Met hod for making colored silicone hvdroael contact |enses The present

I nvention generally relates to a nethod for making col ored silicone

hydr ogel wonvaai432enses. More specifically, the present pcmeEraiosomssel at es
to a method for maki ng made-to-order or custom zed colored silicone
hydrogel contact | enses. BACKGROUND For, cosnetic purposes, contact |enses
havi ng one or nore col orants di spersed Th the lens or printed on the | ens
are in high demand. These col ored contact | enses enhance the natural beauty
of the eye, or provide unique patterns on the iris of the wearer, or

provi de Method trs medki i = h e te agesr ot at i on mar ks, inversion
mar ks, product/brand codes, |ot nunbers " DEI\/D | enses, and the i ke, which
are of benefits to wearers, eye-care practltloners and manuf acturers.
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oxygen cannot easily circumvent the 1ens. Thus, hydrogel contact |enses
nmust al | wactdiepersrandonanufacigers hr ough the lens to reach t he cornea, nanely
having a relatively high oxygen transmssibility (i.e., oxygen perneability
over the lens thickness) fromthe outer surface to the I nner surface to

al | ow su¥driogs eratheds/have been disglosed i Bal colpeed nanssilicone ydregelroatagh Ensgs have

m ni mal - 3dy8LS&ample, disclosed in U.S. Pat. Nos. 4,668,240, 4,857,072, 5,272,010, and
5,414,477 and U.S. Patent Application publication Nos. 2003/0054109 and 2004/0044099.
Commercially available colored contact lenses is prepared from non-silicone hydrogel

material, such as, for example, a hydroxyethylmethacrylate (HEMA)-based hydrogel (i.e., a
copolymer of HEMA with other comonomers and/or crosslinkers). Those non-silicone
hydrogel lenses generally do not have a high oxygen permeability. It is known that contact
lenses must allow oxygen from the surrounding air (i.e., oxygen) to reach the cornea
because the cornea does not receive oxygen from the blood supply like other tissue. If
sufficient oxygen does not reach the cornea, corneal swelling occurs. Extended periods of
oxygen deprivation cause the undesirable growth of blood vessels in the cornea. Hydrogel
contact lenses conform closely to the shape of the eye, so oxygen cannot easily circumvent
the lens. Thus, hydrogel contact lenses must allow oxygen to diffuse through the lens fo
reach the cornea, namely having a relatively high oxygen transmissibility (i.e., oxygen
permeability over the lens thickness) from the outer surface to the inner surface to allow
sufficient oxygen permeate through the lens to the cornea and to have minimal adverse

effects on corneal health.

in recent years, silicone hydrogel contact lenses, for example, Focus NIGHT & DAY™ (CIBA
VISION), become more and more popular because of corneal health benefits provided by



effects on corneal health. In recent years, silicone hydrogel contact

| enses, for exanple, Focus NIGHT & DAY(tm (CIBA VISION), becone nore and
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nold with a lens-formng fluid material conprising at | east one
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curing the colored coat to form a colored film which is in contact with the molding surface but
is not covalently attached to the molding surface; filling the mold with a lens-forming fluid
material comprising at least one silicone-containing vinylic monomer or macromer and at
least one hydrophilic vinylic monomer; letting the lens-forming material io soak the colored
film for a petiod of time sufficient so that a portion of the lens-forming material penetrates
into space between the colored film and the molding surface while detaching partially or
completely the colored film from the molding surface; curing the lens-forming material in the
mold to form a bonnet having a molded surface corresponding to one of the anterior and
posterior surfaces of the contact lens, wherein the bonnet includes the colored film
immobilized therein and/or thereon; removing the bonnet from the mold; post-curing and/or
drying the bonnet for a time sufficient long to increase the lathability at room temperature of
the bonnet; and forming the anterior or posterior surface by directly lathing of the bonnet on
the side opposite to the molded surface, thereby obtaining the colored silicone hydrogel

contact lens.

The present invention, in another aspect, provides a method of making colored silicone-
hydrogel contact lenses, the method comprising: providing a mold for cast-molding of a
bonnet, wherein the mold includes a molding surface with optical quality, wherein the



t he bonnet; and formng the anterior or posterior surface by directly

| at hi ng of the bonnet on the side opposite to the nolded surface, thereby
obt ai ni ngvoheoskszned silicone hydrogel contact |ens. TireTmPe®S009389

i nvention, in another aspect, provides a nmethod of naking col ored

si |l i conehydrogel contact |enses, the nmethod conprising: providing a nold
for cast-nolding of a bonnet, wherein the nold includes a nolding surface
with optical quality, wherein thenmol ding surface defines one of the
posterior and anterior surface of a silicone hydrogel contact I|ens;
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descri bed as part of one enbodi ment, can be used on another enbodi nent to
yield a still further enbodinment. Thus, it is intended that the present

i nventi on cover RETALEDDESCRIATION @ EMBODIMENIS OfsTHD MENTHCOMI n t he
scope of Rctetg(raence now will be made in detail fo the embodiments of the invention. It will be apparent
to those skilled in the art that various modifications and variations can be made in the
present invention without departing from the scope or spirit of the invention. For instance,
features illustrated or described as part of one embodiment, can be used on another
embodiment to yield a still further embodiment. Thus, it is intended that the present
invention cover such modifications and variations as common within the scope of the
appended claims and their equivalents. Other objects, features and aspects of the present
invention are disclosed in or are obvious from the following detailed description. ltis to be
understood by one of ordinary skill in the art that the present discussion is a description of
exemplary embodiments only, and is not intended as limiting the broader aspects of the

present invention.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Generally, the nomenclature used herein and the laboratory procedures are well
known and commonly employed in the art. Conventional methods are used for these
procedures, such as those provided in the art and various general references. Where a term



appended cl ains and their equivalents. O her objects, features and aspects
of the present invention are disclosed in or are obvious fromthe follow ng
det ai | ed woe=esa/(ais2on. It is to be understood by one of ecwiErasog/08dsBd | i n
the art that the present discussion is a description of exenplary

enbodi nents only, and is not intended ag limting the broader aspects of
the present invention. Unless defined otherwi se, all technical and
scientific terns used herein have the sanme neani ng as conmonly under st ood
by one of ordinary skill in the art to which this invention bel ongs.
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refers t%ostt%{'omssﬂr Cae%e%ggdp%h%dsﬁns that faces away from the eye during wear.
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The “rear or posterior surface” of a contact lens, as used herein, refers to the surface of the

lens that faces towards the eye during wear. The rear surface, which is typically
substantially concave, may also be referred to as the base curve of the lens.

A “colored contact lens” refers to a contact lens (hard or soft) having a color image printed

thereon.

A “color image” is intended to describe a cosmetic pattern (e.g., iris-like patterns, Wiid Eye™
patterns, made-to-order (MTO) patterns, and the like), an inversion mark that allows a user
to handle and insert easily a contact lens, and/or contact lenses stock keeping units (SKUs)
either in print forms of numbers or as bar codes. A color image can be a single color image
or a multi-color image. A color image is preferably a digital image, but it can also be an

analog image.
A “colored coat” refers to a coating on an object and having a color image printed therein.

A “colorant” means either a dye or a pigment or a mixture thereof that is used to print a color

image on an article.



A "color image" is intended to describe a cosnetic pattern (e.g., iris-like
patterns, WIld Eye(tm patterns, nmade-to-order (MIO patterns, and the
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prolongea e after the incident radiation stops. A "pignent"” nmeans a
powdered substance that is suspended in a liquid in which it is insoluble.

Pi gment S‘gﬁo%h%?s%elnge”' i RAihest8h& o Ul bQ ’52 M abéo'ﬁot%‘ﬁrb? k&iaticd’ £ ofBr € opaque

t han dye a conventlon on- pear| escent I_1p| gnent" as used
her ei n igavetengitdiotiowed b\edejay@beratsy!oat@t@rdﬁtqr@ﬁ wivgleagiths heseharagrat col or

based on nhlhg 8? %ﬁtﬁ%%s chr atn&bﬁhg\ﬁ@flmg ditbH i lﬁtﬁﬁ%ﬁt?édl%naé%bé ts CO' or is
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heat A “pigment” means a powdered substance that is suspended in a liquid in which it is
insoluble. Pigments are used to impart color. Pigments, in general, are more opaque than

dyes.

The term “a conventional or non-pearlescent pigment” as used herein is intended to describe
any absorption pigments that impart color based on the optical principle of diffuse scattering
and its color is independent of its geometry. While any suitable non-pearlescent pigment
may be employed, it is presently preferred that the non-pearlescent pigment be heat
resistant, non-toxic and insoluble in agueous solutions. Examples of preferred non-
pearlescent pigments include any colorant permitted in medical devices and approved by the
FDA, such as D&C Blue No. 6, D&C Green No. 6, D&C Violet No. 2, carbazole violet, certain
_ copper complexes, certain chromium oxides, various iron oxides, phthalocyanine (PCN)
green, phthalocyanine (PCN) blue, titanium dioxides, etc. See Marmiom DM Handbook of
U.S. Colorants for a list of colorants that may be used with the present invention. A more
preferred embodiment of a non-pearlescent pigment include (C.l. is the color index no.),
without limitation, for a biue color, phthalocyanine blue (pigment blue 15:3, C.l. 74160),
cobalt blue (pigment blue 36, C.1. 77343), Toner cyan BG (Clariant), Permajet blue B2G
(Clariant); for a green color, phthalocyanine green (Pigment green 7, C.l. 74260) and
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Pignent"” line, such as "Hi-Lite Interference Colors, " "Dynacol or
Pear | escent Pignents", " I\/IagnaPearI
Pearlescent plgments which are mica pIateIets with an oxide coating are commercially

available from by the Englehard Corp. of Iselin, N.J., under the " Mearlin Pigment" line, such
as "Hi-Lite Interference Colors, " "Dynacolor Pearlescent Pigments", " MagnaPearl",
"Flamenco," and "Celini Colors. " Additional manufacturers of pearlescent colorants are:
Kemira, Inc. in Savannah, Georgia, the pigments having the trade name " Flonac Lustre
Colors"; and EM Industries, Inc. of Hawthorne, N.Y., the pigments having the trade name

"Affair Lustre Pigments".

A “hydrogel” refers to a polymeric material which can absorb at least 10 percent by weight of
water when it is fully hydrated. Generally, a hydrogel material is obtained by polymerization
or copolymerization of at least one hydrophilic monomer in the presence of or in the absence

of additional monomers and/or macromers.

A “silicone hydrogel” refers to a hydrogel obtained by copolymerization of a polymerizable
composition comprising at least one silicone-containing vinylic monomer or at least one

silicone-containing macromer.
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prepolymer” refers to a starting polymer which can be crosslinked upon actinic radiation to
obtain a crosslinked polymer having a molecular weight much higher than the starting

polymer.

A "monomer" means a low molecular weight compound that can be polymerized. Low

molecular weight typically means average molecular weights less than 700 Daltons.

A “vinylic monomer”, as used herein, refers to a low molecular weight compound that has an
ethylenically unsaturated group and can be polymerized actinically or thermally. Low
molecular weight typically means average molecular weights less than 700 Daltons.

The term “olefinically unsaturated group” or “ethylenically unsaturated group” is employed
herein in a broad sense and is intended to encompass any groups containing at least one
>C=C< group. Exemplary ethylenically unsaturated groups include without limitation
acryloyl, methacryloyl, allyl, vinyl, styrenyi, or other C=C containing groups.
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cr ossl i nkayménzed actinisallyi arllezrmally.upon i nitiati on by a chem cal or physical
neans (e.g., noisture, heating, UV irradiation or the like) to trap or bind
colorants onto or into a nedical device (preferably a contact |ens) such as
t hat t er‘idieculemowighithoftangolygmeric material (including monomeric or macromeric materials),

as used herein, refers to the number-average molecular weight unless otherwise specifically

noted or unless testing conditions indicate otherwise.

A “polymer” means a material formed by polymerizing/crosslinking one or more monomers,

macromers and or oligomers.

“A binder polymer” refers to a crosslinkable polymer that can be crosslinked by a crosslinker
or upon initiation by a chemical or physical means (e.g., moisture, heating, UV irradiation or
the like) to trap or bind colorants onto or into a medical device (preferably a contact lens)

such as that term is known in the art.

A “photoinitiator” refers to a chemical that initiates radical crosslinking and/or polymerizing
reaction by the use of light. Suitable photoinitiators include, without limitation, benzoin methyl
ether, diethoxyacetophenone, a benzoylphosphine oxide, 1-hydroxycyclohexyl phenyl
ketone, Darocure® types, and lrgacure® types, preferably Darocure® 1173, and Irgacure®
2959. Azo type initiators [e.g. 2,2'-azobis (2,4-dimethylpentanenitrile), 2,2'-azobis (2-
methylpropanenitrile), 2,2'-azobis (2-methylbutanenitrile) ] can be use as photo or thermal

initiators.
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n pernea e rate at which oxygen wl| pass through
a material. Oxygen perneability is conventionally expressed in units of

barrers, The ‘eo&sgen l"flér{s%ss%lﬁiy’d&fal I@ﬂg, & used herein, is the rate at which oxygen will pass

through a specific ophthalmic lens. Oxygen transmissibility, Dk/, is conventionally
expressed in units of barrers/mm, where t is the average thickness of the material [in units of
mm)] over the area being measured and “barrer/mm?” is defined as:
[(cm® oxygen) / (cm? )(sec)(mm? Hg)] x 10°
The intrinsic “oxygen permeability”, Dk, of a lens material does not depend on lens
thickness. Intrinsic oxygen permeability is the rate at which oxygen will pass through a
material. Oxygen permeability is conventionally expressed in units of barrers, where “barrer”
is defined as:
[(cm® oxygen)(mm) / (cm?)(sec)(mm? Hg)] x 107
These are the units commonly used in the art. Thus, in order to be consistent with the use in
the art, the unit “barrer” will have the meanings as defined above. For example, a lens
having a Dk of 90 barrers (“oxygen permeability barrers”) and a thickness of 90 microns
(0.090 mm) would have a Dk/t of 100 barrers/mm (oxygen transmissibility barrers/mm).

The “ion permeability” through a lens correlates with the lonoflux Diffusion Coefficient. The
lonoflux Diffusion Coefficient, D, is determined by applying Fick’s law as follows:
D=-n"/ (A x dc/dx)
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lathability of a material is its glass transition temperature (Tg). Single phase polymeric

materials with T, below room temperature are considered to be too soft for room

temperature lathing whereas those with T, above room temperature, preferably at least 3

degrees above room temperature, have sufficient hardness for lathing at room temperature.

Microscopically multiphasic polymeric materials may display one apparent single T, or more

than one T,. As long as a microscopically multiphasic polymeric material has a Ty associated

with the dominant phase of the material being above room temperature, it can be lathed into

contact lenses at room temperature. “Dominant phase” is defined herein as a phase in a

multiphasic material that determines the overall (bulk or working) hardness of a material.

The term “bonnet” or “single sided molded lens blank” refers to a pqumeric button obtained
by cast-molding or spin-casting from a lens-forming material in a mold, wherein at least one
of the two opposite surfaces of the bonnet has an optically finished surface corresponding to
one of the anterior and postérior surfaces of a contact lens. The term “optically finished” in
reference to a surface or a zone in a surface refers to a surface of a contact lens or a zone
in a surface of a contact lens, wherein the surface or zone does not need to undergo further
processing, e.g., such as, polishing or lathing. One could also machine lenses from pseudo
bonnets. A pseudo bonnet is a part that would require lathing of both sides of the material in
order to obtain a contact lens. This type of part would allow for flexibility in the design of the

front and back surfaces of a lens while minimizing material losses.
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anterior or posterior surface by directly lathing of the bonnet on the side opposite to the
molded surface, thereby obtaining the colored silicone hydrogel contact lens. Post curing
and/or drying the bonnet could be performed with the bonnet on or off the mold.

In accordance with the invention, the ink typically comprises a colorant, a silicone-containing
binder polymer, and optionally an adhesion promotor.

A solvent can be water, an organic or inorganic solvent, a mixture of several organic
solvents, or a mixture of water and one or more water soluble or water miscible organic
solvents. Any known suitable solvents can be used, so long as they can dissolve the binder
in the ink of the invention and aid in the stability of the colorant. Exemplary solvents include,
without limitation, water, acetone, alcohols (e.g., methanol, ethanol, propanol, isopropanol,
2-ethyoxyethanol, etc.), glycols, ketones, esters, cyclopentanone, cyclohexanone,
tetrahydrofuran, acetone, methyl-2-pyrrolidone, dimethyl formamide, acetophenone,
methylene dichloride, dimethyl sulfoxide, gamma-butyrolactone, ethylene dichloride,
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si ze. Laﬂan’?c{Ies of a pigment can be ground into smaller particles. Any number of methods known
in the art can be used to grind pigment. Exemplary preferred methods of reducing a
pigment’s particle size include high speed mixers, Kady Mills (rotor stator dispersion device),
colloid mills, homogenizers, microfluidizers, sonalators, ultrasonic mills, roll mills, ball mills,
roller mills, vibrating ball mills, atiritors, sand mills, varikinetic dispensers, three-roll mills,
Banbury mixers, or other methods well known to those of skill in the art. In the case of
pearlescent pigments it is important during processing to minimize platelet breakage and
maintain a sufficient level of dispersion. Pearlescent pigments require gentie handling
during mixing and they should not be ground, or subjected to prolonged mixing, milling or
high shear since such operations can damage the pigments. Particle size distribution, shape
and orientation strongly influence final appearance. Milling, high shear mixing or prolonged
processing of pearlscent pigments should be avoided since such operations might lead to
delamination of metal oxide coated layer, fragmentation of platelets, platelet agglomeration
and platelet compaction. Delamination of metal oxide, compaction, fragmentation and

agglomeration will reduce pearlescent effects.
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functional groups, preferably selected from the group consisting of hydroxyl groups (—OH),
primary amino groups (—NHy), secondary amino groups (—NHR), carboxylic groups
(—COOH), epoxy groups, aldehyde groups (—CHO), amide groups (—CONH,), acid halide
groups (—COX, X= Cl, Br, or 1), isothiocyanate groups, isocyanate groups, halide groups
(—X, X= Cl, Br, or l), acid anhydride groups, and combinations thereof, and (c) at least one
silicone-containing vinylic monomer or macromer. The polymetrizable composition can also
include a polymerization initiator (i.e., a photoinitiator or a thermal initiator), a solvent which
is preferably the solvent used in an ink, and a chain transfer agent. Ethylenically
functionalizing of the silicone-containing polymer is carried out by reacting the silicon-
containing polymer with an ethylenically functionalizing agent which comprises an
ethylencially unsaturated group and a group capable of reacting with the functional groups of
the silicone-containing polymer to form covalent linkages, as known to person skilled in the
art. Examples of preferred ethylenically functionalizing agents include, but are not limited to,
glycidylmethacrylate, glycidylacrylate, 2-isocyanatoethylmeth-acrylate (IEM), N-
hydroxymethylacrylamide (NHMA), acryloylchioride, methacrylolylchloride, methacrylic acid,
acrylic acid, 2-bromoethyimethacrylate, and methacrylic anhydride.



of ethylenically unsaturated groups into the silicone-containing polymer.
The siliconecontaining polynmer to be ethylenically functionalized is

pr ef er ablwyoaoeoped2gmeri zati on product of a pol ymeri zabl ecrmrp@siovsssn, which
conprises (a) at least one hydrophilic vinylic nononer, (b) at |east one
functionalizing vinylic nononer contai r]li ng at | east one pendant functi onal
groups, preferably selected fromthe gjréu'p consi sting of hydroxyl groups
(-O), primary anmino groups (-NH 2) , secondary amino groups (-NHR),
carboxylic groups (-COOH), epoxy groups, al dehyde groups (-CHO, am de
groups (-CONH 2), acid halide groups (-COX, X=d, Br, or 1),
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pol ymer. The preferred | atent crosslinkable pendant groups are

For example, a polymerizable mixture comprising a polymerizable halosilane or alkoxysilane

compound and a vinylic monomer without active hydrogen atoms can be copolymerized
" thermally or actinically to form a silicone-containing binder polymer with alkoxysilane or

halosilane groups as crosslinkable groups.

Examples of the polymerizable alkoxysilane compound include, but are not limited to:
methacryloxyethyltri-methoxysilane, methacryloxyethyimethyldimethoxysilane,
methacryloxyethyldi-methyimethoxysilane, methacryloxyethyltriethoxysilane,
methacryloxyethyl-methyldiethoxysilane, methacryloxyethyldimethylethoxysilane,
methacryloxy-propylirimethoxysilane, methacryloxypropylmethyldimethoxysilane, methacryl-
oxypropyldimethylmethoxysilane, methacryloxypropyitriethoxysilane, methacryl-
oxypropylmethyldiethoxysilane, methacryloxy-propyldimethylethoxysilane, styryl-
ethyltrimethoxysilane, and 3- (N-styrimethyl-2-aminoethylamino) propyltri-methoxysilane
hydrochloride. These compounds may be used alone or in combination as a mixture of two

or more of them.



hal osi | ane and al koxysi |l ane, w th al koxysil ane being the nost preferred.
Exanpl es of silicone-containing binder polynmer conprising al koxysil ane,

si | anol , woev@apsi2zbane, silanes, or hal osil ane groups a®CTtmrsa@bsiondsabl e
groups are those disclosed in conmmonly assigned U S. Patent Application
Publ i cati on No. 2003/0054109. Such siLH§Qne-containing bi nder polyner is
obt ai ned by copol ynerizing a polynerizable m xture conprising (A a vinylic
nmononer having a | atent crosslinkable group selected fromthe group
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met hyl %td%ﬁ{bYAa%Bﬁs thereof, it is preferably that an adhesion promoter is included in the ink.
One example of silicone-containing binder polymers can be a copolymerization product of a
polymerizable mixture including: (i) at least one hydrophilic vinylic monomer; (i) at least one
functionalizing vinylic monomer containing at least one functional group selected from the
group consisting of hydroxyl group —OH, amino group —NHR (wherein R is hydrogen or C;
to Cg alkyl), carboxylic group —COOH, epoxy group, amide group —CONHR, and
combinations thereof; and (iii) at least one silicone-containing vinylic monomer or macromer.
one or more components selected from the group consisting of a polymerization initiator (i.e.,
a photoinitiator or a thermal initiator), a chain transfer agent, and a solvent. The
polymerizable mixture can also include a polymerization initiator (i.e., a photoinitiator or a
thermal initiator), a solvent which is preferably the solvent used in an ink, and a chain
transfer agent. The polymerizable mixture can optionally include a hydrophobic vinylic
monomer, for example, such as, 2-ethoxyethylmethacrylate (EOEMA).

Examples of sfloxane—containing vinylic monomers include, without limitation,
methacryloxyalkylsiloxanes, 3-methacryloxy propylipentamethyldisiloxane,
bis(methacryloxypropyl)tetramethyi-disiloxane, monomethacrylated polydimethylsiloxane,



and propyl acrylate; Cl to C6 al kyl styrene, such as t-butyl styrene; vinyl
nmononmers, such as vinyl chloride and vinyl acetate; diene nononers, such as
| sopr ene;wdi2bbedizad2ky| (et h) acryl am des or acryl am des eeT@EP005/0093d9 et hyl
acrylam de (DMA)); and Cl to C6 alkoxy Cl to C6 al kyl esters of acrylic or
met hacrylic acid, such as ethoxyet hyl qgt hacryl ate (ECEMA) or net hoxypropyl
acryl ate. These nononers nay be used al'one or in conbination as a m xture
of two or nore of them Where a silicone-containing binder polymer in an

i nk conprises crosslinkable groups selected fromthe group consisting of
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and 4-vinylpyridine, vinylically unsaturated carboxylic acids having a total of 3 to 5 carbon

O

atoms, amino(lower alkyl)- (where the term "amino" also includes quaternary ammonium),
mono(lower alkylamino)(lower alkyl) and di(lower alkylamino)(lower alkyl)acrylates and
methacrylates, allyl alcohol and the like. Among the preferred hydrophilic vinylic monomers
are N,N-dimethylacrylamide (DMA), 2-hydroxyethylmethacrylate (HEMA), hydroxyethyl
acrylate (HEA), hydroxypropyl acrylate, hydroxypropyl methacrylate (HPMA),
trimethylammonium 2-hydroxy propyimethacrylate hydrochloride, dimethylaminoethyl
methacrylate (DMAEMA), glycerol methacrylate (GMA), N-vinyl-2-pyrrolidone (NVP),
dimethylaminoethylmethacrylamide, acrylamide, methacrylamide, allyl alcohol, vinylpyridine,
N-(1,1dimethyl-3-oxobutyl)acrylamide, acrylic acid, and methacrylic acid.

Any know suitable vinylic monomer containing at least one functional group selected from
the group consisting of hydroxyl group —OH, amino group —NHR (wherein R is hydrogen or
C; to Cg alkyl), carboxylic group —COOH, epoxy group, amide group —CONHR, and
combinations thereof can be used as functionalizing vinylic monomer in the present
invention. Preferred examples of such vinylic monomers includes methacrylic acid (MAA),



preferred sil oxane-containing nononer is TRIS, which is referred to

3-net hacryl oxypropyltris( trinethylsiloxy) silane, and represented by CAS
No. 17096wO02e@0243e term ' TRI'S" al so includes dinmers of PCT/EP2005/009389

3-net hacryl oxypropyltris(trinmethylsiloxy) silane. Any know suitable

si | oxane- cont ai ni ng macroner can be used,. A particularly preferred

si | oxane-contai ning macroner is selected fromthe group consisting of
Macroner A, Macronmer B, Macromer C, and Macronmer D described in US

5,760, 100. Nearly any hydrophilic vinylic nononmer can be used in the
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alkoxysilane monomer (e.g. TRIS), and monomethacrylated polydimethylisiloxane. It might

be preferable the polymerization reaction is not complete, thereby producing a binder

polymer dissolved in a solvent which preferably contains some residual unreacted vinylic

monomers. Polymerization mixtures that contain only binder and unconverted monomer

might also be desirable since solvent would be eliminated. The unconverted monomer can

be used to help control rheological properties of inks and be converted to polymer during ink

cure and/or bonnet curing. A person skilled in the art will known well how to control

pelymerization level.

A silicone-containing binder polymer can also be a polyurethane and/or polyurea polymer
having at least two functional groups which can be hydroxyl, amino (primary or secondary),
isocyanato groups. A silicone-containing polyurethane/polyurea binder polymer can be
prepared by reacting (polymerizing) of a mixture containing: (a) at least one a,w-dihydroxyl
alkyl end-capped polysiloxane, (b) optionally at least one amino- or hydroxyl-terminated
poly(alkylene oxide) (e.g., poly(oxyalkylene)diamine, or polyalkyleneglycol ), (c) optionally at



invention. Preferred exanples of such vinylic nononers includes nethacrylic
acid (MAA), acrylic acid, glycidylnethacrylate, glycidylacrylate, HEMA, HEA,
and N hydwoxyembisghacryl ami de (NHMA). It shoul d be understr@pdoosinedsa
vinylic nononmer can be used both as a hydrophilic vinylic nonomer and as a
functionalizing vinylic nononer in the polynerizable conposition for
preparing the silicone-containing pol y'n1\§r' w th pendant functional groups.
Preferably, the hydrophilic vinylic nmononer is devoid of functional groups
(e.g., DVA, NVP). Any known suitable chain transfer agent can be used in
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m ght al & hgdestheaddie si nce sol vent woul d be elinminated. The unconverted
nononer can be used to help control rheol ogical properties of inks and be
converted to polyner during ink cure and/or bonnet curing. A person skilled
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a, W di hygibestivikers are identified by bi- or multi-functional reactive groups. For example, diphenolic,
diepoxide, dimelamine, diisocyanate, or dialdehyde resins could be used. Multi-functional
phenolics have structures as follows:(HOH,CPh),-Rg, where Ph is a phenol group. Multi-
functional epoxides have structures as follows: (CH,OCH),-Rs. Multi-functional aldehydes
have the following structure: (HCO),-Rg or (CHsCO),-Re. Multi-functional isocyanates have
the following structure: (OCN),-Rg. Melamine resins have the following structure: (HOH,C-

Mel)q-Rg, where Melamine is

H H
N_ _N_ _N
- ~
g
NYN
NH,
For the above examples, Ry may be a aliphatic, alicyclic, aliphatic-alicyclic, aromatic,
aliphatic-aromatic hydrocarbon, vinyl alcohol, vinyl butyral, or vinyl acetate, and nis a
number greater than 1. Mixed functional groups could be used (i.e. an epoxide with an

isocyanate).

Exemplary isocyanate compounds include hexamethylene diisocyanate (HMDI), 2,4-toluene

diisocyanate and bis(isocyanato pheyl)ymethane.



al kyl end-capped pol ysil oxane, (b) optionally at |east one am no- or

hydr oxyl -t erm nat ed pol y(al kyl ene oxide) (e.g., poly(oxyal kyl ene) di am ne,
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pass the finger rubbing test and a sonication-in-methanol (or other suitable solvent, e.g.,

such as isopropanol) surviving test.

The finger rubbing test is performed by removing the hydrated contact lens from a packaging
solution, e.g., saline, and digitally rubbing the lens between either two fingers or a finger and
a palm for up to about 10 seconds. Visible and microscopic (~10X) observation of colorant

bleeding, smearing, or delamination indicates failure of the rub test.

The sonication-in-methanol (or other suitable solvent, e.g., such as isopropanol) test is
performed as follows. A colored contact lens is immersed in 5 ml of, for example, methanol
or isopropanol or a suitable solvent, sonicated for about 1 minute and then placed in a vial
containing borate buffered saline (BBS). After about 10 seconds, the saline is drained and
about 5 ml of fresh BBS is added. After equilibrating for about 5 minutes in the BBS, the lens
is inspected for signs of adhesion failure (e.g., colorant bleeding, smearing, or delamination).

A mold for molding a bonnet can be an assembly or a cup, as known to a person skilled in
the art. A mold for molding a bonnet is preferably made of a plastic material. Preferably, at
least a portion of the molding surface of the mold is pretreated to increase its hydrophilicity
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near the inlet end and a polymetization reaction zone toward the outlet end. It is preferred
that the molds be characterized by a pretreated optical surface to increase its hydrophylicity
or wettability in a manner well-know in the art. The speed of rotation of the tube and the
molds, when secured in interference fitting relationship, is adjusted to cause and/or maintain
radially outward displacement of the lens-forming material to a predetermined lens
configuration which when subjected to the polymerization conditions employed in the tube
will form the desired shaped contact lens. Rotational speed of, for example, 300 r.p.m., and
lower to 600 r.p.m., and higher, can be conveniently used. The precise rotational speed to
employ in the operation is, of course, well within the skill of the artisan. Factors to be
considered inciude the type and concentration of the components comprising the lens-
forming material employed, the operative conditions of choice, the type and concentration of
initiator, and/or the intensity and type of energy source to initiate polymerization, and factors

discussed previously and readily apparent to the artisan.

A person skilled in the art knows well that the polymerization column (tube), as typically used
in spin casting, has to be fabricated from a material that will not impede the transmission of

the actinic radiation into the polymerization zone of the column. Glass, such as PYREX,
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type of ener source to initiate nerlza ion, and factors di scussed
pr evi ousimagandhesaalsiligongmearnighs Utpd ¢ ke impga fyom the cliché and transfers the

image to the contact lens. The silicone pads are made of a material comprising silicone that
can vary in elasticity. The properties of the silicone material permit the inks to stick to the
pad temporarily and fully release from the pad when it contacts a contact lens or a mold.
Appropriate pad-transfer printing structures include, but are not limited to, Tampo-type
printing structures (Tampo vario 90/130), rubber stamps, thimbles, doctor's blade, direct

printing, or transfer printing as they are known in the art.

inks for pad printing operations will preferably have one or more of the following
characteristics: viscosity lower than about 50,000 cps, preferably lower than about 5000 cps
and most preferably below 1500 cps, particle size less than about 5 micrometer (for non-
pearlescent pigment), surface tension from about 20 mN/m to about 60 mN/m; prolonged
stability (i.e., stable for about 4 hours, preferably at least 8 hours, more preferably 24 hours,
even more preferably at least 7 days, most preferably at least three weeks); an appropriate
color level (visible by eye); good adhesion to medical devices; and good transfer from a mold
to a medical device made in the mold. The physical stability of an ink could differ from its
chemical stability. For example, pigments might settle from the ink (physical phenomenon)
yet the ink may not have undergone any significant chemical reaction. For such situations
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drying or crusting effects).

“Coffee stain appearance” or “coffee stain effect”, as used herein, means that a color dot on
a contact lens or a mold has a peripheral edge having a dark color and the interior area

having light color.

“Donut appearance” or “donut effect”, as used herein, means that a color dot on a contact
lens or a mold has a light-colored or colorless central zone surrounded by a dark-colored

annular zone.

in accordance with the invention, any ink curing methods known to a person skilled in the art
can be used in the invention. Examples of ink curing methods include without limitation
thermal curing, actinic curing (i.e., by actinic radiation), moisture curing, curing by using a
chemical means, such as, for example, nucleophilic reactions, or oxidation reactions.

In accordance with the present invention, a lens-forming fluid material can be a solution or a

solvent-free liquid or melt at a temperature below 60°C.



stability (i.e., stable for about 4 hours, preferably at |east 8 hours,
nore preferably 24 hours, even nore preferably at |east 7 days, nost

pr ef er ablwoanodeazd t hree weeks); an appropriate col or lPeraP2¢o3i08i3bd e by
eye); good adhesion to nedical devices; and good transfer froma nold to a
medi cal device made in the nold. The phé/si cal stability of an ink could
differ fromits chemcal stability. Fortxanple, pignents m ght settle from
the ink (physical phenonenon) yet the ink may not have under gone any
significant chem cal reaction. For such situationsthe ink can be restored
to a useable state by sinply stirring or rem xing. O her neans of slow ng

or elimpating settl.i of pi.gnent I d | L 0 use of
addi ti ve@zacﬁP%éP?%H'”b&?e ri’rﬁg‘?'?t Veﬁﬁgﬁ’%gl?ﬁjsr@f 'g%égﬁlﬁacfwg%'agﬁne%eﬂaj particle

S|S 'ZﬁgOf mma{aﬁé&fmn?khgabitmgntabgl_&as&s. Ekerpplgasefptmplaﬁ?r@sdhdede withowti ng a | ens
usi an.inkje i n QCessS | [ s .

Aopl 1 cat IbIRKBLE oo ueld B 8%ERGH 1, BEREK S Sttt A din A FBEEEh a7
0. For ipdymeatompphuaditionoendtdafilcok. of the invention has one or nore of
the follow ng characteristics: a viscosity |ower than about 50 centi poise
(cps), preferably |ower than about 15 cps; nost preferably below 15 cps; a

Isur f ace Wweiesd atensffofniingnflaidonateddl isvhlsaiution, dimantbegepdtechby aligsalvinigcdtdeast ze  of
ess than ah

t 5 " | d stabilit i I o

hours. o aicepoREnmias SR RS i astohe S b AT e bEGBHIE Y. oen
more pr eﬁwtehahbrlyar&t ?H ﬁa?t d&sirdggzlsmpgnmts pr &fyesuitbbly satc\lleh'elerwf ntthrageerseredidled an
appropriate c r |lev (Vi sible e : t
P PO Bl 5. B okt it bep el (108 oL O (e e
of iln(cjii ;/i dual d_ropis); good adgesi on tho msldi cal devi cesl; good transfer from
a no 0 a nedi cal . device e int : . i in.inkj
nozzl es k”rﬁcﬁp?‘?éf‘c%}”ﬂﬂqﬁ'be %riesgr?td%\ﬁnﬁaﬂ,gﬁy gﬁ?\g)spﬁ%g #u@e&oﬁ(aﬁé%ﬁ%c;%ﬂ%? Jo(rat
'l' cof f ee siichi efsc’iejt:femm'ble ta_eseﬁSiedfém{jaﬁdve, cepchesugeiad paena?)da ooft dottactriemsesont act
ens or as ri pheral . e i i
02 o RnRA eI CRRE A ey 35 58 B Rl ke oL

herei n, gea¥ised Blodveacambeusebto praparecofticantact lensesor a nol d has a
| i ght-col ored or colorless central zone surrounded by a dark-col ored
annul ar zone.

Examples of suitable hydrophilic monomers are those described above.

In a preferred embodiment, a lens-forming material is a composition capable of forming a
silicone hydrogel which has a room temperature lathability, i.e., having a predominant glass

transition temperature (T,) of about 25°C or higher.

In a more preferred embodiment, a lens-forming material is a solvent-free polymerizable
composition disclosed in a commonly assigned U.S. patent application No. 60/583,994 filed
June 30, 2004 (herein incorporated by reference. Such solvent free polymerizable
composition comprises (a) at least one silicone-containing vinylic monomer or macromer or
mixture thereof, (b) at least one hydrophilic vinylic monomer, and (c) at least one blending
vinylic monomer in an amount sufficient to dissolve both hydrophilic and hydrophobic
components of the polymerizable composition.

A “blending vinylic monomer” refers to a vinylic monomer which can function both as a
solvent to dissolve both hydrophilic and hydrophobic components of a lens-forming material

and as one of polymerizable components to be polymerized to form a silicone hydrogel
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Styrene itself [H,C=CH-CgHs] is a particularly preferred styrene-containing monomer.

A cycloalkyl-containing vinylic monomer is defined herein to be a vinylic monomer containing
a cycloalky! which can be substituted by up to three C+-Ce alkyl groups. Preferred cycloalkyl-
containing vinylic monomers include, without limitation, acrylates and methacrylates each
comprising a cyclopentyl or cyclohexyl or cycloheptyl, which can be substituted by up to 3
C4-Cg alkyl groups. Examples of preferred cycloalkyl-containing vinylic monomers include
isobornylmethacrylate, isobornylacrylate, cyclohexylmethacrylate, cyclohexylacrylate, and
the like.

A lens-forming material preferably further includes one or more Tg-enhancing vinylic
monomers selected from the group consisting of acrylic acid, C4-C, alkyl methacrylate (e.g.,
methylmethacrylate, ethylmethacrylate, propylmethacrylate, isopropylmethacrylate, t-
butylmethacrylate), methacrylonitrile, acrylonitrile, C1-C4 alkyl acrylate, N-isopropyl
acrylamide, 2-vinylpyridine, and 4-vinylpyridine. It is understood that aromatic monomers
and/or cycloalkyl-containing vinylic monomers can be replaced by one or more of the above

Tg-enhancing vinylic monomers.
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the formulation mrght be in the range of 30-50% since such a material wifl be present (o}

enhance oxygen permeabrhty.

Initiators, for example, selected from materials well known for such use in the polymerization
art, may be included in the lens-forming fluid material in order to promote, and/or increase

the rate of, the polymerization reaction.

Suitable photoinitiators are benzoin methyl ether, diethoxyacetophenone, a
benzoylphosphine oxide, 1-hydroxycyclohexyl phenyl ketone and Darocur and Irgacur types,
preferably Darocur 1173® and Darocur 2959®. Examples of benzoylphosphine initiators
include 2,4,6-trimethylbenzoyldiphenylophosphine oxide; bis-(2,6-dichlorobenzoyl)-4-N-
propylphenylphosphine oxide; and bis-(2,6-dichlorobenzoyl)-4-N-butylphenylphosphine
oxide. Reactive photoinitiators which can be incorporated, for example, into a macromer or
can be used as a special monomer are also suitable. Examples of reactive photoinitiators
are those disclosed in EP 632 329. The polymerization can then be triggered off by actinic
radiation, for example light, in particular UV light of a suitable wavelength. The spectral
requirements can be controlled accordingly, if appropriate, by addition of suitable

photosensitizers
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Curing of a lens-forming material can be initiated thermally or actinically.

The step of post-curing and/or drying is preferably performed at a high temperature, for
example, such as, at a temperature of about 75°C or higher. By having a step of post-curing
and/or drying, it is believed that residual unpolymerized monomers and/or macromers in a
bonnet can be further polymerized and that solvent if applicable can be removed. As such,
the hardness of the resultant polymer is increased so that the lathability at room temperature
of the resultant polymer is achieved. The drying of the resultant polymer can be further
facilitated by carrying it out at a high temperature and under reduced pressure.

Post-curing of the resultant polymer can also be facilitated by adding a high temperature
initiator, which is activated only at elevated temperature (i.e., above curing temperatures in
the step of curing to form bonnets), in the Iens-forming fluid material. By adding a high-
temperature initiator in the lens-forming fluid material, one may be able to completely
polymerize, during the step of post-curing and/or drying, any residual polymerizable
components left after curing step, to increase the hardness of the resultant silicone hydrogel
material to be lathed. In addition, the high-temperature initiator(s) could also function as to
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extended wear lenses. The lenses will allow alteration or enhancement of a patient’s eye
color. This could be accomplished with one or more prints on a lens. The inks used in
printing could be clear or opaque. In addition, the lenses could also be used as prosthetic
lenses. The process for positioning a printed image below a lens surface will result in
improved comfort as compared to prints on lens surfaces. The invention will enable one to
lathe a printed lens blank to any desired prescription or lens design. The ability to lathe
printed silicone hydrogel lens blanks into lenses with ordinary lathing equipment (i.e., no
cryogenic technology involved) will allow colored silicone hydrogel lenses to be available in a
wider variety of parameters (ordinary or extreme parameters) and lens designs (e.g. toric,
bifocal).

It is understood that a method of the invention can be used to produce breathable, non-
permanent body art. For example one could impart a desired image on a silicone copolymer
and then fasten the image to a person. There are some advantages of such body art as
compared to permanent tattoos, including, for example, easiness for removal if desired,
good durability, good oxygen permeability/breath-ability, ability to mask scars or other

disfiguring appearances.
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The process for positioning a printed inmge ? ablen h surface wll
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I nvent i fRepbh! wikdtaR! tRe AtftdddOsurface of the bonnet includes at least a portion of the colored
coat or film; removing the bonnet from the mold; post-curing and/or drying the bonnet for a
time sufficient long to increase the lathability at room temperature of the bonnet; and forming
the anterior or posterior surface by directly lathing of the bonnet on the side opposite to the
molded surface, thereby obtaining the colored silicone hydrogel contact lens.

In accordance with the invention, the binder polymer in the ink should comprise crosslinkable
groups selected from the group consisting of ethylenically unsaturated groups, hydroxyl
—OH, amino —NHR (wherein R is hydrogen or C, to Cs alkyl), carboxylic acid —COOH,
epoxy, amide —CONHR, isocyanate, peroxy, perester, anhydride, alkoxysilane, silanol,

acetoxysilane, silanes, halosilane, and combinations thereof.

Preferably, the colored coat on the molding surface of the mold is cured to form a colored

film.

The previous disclosure will enable one having ordinary skill in the art to practice the
invention. In order to better enable the reader to understand specific embodiments and the
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analysis of the reaction mlxture indicates that the solution has a solids content of about 68%.
FT-IR analysis: A several drops of a reaction mixture are placed in about 15 mL of hexanes
and the resulting precipitate is separated from the hexanes and dissolved in absolute
ethanol. A film is cast on a NaCl disk and dried at 75°C for about 5 minutes (or at 100°C for
about 10 minutes). Characteristic peaks of amide and ester and hydroxy functionality at

1643.7 and 1724.4 cm™ respectively are monitored.

Preparation of Photo-Curable Binder Polymer

To 150.17 grams of a 68% solution of a silicone-containing polymer (a precursor prepared
above) in ethyl acetate is added a solution consisting of 18.8029 grams of 2-
isocyanatoethylmethacrylate (IEM) and 0.0035 grams of 4-hydroxy-TEMPO. The mixture is
stirred with a spatula at room temperature until homogenous and then checked by FT-IR.
0.0705 grams of Dibutyitindilaurate (DBTDL) is then stirred into the reaction mixture. The
reaction mixture is heated at 35°C for about 45 minutes at which point NCO is no longer
present by FT-IR.



time sufficient long to increase the lathability at roomtenperature of the
bonnet; and form ng the anterior or posterior surface by directly Iathing
of the bowoavowmmn4izhe si de opposite to the nol ded surfaceCTiEPedSoyI3ebt ai ni ng
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solution, all the perfluoropolyether reacted with isophorone diisocyanate (IPDI) is added

under argon. After stirring overnight at room temperature, the reaction is complete. The

solvent is stripped off under a high vacuum at room temperature. Microtitration shows

0.36meq/g of hydroxyl groups (theory 0.37meq/g).

13.78 g (88.9 mmol) of 2-isocyanatoethyl methacrylate (IEM) are added under argon

to 247 g of the a,c-hydroxypropyl-terminated polysiloxane-perfiuoropolyether-polysiloxane

three-block copolymer (a three-block copolymer on stoichiometric average, but other block

lengths are also present). The mixture is stirred at room temperature for three days.

Microtitration then no longer shows any isocyanate groups (detection limit 0.01meq/g). 0.34

megq/g of methacryl groups are found (theory 0.34 meg/g).

The macromer prepared in this way is completely colourless and clear. It can be stored
in air at room temperature for several months in the absence of light without any change in

molecular weight.

Example 3
DMA, macromer prepared in Example 2, TRIS, t-butyl styrene, and VAZO-52 are mixed to

prepare a solvent free formulation shown in Table 1 for making room temperature lathable
silicone hydrogel materials. t-butyl styrene is added in a formulation to ensure miscibility of



and the resulting precipitate is separated fromthe hexanes and dissol ved
in absolute ethanol. Afilmis cast on a NaCl disk and dried at 750C for
about 5 mvoub@w2¢szn at 1000C for about 10 m nutes). Charatipreersiisspeaks of
am de and ester and hydroxy functionality at 1643.7 and 1724.4 cm 1
respectively are nonitored. Preparatiaqaf Photo-Curable Binder Polynmer To
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of 4- hy AIGRTPPEREBIN theabse etﬁféo‘@”g%grq"r%t awl toseé;\ LTS Ingr oom

t enper atdup g ciistics (HRPELER/IMY & 1B GOl checked by FT-1R 0.0705 grams of
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reaction mxture is heat ed at 350C for about 45 minutes at which point NCO
is no |longer present by FT-IR Exanpl Gra%le { Pynt hesi s of Silicone-containing
Macromer) 5 1 .5 g(50 mwol) of the perflucrepolyether—ForbHin(r) ZDOL
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wat erbath. After stirri\[r'lb‘c%%gernl Clh'ﬁ at roomtgén%é‘eérature theireaction is
conpl ete, |socyanate ti‘tRrepareshin Gkaregle dn NCO content of 1.40 neq/g (theory:
1.35 neq/g). 202 g of the a,w hydroxypropyl-term nated pol ydi net hyl si | oxane
KF- 6001 from Shin- Etsu having a nean nol ecul ar wei ght of 2000 g/ nol (
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Example 5
Printed lens blanks (or bonnets) are prepared as follows:
Clichés are inked with an photo-curable silicone hydrogel ink prepared in Example 4 and a
silicone rubber print pad is used to transfer iris like images to polypropylene male (base
curve) mold halves (FreshLook®). The base curve mold halves are corona treated (33
dynes) prior to printing. The mold halves are then placed in a UV-cure box fitted with
ultraviolet-B lights in top section (Phillips TL 40 W / 12 RS). Samples are irradiated for about
90 minutes with UV-B light from top (intensity ~ 3.6 mW/cm?). The bottom section of the
cure box was fitted with Phillips 40 watt F40BL lights. The base curve mold halves with
printed and cured ink are then placed in plastic wells containing about 0.75 mL of silicone
hydrogel lens formulation prepared in Example 3. Base curve mold halves are leveled by
sandwiching mold assemblies (consisting of a male mold half and a plastic well) between
two flat plastic plates. After about a 30 minute soak time, mold assemblies are placed in a
forced air oven and lens polymer is cured thermally. The cure schedule used is given in
Table 2.



solution, all the perfluoropolyether reacted with i sophorone diisocyanate
(I'PD') is added under argon. After stirring overnight at roomtenperature,
t he reactwornoes2ex2opl ete. The solvent is stripped off umrderEpaocsiogissyacuum
at roomtenperature. Mcrotitration shows 0.36nmeq/ g of hydroxyl groups
(theory 0.37meq/g). 13.78 g (88.9 mmol )g0f 2-isocyanatoethyl nethacrylate
(IEM are added under argon to 247 g of the a,s-hydroxypropyl-term nated
pol ysi | oxane- per fl uor opol yet her - pol ysi | oxane t hree-bl ock copol yner (a

t hr ee- bl ock copol ynmer on stoichionetric average, but other block |engths
are also present). The m xture is stirred at roomtenperature for three
days. Mcrotitration then no | onger shgds2any isocyanate groups (detection
limt 0.01 meq/q) 0 34 neqglg of _
meq/ g).| The r@PBner prepared in this|way i LY¥BABMEY&YWe d8M%ur | ess” and
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nacr ongr prepwemutmrmfm@hﬁic TRI S, |t - but Y10 {# 8AW and VAZO 52 are
m xed to—preparea sotvent—free formoffation SNoOwWn TN _Table 1 1or maki ng
roomtenperature lathable silicone hydrogel materials, t-butyl styrene i5
added in a fol?cmleeré on to ensure niscilbi i t)PQSf ghre E@ﬁ@bﬁ@ﬁt@rﬁﬁimﬁe
absence—of—solven ranot)—and—t o enigEs ng characteristic
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blanks shows that the print patter is below the molded base curve surface of the lens blank

(i.e., print pattern is embedded in the lens blank). It is clear from inspection cross-sectioned
lens blank that the print pattern is below the molded base curve surface of the lens blank.

Differential scanning calorimetry (DSC) of a piece of polymer cut from the lens blank shows
that the polymer has a glass transition temperature (T,) of about 63 °C (2™ scan, heating
rate of 20 °C/minute). Cleatrly, this material will be glassy and lathable at room temperature

based on its glass transition temperature.



silicone rubber print pad is used to transfer iris like imges to

pol ypropyl ene mal e (base curve) nold hal ves (FreshLook(r)). The base curve
nol d hal wee 2ase2¢200na treated (33 dynes) prior to printPCmgEP200520938% d

hal ves are then placed in a UV-cure box fitted with ultraviolet-B lights in
top section (Phillips TL 40 W/ 12 RS) gzSanples are irradiated for about 90
mnutes with U/-B light fromtop (intensity ~ 3.6 mWcnR) . The bottom
section of the cure box was fitted with Phillips 40 watt F40BL |ights. The
base curve nold halves with printed and cured ink are then placed in

pl asti c Claimss cont ai ni ng about 0.75 m _ of silicone hydrogel |ens

formul ation prepared in Exanple 3. Base curve nold halves are |evel ed by
sandwi chi ng nol d assenblies écon5| sting of a male nold half and a plastic
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Inspectlon ows that the print pattern is bel ow t he nol ded
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that the print ded base curve surface of the |ens
bl ank. II()c)fchmng rhlne adlored ol tnqor@aa@piom filgn wiisiols 1o contagh withethg Mlding fuFfagst
fromth ﬁp%ﬁ. has a glass transition

t enper at?bﬁjr ?}?ﬁr% ﬂgq&%hééﬁég%é S%Lg%ceheat ing rate of 20 C mnute).

d ear | y,(dy fillirg traredd aith ailens- i@ém@lgdb@%/mémal cantising aifeasbone BlsRS-at ur e
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col ored si rogel contact [enses, conprising t steps of: (a)
provi di r(g) lattingltie bos-fwrmlmﬁ mgtesiabioraeek thQ/\P@@féﬂ g fx wr@duqﬂ@mcré'éﬂ%emﬁpdu ng

f f
surface g, ahpé?‘%ﬁ &6t (Féh%-fgr?ﬁn Céeﬂé?eﬁa f@@?ﬂ%&céﬁe&%ﬁh tggfg?!ggiéd Tﬂgﬁso (b)

I
t he posterlor and-anterio
appl yi ngnd toemwidingsirface vehle|detaching q@@tﬁ"mhcempi@w&' Wﬁﬁ&l%@d g ramdhef t he
nol d wi trﬁolaﬂg sﬂl‘fa dherein the ink conprises at |east one colorant and a

silicone-con alnlng pol ymer bi nder;
(f) curing the lens-forming material in the mold to form a bonnet having a molded surface

corresponding to one of the anterior and posterior surfaces of the contact lens, wherein the
bonnet includes the colored film immobilized therein and/or thereon;

(g) removing the bonnet from the mold; post-curing and/or drying the bonnet for a time
sufficient long to increase the lathability at room temperature of the bonnet; and

(h) directly lathing the bonnet on the side opposite to the molded surface to form the anterior

or posterior surface.

2. The method of claim 1, wherein the silicone-containing binder polymer comprises
crosslinkable groups selected from the group consisting of ethylenically unsaturated groups,
hydroxyl —OH, amino —NHR (wherein R is hydrogen or Cy to Cg alkyl), carboxylic acid
—COOH, epoxy, amide —CONHR, isocyanate, peroxy, petester, anhydride, alkoxysilane,
silanol, acetoxysilane, silanes, halosilane, and combinations thereof.

3. The method of claim 2, wherein the silicone-containing binder polymer comprises

ethylenically unsaturated groups.

4. The method of claim 3, wherein step (c) is carried out by heating or by actinic radiation.



(c) curing the colored coat to forma colored filmwhich is in contact with
the nol ding surface but is not covaiently attached to the nol ding surface;
(d) filliwg206we2mzbd wWith a | ens-formng fluid material pcomprocsionpsat | east
one siliconecontaining vinylic nonomer or macromer and at |east one
hydrophilic vinylic nmononer; (e) letting the lens-formng material to soak
the colored filmfor a period of tine sufficient so that a portion of the

| ens-form ng nmaterial penetrates into space between the colored film and
the nol ding surface while detaching partially or conpletely the col ored
filmfromthe nolding surface; (f) curing the lens-formng material in the

mold to 4 l‘(u? ReBRANE LAY Wﬁer@rﬁ%@ﬂi@orﬁléérﬂﬁﬁmgw iHcR® peNfengorhprigee of the
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sufficien g to I ncrease e Iathab ity at roomtenperature of the
bonnet ; thewgo{.h) directly | athing the bonnet on the side opposite to the
nol ded surface to formthe anterior or posterior surface 2. The net hod of
claim1l1, wherein the silicone-containing binder mer conpri ses

crossl i rikcaBemgthedi clan Se wharei P (1dS SRHEH Ok 'i“§ I4igyaeivaltthy| eni cal Iy
unsaturated groups, hydroxyl -OH amno -NHR (wherein R is hydrogen or Cl
to C8 alkyl), carboxylic acid -COCH,  epoxy, am de - CONHR, isocyanate,

per oxy, bermmthodaﬁmaun|2dwhemm@%ﬁwp%eontgmmmderQelmmemp e silanes,

hal osi | ang, sllﬁ%lgﬁmgggéfe%a f%'ﬂ?fh%cgrouﬁeongﬁt‘ﬁnﬁﬂ H)flﬁ'oﬁfl gfJupi-ROH, aifiy €i n t he

si |l i cone-cont al ni I nder nprises ethé enically unsg%urated

gr oups. grouﬂ'hélHl%(WhﬁdelOfR @lhaﬁwgsn %ﬁér"%W idpcarepxylic Qé%HprTQ tePSYY
heat i ng g buYarg | ?mu@ LEENAH, Qﬁdéomﬁ?\ﬁtqé’f%t hod of claim2, wherein the
|

S|I|cone contalnl nder polymer conprises pendent crossllnkable gr oups
sel ected fromthe group conS|st|ng of al koxysi | ane groups, silanol groups,
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t her eof . claimb5, wherein step (c) is carried out by
moi st ur epratreatedtq ingrease its hydrophylicity or wettability.

9. The method of claim 2, wherein the lens-forming material is a composition capable of
forming a silicone hydrogel having a predominant glass transition temperature (Tg) of about
25°C or higher.

10. The method of claim 9, wherein step (h) is performed at room temperature.

11. The method of claim 2, wherein the colored film is soaked by the lens-forming material

for from about 5 minutes to about 30 minutes.

12. A method of making colored silicone-hydrogel contact lenses, comprising the steps of:
(a) providing a mold for cast-molding of a bonnet, wherein the mold includes a molding
surface with optical quality, wherein the molding surface defines one of the posterior and
anterior surface of a silicone hydrogel contact lens;

(b) applying a color coat to at least a portion of the molding surface of the mold with an ink,
wherein the ink comprises at least one colorant and a polymer binder, wherein the binder
polymer comprises segments derived from at least one hydrophilic vinylic monomer or

macromet,



7. The nethod of claim2, wherein the silicone-containing binder polyner
conpri ses crosslinkable groups selected fromthe group consisting of

hydr oxyl woauw/2@4p am no group -NHR (wherein R i s hydr ®gemEresosGodss o C8

al kyl), carboxylic group -COOH, epoxy group, am de group - CONHR, and

conmbi nations. 8. The nmethod of claim2gswherein at |east a portion of the
nol ding surface of the nold is pretreated to increase its hydrophylicity or
wettability. 9. The nethod of claim2, wherein the lens-formng material is

a conposition capable of form ng .a,silicone dr | . hayi r 1 hant
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one
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col or ant, QA& suPeYdTBie Borihdeincludbe Eleasttdsortiorndiethe RoloyatEtoat onfilm;semoving
segnents derived fromat |east one hydrophilic vinylic nononmer or nmacroner;

(c) opt itembenretdem g & col ored coat to forma colored fil mwhich is not

coval enthy,oat-bddrgethd/& dr)h@? el shinfRet ok & fiaresuf{aidnt idrgl tb mprédse the lathabilit ag
l ens-formng fluid material conprising at |east one siliconecontaining
vi nyl i c "REMCABPEEIUA®E NSrRANNEHANA: | east one hydrophilic vinylic nononer:

(e) curigggitdifly I@RBg P HbnBEdrethedidd dppobite fthd miakiddsurfaze hofuret theavi ng a
nol ded surface corresponding to one of the anterior and posterior surfaces

of the cE5WRIEOr PRFSONIERES N t he bonnet includes the colored coat or film

i mmobi li zed therein and/or thereon, wherein the nolded surface of the

bonnet includes at |east a portion o[), t he qol ored copat or fil ot [ enpvi ng
13. The method of claim 12, wherein the binder polymer comprisés crosslinkable groups
selected from the group consisting of ethylenically unsaturated groups, hydroxyl —OH, amino
—NHR (wherein R is hydrogen or C, to Cg alkyl), carboxylic acid —COOH, epoxy, amide
—CONHR, isocyanate, peroxy, perester, anhydride, alkoxysilane, silanol, acetoxysilane,

silanes, halosilane, and combinations thereof.

14. The method of claim 12, wherein the binder polymer comprises segments derived from

at least one silicone-containing vinylic monomer or micromere.

15. The method of claim 14, wherein the silicone-containing binder polymer comprises

ethylenically unsaturated groups.

16. The method of claim 14, wherein the silicone-containing binder polymer comprises
pendent crosslinkable groups selected from the group consisting of alkoxysilane groups,
silanol groups, acetoxysilane groups, silanes groups, halosilane groups, and comination

thereof.

17. The method of claim 12, wherein at least a portion of the molding surface of the mold is

pretreated to increase its hydrophylicity or wettability.



t he bonnet fromthe nold; (f) post-curing and/or drying the bonnet for a
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is pret r&%&m@ tﬁ&célaféﬁ%mﬁ%ﬂ 4 Peribucit ity dufididnt s@rthart@tpsoatmd ofttiie lehs-fbheinget hod
of claim12, "wherein the | ens-form ng nateri al aargé)lg{r)‘om ti onwﬁqgabl e of

f or mi ng maleTipl RAnEHAIeS dHte SRACHRRIVAGN g‘eﬁ%@ﬁ'%ﬁ'ﬂ PEHERes

tenper at 4o %arﬁélly‘%ﬁ%@hp?e@@y He CHIGBE film #8m the endimihd ecHade. cl ai m 18,
wherein step Is perforned at roomtenperature. 20. The nethod of claim
14, further conprising, between steps (d) and (e), a step of soaking the
colored filmfor a period of time sufficient so that a portion of the

| ens-form ng material penetrates into space between the colored film and
the nol ding surface while detaching partially or conpletely the col ored
filmfromthe nol ding surface.



