydgeppidie pyererties,
flexibility to the lens after hydration and has an
thug\wiitiage téfe hydrophilllic properties (wabttupmesrengies)
an adhesion of stain conponents in the tear |iquid,
to he nalyrasyof sid icpige ot 2@ ing 80T bo( methpacgydate and
amount is under 20Mm % a sufficient flexibility after
£luprfing i o taimedhotlkyd ot Bhiak@caHatebpadanadrgr epeebic
wearing feel when the contact lens is used, and if
pPragectiiss ampdnimpsoépgnaif Gk by anthadpepjvepepecyhes the
excessively soft, thus making it difficult to be cut.
perdghausd pedesialhusl Bedtag pagunthas prefeiiny iig a range
particularly preferably set in a range of 30 to 50m %
of 20@9EywE uorﬁﬁété@vaﬁ%@%%ﬂe%m HPtadpgIRRPHEELes
an advantage of suppressing the water content after .
adh@edrvgniedd aasd afRinlhy caanposdig obt@lesd. oand depending
adhesi on resistance to a |lipid, inprovenent of the
on gxdRAErEHOIBEBLLIRG Wyf hyAgagépnphkrtdie hrdFers ferigheral
hydrophilic properties with the centeral naterial,
matgid alhe tih &IOPERESs O AN SeXanpibes Joidte BRTIENENGEC @
2,2,2-trifluoroethyl nethacryl ate,
diﬁgnggngqﬁ J@@b@pﬁwee4gf 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 10wt%.
(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
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acrylate, 2,2,3,3- tetrafluoropropyl nethacryl ate,
2,2,3,3-tetrafl uoz: opropyl acrylate,.
2,2,3,3,3-perttafl uoropropyl . nethacryl .ate, 2,2,3,3,3
pent af | uor opropyl acrylate, 2,2,2 - trifl.uoro- | -
tritluoronethyl ethhyl netacryl.ate , 2,2 ,2 trifluo
o-i-tr:if.l.uoronethylethylacrylate, 2,2,3,3-
tetrafl uorofl uorotertiaryanyl met hacryl at e,

rafgé 3£326 et A dwios Ot aret ikdeyank! assiyhatts udiex 20wks, the
47 4 -liexafl u:uorobutyl net hacryl ate,

ad9adtigh Brishexalhyospt esstesyhex Wyaihmeayd@at ean 20t be
2, 3,4, 4, 4-hexafluorotertiaryhexylacrylate, 2 , 2,

supfic3entdy obtaited, Bnd-if it is beyond 60wt%, water content
octal fl uoropeutyl nrrethacryl ate

afée? ydrdidod, Ssoehakbhyenopentyl aekyhgt &+ aL€ficudt to
use anmount is preferably in a range of 5 to 30wm% If

ackhirh$eipdeer18vwt% mhenwatify shapepbhonheslersesstorly
i ncreased, and desired hydrophobic properties with

hyliPatE6at erpbr e medlscandhuadiiestytheds thae wed dreunt is
obtained. If it becones beyond 30M % the water

patentanhrait pielgdabliyopeg@ndnsaerbhhog bf decteasedts.

thus deteriorating flexibility. In addition, in. this
(06849¢, water repellency becones high, and the surface

of the lens is easily dried, thus becom ng easy to

di m 2 ThethsRy atnybt adsylqees tdiowd aarf hespiteflartablbp ithealens

range of 10 to 20mMmt (0096) <Cross-Iinking agent )
afberwepirdthiorcantdias aned@varetagnof hhdrqehibhepagoperties

material.> In the conposite contact |lens material, of
anihguppesessingi aveadihenion ef ossain ridmppnenicnem ¢hehtear

as ethylene glycol 43 dinethacrylate, diethylene
1ighyaolameibanyed ahes ranpetdfykenm 60wts. 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
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gl ycol dinmethacrylate, allyl nmethacrylate, diallyl
net hacryl ate, diallyl maleate, diallyl isophthalate,
and triallyl isocyanurate can be used if desired, in
addition to the above-described three conponents of
the central and peripheral materials, to give
nmechani cal strength and durability. Note that the
content of the cross-linking nononer relates to
physi cal properties of each material, and when the

ac vt D2 stuch of LFoEUATAATRP o MG Iétcessi vel y
i ncreased, the nechanical strength of the centra

2, Jret e g tyaf LugoRTP Rt AG1HRYE t he water content of
the%feripheral material_ is apt to decrease, and the

2, %1%3 b 1nanft 3Ll U PRy Ined hfedveddd® - I n addition, as
the conposite lens fornmed of the central and

2, 6t i pheRan bR IS RARE A AAdiS,, the content of the
cross-linking nmononer is preferably set at 15wto or

2, ] st THEL QRO et Lupmosg thy IRRATY4EEs in the
£eri pheral material, out of a total ampunt of a

2, Zodpdintei asigosi i oo rame s e astyd- ade -a
def ormation or the breakage of the lens due to the

2. %% frierid@ i aned pade Lo asw@ny g thasd Yi@dophi | i ¢
iwoperties, and t he adhesi veness.. (0097) <Initiator of

2. e ettt e ied tiaty awd agEw «al material >
When manuf acturing the central and periphera

2. 2pek-drital ks pexahlaorabyiiined e ayil@temi ti ator i s added
to the m xed solution containing the afqrenentioned

2.+ 2o A - REEAT LU RHST L ISFFRESYEMa N AT 246 -t o obt ai n
a _honmogeneous nononer nixed 44 solution, and the

2'Zpgl'%rér'i%gﬁxﬁ#]i@w&ﬁﬁgghﬁmiaﬂ?éﬂ@@ﬁt'r al materi al

to the peripheral. material, Qr in its _reversed order.
2,2,3,3.,4,4,5,5-octalfluoropentylmethacrylate,

2,2,3,3,4,4,5,5-0octalfluoropentylacrylate, 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
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The polynerization initiator used at this tine
i ncludes, for exanple, peroxide such as |auroyl
per oxi de, cunmene hydroperoxi de, benzoyl peroxide,
2,2 -azobis(2,4-dinethylvaleronitrile), and 2,2'-
azobi si sobutylonitrile when thermal polynerization is
enpl oyed, and a optical initiator such as benzoin
nmet hyl ether, |-hydroxycycl ohexyl phenyl ketone, 2,2
dimdicrathoiyte, abenyyaertophemwneethacrylate, triethylene
2- hydr oxy- 1- phenyl propane-1-on, 2,4,6
glytbil. AeinByhbepgtaidi paenyl phespacrploke dediallyl
phenyl bi s(2, 4, 5-tri met hyl benzoyl ) - phosphi ne oxi de are
metBadryihes, adiphoyd- pellgaee| zatabhy het soph {isa barpt oy
(0098) cCol oring agents of the central material and the
trpaliphei ebcyateratd .cdm ey deedt df | dedrad, ulnt pddiighien to
ray absorption ability to each of the obtained
theeabbak-aadcpebeghehakenabeponéstandt ot orentierd and
pol yneri zabl e ul travi ol et absorbent and a
pepobysrailzabterpaysentohgivagnesceticat stxpigih and
resi stance and toughness can be used, and can be
dusebéttieg. amib s echd ortleacton teatte dfaltheSpaeisisi-ddinkyings -
chl oro-2-[ 2- hydr oxy-5 -
mohbmaet hata é oo phatshiyladapbapeytbgs of each material, and
yet hyl )] phenyl - 2H benzotri azol e, 2-(2' hydroxy-3'-tri-
whonttte Sonten by pheimy §résg 2L tinenohopeoxyeehgeFpively
otria zol are given as exanples of the polynerizable
inotreaaeiolgie megh4bigbdos beemgth CF0ODE Spulid) agiteylal is
1, 4-bi s(4- vinyl benzil am no)
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
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ant hr aqui none,

1- p- hydr oxybenzyl am no- 4- pvi nyl benzyl am no

ant hraqui none, 1-anilino-4-nethacryl oyl ant hraqui none,

etc, are given as exanples of the polynerizable

pi gment. (0100) In addition, when the hydrous

peri pheral part of the present invention is col ored,

there is no problemin using a chemnical dyeing method

i n which without using the aforenentioned pi nts,
solnel ey dradstipe modi@reali grddon &S d?%?ﬁé’dfmelqw%oagfé’r?eﬁ%ﬁf-”al

dyei ng bath by using a dye such as a Vat Blue 6 to
makeF g Eitonthy Rﬂrpu&lq%wa%ayaéf g ks n?vaaf%\ﬁe%ﬁﬁr

body of the lens, and thereafter the |euco bod

Theli BSYSERATHZR 1 GRIFATRE BEEH, 2F sthutgaw ine uges, for

OX|d|zed body, an is fixed. |n addition, as other
eXHBRP B i r%e%fie fHHICR hes chtFAr L RRIFPHES 'pecf‘imﬂﬁféei' al
material s pht hal ocyani ne- based pi gnent such as an

hY‘?ﬂF%E’%IFP’B‘r% %@Z%ﬁlﬁﬂ’ﬂ%’ﬁl@een 2GX, and a Pi gment
Blue 6 can be_used. Although use anounts of the

2, i oRemrehe ?orrﬂe@ﬂlwrl}/xﬁ%vqﬂz%am%lﬁm%% At 7
absorbent and t ol yneri zabl e ment de end on a

a2 G TGN S Wl 145 e P OBk = 4 SO it or
| ess or preferably 3wg or less of the ¢

RIS ART AW LPRE Mt AR Soeh A HEn 0L DmerhyL ether.

mechani cal_ strength of_ the obtained contact lens is
1-hoghrerryrsc lohasar) damyt k6%PRfhen toxicity of the
ul traviol et absorbent and the pigment is taken
2. 31 Xﬂ%}ﬁh%ﬂquqﬁEPHR?QRﬂﬂact lens is likely to
be not suitable as a contact lens that directly cones
2- T}YFW'&CTP%W%PHH%%&%W (3].01) By conbining

t hese col or' % agent .and ul.traviolet r,
2,4,6- trimethylben diphenylphosp 1ne 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- ($-methacryloyloxyethylcarbamoylox
yethyl)]phenyl-2H-benzotriazole, 2-(2'hydroxy-3'-~tri-
butyl-5'-methylphenyl)-5~(2 'methacryloyloxyethyl)benzotria

zol are given as examples of the polymerizable ultraviolet ray
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absorbent with the peripheral material and the centra

material, visibility in handling the contact lens is

i mproved, color of pupil is changed as a fashion, an

antiglare effect is exhibited, and an ultraviolet ray

preventive effect for cutting harnful ultraviolet ray

to human eyes can also be exhibited. (0102) Next, the

followi ng typical materials are used as the centra
abfBtsLhal, the peripheral nmaterial, and the

cross-linking material, and explanation is given to a
(03g§ylt of conparing a difference of a performance.

en conposition ratios (weight ratios) of themare

C hangﬁgciéﬂégﬁyf\sﬂ hepcent F alinplesnal larhireo)
peri pheral material, and the cross-linking material,

ant¥Ph§ain8xaNPhes -ayaruoggtdefidghansne- 4 SHdnylbensylanino
(tri.3-aethyl.ss.loxy) -y-nmethacryl oxypropylsilan

an%ggiﬁoﬁet, ripf kHen eabhylmeehhaeyybal entdFABuinone, etc,
2- hydroxyethy. 1 nethacrylate 2-MA: 2-

ar8ehhosuenbybaanplakeo€r 668 bonknagiagehe : peghghene
gl ycol dinethacrylate. (0104) The contact |ens

(om@pyf actured by changing a conposition 47 ratio is
eval uated by the followng itens, * Processability *

adhegf, veaessibh exiheh i tye ahiy@rossep ¢t imhdsahyrhset iah the

* | ens shape after swelling by hydration,
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 8GX, 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
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and good results are shown in table 4 as exanples 8 to
12, and bad results are shown in table 5 as
conparative exanples 5 to 14. (0105) (Table 4)
COVPARATI VE EXAMPLE OF RELATI ON BETWEEN CENTRAL
MATERI AL AND PERI PHERAL MATERI AL EXAMPLES EXAMPLES
EXAMPLE | S EXAMPLE B EXAWMPLE 12 Silt. 40 39 40 40 43

CENTRAL PMA5047 A7 45 42 I\/ATERIALM 568,.. 105
CROSS 1ANXt 4l r,.1:iENT 5 5 10 HEMA 47 48 47 47 A7
corgiagy Piens |Jeﬁ_1114<e£43f to PE mtlauiwéw AP 94991423k KRS

38 38 38 AGE | 13. F[VF: Fiit: 11, PROGESSA

that |Jimecyly comes, in d’°‘t"ﬂa§fFL"E>¥|fU|au Ay TQY Bedy
EWa' S:iaNf: /1 O0 0 DY JPtIJPATIOd A+ L.P.1S
(OI4)APRAKIRA S Y IA TP Gr "N ("1 (" 4' \ By
|1 YIDRATLULE Y] || 4' 'V REMARKS Each i f the
cenﬁﬂhFQHQ}ﬁiﬁq ﬁﬁgﬁglcﬁﬁPEFpglggFg h@t a%§ ﬁ§%§°le ray
Sti~'
abqurttl Widgt HSs i RASABIRTRY ﬁ%ﬁ%ﬁ%&‘y FRShydsu e toe

Gy SR BNt JPARL 3 AR R derpporoved.

nmef hact yl at.e
color of ﬁ%pll 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-1linking 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-trifluorocethyl methacrylate

HEMA: 2-hydroxyethyl methacrylate

2-MTA:2- methoxyethylacrylate

Cross linking agent: ethylene glycol dimethacrylate.
(0104)

The contact lens manufactured by changing a composition
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CROSS LI NKI NG ACGENT: et hyl ene gl ycol dinethacryl at.
(Table 5) 48 VA MCMI C C XC .Sr wO CD > CD
. Y~-S.R ~ +113 k@ ey awl C.f.J ~x' fF/~ C4 00
C© (Dx (D Ec,%(DC (DX ell ary~-aS Fs C (D (D
as Cdz - - --------- - "~ 2Z5 "ridi '~"'i'ce'", t+.
Lyd- NS. Brief description of the draw ngs (0106)
FIG1 is a front view and a sectional view of a
rathophsi éealuahédcbyl ths Hdlhowingt ieabodi ment of the
present invention. 49 FIG 2 is an expanded view of a
Il parprofessdpillit¥FlI G 3 is a front view and a
sectional view show ng the
* 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

EXAMPLE 8 EXAMPLE 9 EXAMPLE 10 EXAMPLE 11 EXAMPLE 12

SiMA 40 39 40 40 43
cenTrAL |FMA 50 47 47 45 42
MATERIAL |HEMA 5 6 8 10 5

SGenT e 5 8 5 5 10

HEMA 47 48 47 47 47
pERIPHERAL| FMA 14 16 14 14 14
MATERIAL 1o0-MTA 38 36 38 38 38

(A.‘gg:.srl,lNKl NG 1 1 1 1 1
PROCRSSABILITY O O O O O
ADHESEVENESS O O O O O
;gli}\l]l:)ﬁ';{ (;\N”ER SWELLING O O O O O
DY YDRATION e O O O O O
REMARKS

Each material of the central and peripheral materials is fypically used:
SiMA : tris(trimethylsiloxy)-y-methacryloxypropylsilan
FMA : 22,2-wifluoroethyl methacrylate

HEMA : 2-hydroxyethyl methacrylate

2-MTA : 2-methoxyethyl methacrylate
CROSS LINKING AGENT : ethylenc glycol dimethacrylat,

(Table 5)
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conposite contact lens of a second enbodi nent of the
present invention. FIG 4 is an expanded view of a IV
part of FIG 3. FIG5 is an explanatory view of the
first enbodi ment of a manufacturing nethod of a |ens
material of the present invention. FIGG6 is an
explanatory view of a first exanple of a nethod of
formng a taper hole in the manufacturing nmethod of

the lens naterial of the first enbodinent. FIG 7 is an
expl anagpry vi exa i s]an
expl anafg ==l s<qn
expl ana g Thodi
manuf ac o] 1S e
present |Ei an iﬁ?w of
other_-.eig b S ¢ AT .
FIGiﬁE i & ti angl e
(t apeE ir f 4 yl e {0
forrr% h e cave
sur f age a paift 1
is sef Tlre ch
conca¥e N Lew
showi Hg Fﬁ4 &?re
centr%l 3_0
curvagu e 9 sefl at
8 mMmz= &3 efdtidn
when ¥h al s det
at 8. g hdi hcaye-
surf gge|Balig bes @ [ o | o2 <
= EE
= |E
= oo
= EEI S Bl B Bl x|OjOIx|O
REE
2 |8=
< B2
= &~
% §§ FIBlwje] B = B () {@] [@ ) B-d
= |2
R [
= lE.
& 22| 2|8 =|=|2|] —~|ololx|O
= |52
B ISs
S 25| s|a|=]|=|8]! i lololo]x
.< —
%% 8§ - — -
© 2 : 2 |&
=| - BMEI -
= =1EEIEE =|Eg] = 2 |&
»—*lg 5._*& E % 55:%5
== == A EREEEE
= £ SE AEREEE
== =E SAEREEEEE

Brief

(0106)

description of the drawings

FIG.1l is a front view and a sectional view of a composite

contact lens of a first embodiment of the present invention.
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FIG 14 is an explanatory view of a breakage test.
Description of Signs and Nunerals (0107) 1. Centra
hard part 2 Peripheral soft part 3 Joint part 3A
Joint surface 7 Convex part 10, 10B Conposite contact
| ens BC Base curve FC Front curve 30 Pol ynerization
container 31 Hard material 31A Raw material nononer
m xed solution of hard material 32 Soft material 32A
Raw riiGeRi 4k annempandefdediewl of i @nl bf pavt t ofrel B¢ i Wl
40 Taper hole 40a Hole wall surface 41 Male nold 42
TapeFIfL 3] esta dir@ita vagveangeai phetbdnalirfigaye shewing the
Taper projection 51 49 Pilot hole 52 Clains A
compnpdsiet eopvattcterens ehaecngdaenepdineénpof the present
consisting of a bard material and a peripheral part
ingensishi.ng

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.

FFIG.10 is an explanatory view of other example according
to the second embodiment.

FIG.1l1l is a view showing a relation between an angle
(taper angle) o of a conical surface and an angle 6 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.
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of a soft material with hydrous property, wherein a
joint surface between a central hard part and a
peri pheral soft part is forned of a single conica
surface inclined so that a dianeter of the central
hard part in alets convex surface is larger than a
di anmeter of the central hard part in the |ens concave
surface, an inclination angle the conicat surface is
set so that an angle forned by the joint surface and
t he FEhsl & okt gy &7 1 e rFhvelng privsk i St Be 1gt Loy vhefe the
convex surface side of said |ens, an annular convex

digaeter of dimeentiriadn hgrd) Bars tokwetel it 18 -Oe8Pegpdt bhe
a convex surface curve of an optical part, in an

cunypeararadiwt of €5rdeRPRLAVEhaPELAFe Bt dspaat 6§ &R mm-
optical axis of a lens, and said annular convex part
i s dkposed it §RRNHREY Betivedn & hnpad@as diest-
hard. part and. the peripheral soft part, 2. The
conposite contact |ens according to claim1, wherein a
hei ght of said annul ar convex part is set to. be O, _.

Deg@r bpt @) ofi T spReEtNIRLERES convex surface curve of
said optical part, and a width of a contact point of

(0OE0TUrve fornming a contour of a sectional. face of
sai d convex part and the convex surface curve of the

1 | enLaypirado D R enn or nore. 3. The conposite
contact |l ens according to either of claim_ or 2,

2 wherSHBIRE HarsPhhatR&#Stal is conposed of a copol yner,
wth 30 to 60w % of silicon-containing alkyl. 5 3

3 (rmetidrtaddftate, 2 to | w % of 2-hydroxyet hyl -
mechacryla . .e,, and 30 to Svwt % of

3A | ool it SWFRCE ned al kyl , Cenha) a:dry.|ate:

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

3ila Outer peripheral surface

31b Taper projection
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as essential nononmer c. np:?nents and with oxygen.
permeabi.l:ity. 4. The conposite contact |ens
according any one of «clainms to 3, wherein the soft
mat eri al having the hydrous property conposed of the
copolynmer, with 20 to 60w % of 2-hydroxyet hyl
nmet hacryl ate, 20 to 60wt % of 2--neth. oxyet hyl .
acrylate, and 5 to 30m _% of fluorine-contained al kyl
49 (M) loacHylat e as essential. nmonomer conponents. 5.
A nmet hod of manufacturing a |lens material for a
conposite contact |lens, having a central part
consisting of a hard material and a peripheral part
consisting a soft material with hydrous property,

wherein a ,oint surface between a :ertra.i. hard part
any a peripheral soft part forned of a single conica
surface inclined so that .. _ diameter of the centra

hard part in a lens convex surface |larger than a

di ameter of the central hard, part in the |lens
concave surface, and an -inclination angle of the
coni cal surface set so that an angle fornmed by the
joint surface and the | ens concave surface is
approxi mately 90, on the convex surface side of said
| ens, an annular convex part is fornmed, which
projects forward wi.t.h respect a convex surface curve
of an opt i-ca . part, in an appearance of a
concentric shape with respect to an optical axis of a
| ens, and said annular convex part is disposed on a
joint part between said central hard part and

peri pheral .oft. :;art, said nethod conprising: 54
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cal af Jirsstep of formng a taper hole, w. Cf,
sairl surface set as a hole wall surface, a materi al
for formng the peripheral soft part; and a secona
step o injecting and polynerizing into . said tape _
no-. raw ,.mats a nononer m xed. solution a nmateri al
Cldiges formi ng the central hard part, wherein be

sequentially passing through the first step and the
Second Step, a lens material for the rt .a ontact

| ens havidgddia Lentdiala fand far t Lo o idig, of, Bt

har material and the peripheral a consistin
cortdiestsiofd ofrfatk%rrlo&}natérﬂamlbfr&llbupi@ﬂlplﬁergh@)arfﬁi h@ds@étlng
manufacturing the lens material, according to claim
of G Sehier glar 4 her ] i"stth hy/grous raneraeier i al rronorrer
m xed solutlon of .t for formn

s Beath g0 St B8 FREEN 8 LOF & SETLA9 N & carie and

a ﬁérﬂﬂﬂé@ﬂ%“s%@%‘QBrQODEafﬁﬁﬁedaiﬁki%@h@lk@@%ﬁl@@@esunface
formed on ;';le soft mat K after polyrrerlzatlon

indlyireed st thgt pr odess;t . oThehartdod-a0f hamnupact urr aglens

the lens material according to claim®6, wherein in
COTSHH FASC S tep  aFHE 1 AAT matErd i t Hortnmér sniregral hard

paﬁf"ﬂ{ ion of . the ymterdal %@J%%{ rming the peripheral
n e

soft: part is injected 1 pol ynmer! zati an

cont annehclandtaomahegmel 6f havd ngbrei CL suMfaded issakd so

ortr 1 surface as an outer peripheral surface, is
thagy pangedleifp e d boak ee matiert slur fassnendrtie éenseCDncave

so! ut_?n, and in this state, .?2vp..,mr i. in.g
Su%%%ﬁnﬁéﬂpaqoﬁfé‘%ﬂﬁ@fy M%ed a.nd renoving said . male

ol d atthe c% ge%h%%%%%n51deh%f5%23d 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,
and

salid annular convex part is disposed on a joint part

between said central hard part and the peripheral soft part.

2. The composite contact lens according to claim 1,
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 1s set to be 0.04 mm or more.

3. The composite contact lens according to either of
claim 1 or 2, wherein the hard material is composed of a

copolymer, with 30 to 60wt% of silicon-containing alkyl
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mat eri al having said taper hole is obtained. S. The
method of ' manufacturing the lens material. 5 r.
according to claim 7, wherein in the first step, the
raw material nonomer m xed solution of the materi al
for formng said soft part is injected into the
(mepdlynercrodnitad ,ner toahfiviad arlle hyolrd <lyavingg acthacrylate,
rojection for formng a pilot hole is_ arranged in
anfge% CraGlht e? T al L HondHetrC I Seeln &b 1adthvan, (MghE 2 nace ki gte
. rizi sai.d r erial _nonome ;...
as S3ehe i BEhSTEE UG RR el T R R R Thfrbi ity
hole is formed by renoving said nale nold after
pol ymeri zation, and subsequently by using this pil ot
hol &,. daied acappers iHel edndamed Llears tleogofingmaberinal oby of
a cutting process.. 9. The t hod of, uf acturing the
14k ]rmFtOeﬁD'alw. er&&échﬁﬁenﬁogg E‘iaFﬁérlag?gélvéP% 7hgr ngdrous
Co o y i 1 .

. i%nne& pa%:é%?@ﬁg@#gtrh%e%?ﬁ%%%ﬁ’ OVE)%%? %@p%%rtébo ¢ of
2-Isad b spod yigeY oo ad neratd,0.2 Theo nediodl ©f 2-methoxyethyl
manuf acturing the lens material according to any one
acy @ty 5 S9towher et Pk He Uainere farse sofmeshiad kygol(jaeha)

. colnttaei ner eis ecr9tnls§i'tnlljtrtlad as a, nol ditn face having
|gah duhesi Veness ca%a% e of ”ﬁ??f?ﬁr\} dhering to said
soft material after polynerization, and at _.east the
surface of said projection of said male nold is
const.i trutredragl tdfe mlwiang fraicey dhahdmyg adwerial for a
adhesi veness capabl e of being hardly adhered to said

COTRFF it St 't Car kRIS OIS Zateon ot PEA nEPRSESHf g Of
o [ENIRELIID0 A d PSP, 1 COMRSILe RO 2C o
mateatierl atitanchpdpersd phes@dripart consisting of a soft

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 central hard part in a lens
convex surface is larger than a diameter of the central 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 1is approximately 90°,

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,
and

said annular convex part is disposed on a joint part
between said central hard part and peripheral soft part,

said method comprising:
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material wi th hydrous property, wherein . a joint
surface between a central ,:~a .: C. part and a

peri pheral soft part is forned of a single conical
surface 56 inclined so that a dianeter of the central
hard part in a lens convex surface 1.:. larger _ than
a di anetest oftdhefceéntmahghardpepandléen wieh Isedst conical

concave surface, an inclination angle of the conical
suiggaseti gsse'holayalihairaacangl e ¥ semed )y £RE forntng
surf and the .l ens .concaye. surface is
thea[?perrglfpﬁqrrea agl yscbftf poanrii'hear%:%nvex surface side of said

| ens, sakcapnehkab o¢onexecpanhqgl snhopBBYmeWRi-€AgPE 8L 68CESid

forward with. : respect a convex surface curve of an
tamgpt hodk paraw, mpheanaappeareeceixefd aotohtenteri @ shapeial

" .thh respect to a. optical axis of a, and said
forarﬁﬂﬁ“&ﬁlgcdﬁ\fef%ﬁa]i HiSprEed on a joint part

bet id c ivphe 0

et R R G P o R pe Fapartter
andrapesttond s W, hasbaiitk eenictdlaisgblace: asnidie iout edbntact

peripheral surface, is prepared the i. hard part
Lenghérasby S ailte e el et € ot teredl s @iy i ff ache hard

circunference of the taper rojection,. the ra
ma G AT mBROREF LRI REa SO GEi B o THA Hates o4t SPgr Soft
matidie sofis parduraherehy said soft part is constituted,
_s polynerized to be integral with said hard

material, and thus the lens material tor t.. con:s.ct
| ens having central. part: consisting of she hard

mat & alhe A e PeriPRErat P dotsi st are e
acc?tﬁf&ir{‘@angréﬂiﬂl%, WQI:QEB j_:neghe first step, a raw material

monomer mixed solution of the material for forming said
peripheral 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.

7. The method of manufacturing the lens material
according to claim 6, wherein in said first step, the raw
material monomer mixed solution of the material for forming
the peripheral 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.

8. The method of manufacturing the lens material
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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.

9. The method of manufacturing the lens material
according to either of claim 7 or 8, wherein said male mold
is integrally formed with an inner face of a l1lid for sealing

an opening part of said polymer container.

10. The method of manufacturing the lens material according
to any one of claims 5 to 9, 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 malemold is constituted as the molding face
having low adhesiveness capable of being hardly adhered to said

soft material after polymerization.

11. A method of manufacturing a lens material for 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
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inclined so that a diameter of the central hard part in a lens
convex surface is larger than a diameter of the central hard
part in the lens concave surface,

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 90°,

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,
and

said annular convex part is disposed on a joint part
between said central hard part and the peripheral soft part,

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.
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