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hydr ogel contact |enses nust allow oxygen to diffuse through the lens to
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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 to
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



VI SION), becone nore and nore popul ar because of corneal health benefits
provi ded by WO 2006/ 024520 PCT/ EP2005/ 009389 -2 their high oxygen

permeabi | ity wodogenknrt. However, few nethods have beepcggpRbHmReds f or
maki ng col ored silicone hydrogels contact |enses, in particular,

made-to-order (MO or custom zed col orgd silicone hydrogel contact |enses.
MIO or customi zed colored silicone hydrégel contact |enses, which are
typically nade by directly lathing, can match a patient's prescription
and/ or have a base curve desired by the patient. Therefore, there are needs
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silicone hy contact lens; applying-a color coat to at least a portion
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at | east one'rmedf&éﬁtnéreamh@ds'fdrbme:da@rmmingim oadugiomizeb colo@d silicohdr i Ng t he
col ored coathto florF'n g\;cosl ored filmwhich is in contact with the nol di ng
surface but ydgogﬁocto REVel Slsﬁtly attached to the nolding surface; filling the
mold with a lens-formng fluid material conprising at | east one

silicone-containing vinylic mongiRiaRY oFBRHENRENTRBRN at | east one
hydrophilic vinylic nongoner; letting the lens-formng nmaterial to soak the
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the bonnet of sur {Cai ni ng
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least one hydrophilic vinylic monomer; letting the lens-forming material to soak the colored
film for a period 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



The present invention, in another aspect, provides a nethod of naking

col ored silicone- hydrogel contact |enses, the nethod conprising: providing
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intended as limt spects o
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. It is 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



present Invention. Unless defined otherw se, all technical and scientific
ternms used herein have the sane neaning as commonly understood by one of

ordi nary ski lWwoh#vshfagewart to which this invention bel opggmpiseiiRbad!y, the
nonencl ature used herein and the | aboratory procedures are well known and

commonly enployed in the art. Conventi on_ahl_ nmet hods are used for these

procedures, such as those provided in the art and various general

ref erences. Where a term WO 2006/ 024520 PCT/ EP2005/ 009359 -4 is provided in
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refers to the surface of the l|ens that faces towards the eye during wear.
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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, Wild 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 "colored coat" refers to a coating on an object and having a col or imge
printed therein. A "colorant” neans either a dye or a pignent or a mxture

t hereof that weomseshsioco print a color image on an arti Glcgmpdisd9iae1024520
PCT/ EP2005/ 009389 -5 "Dye" means a substance that is soluble in a solvent
and that is used to inpart color. Dyes _gre typically translucent and absorb
but do not scatter |ight. Dyes can cover both optical regions of contact

| enses and non-optical regions of contact |enses. Nearly any dye can be
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principle of diffuse scattering and its color is independent of its
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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 aqueous 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.1. is the color index no.),
without limitation, for a blue color, phthalocyanine blue (pigment blue 15:3, C.1. 74160),
cobalt blue (pigment blue 36, C.I. 77343), Toner cyan BG (Clariant), Permajet blue B2G
(Clariant); for a green color, phthalocyanine green (Pigment green 7, C.l. 74260) and



without Iimtation, for a blue color, phthal ocyanine blue (pignment blue
15:3, C 1.74160), cobalt blue (pignment blue 36, C 1.77343), Toner cyan BG
(Cariant), Reommpeisshl ue B2G (Cdariant); for a green eer@piodfdbdafl ocyani ne
green (Pignent green 7, C. I. 74260) and WD 2006/ 024520 PCTI EP2005/ 009389 -6
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conprised of single or multiple thin layers of netal oxide. Optically thin
coat i ngs appA fpedridsoent pigemept’ adferk &t sclassruf intdietence (effectf mgreerndis whicherd s, whi ch
all ows the i j ] j Liew ng
condi 11 ons. Gl g pelblof e nﬁ%‘ﬂisgﬂ?%%*?%%@ R A A bt
refractive idatef wiharticaly tingpatingfof a high rafiastive didex msteriglde-oy mekdl pxidb a¢mgs are
al so r esponsishiopexaniple ttiiurh bllle SI8RA oBtiOSEE Hidhambartlstiornfaihadsbdon R | ection

f d tral t 1. SSi. t h_, the m | at el ets.. Thi f
o oo e B PR Rt 84 o el iy Bt ol prlhe s,
pi gnent s whi @mpédses afsingle pt mukiple thin laydré ofanetaoxide. Quiiadllytign evatingsoappiiedcioal | y

avai | abl e frtﬂgblgﬁleﬁl%ggig%ﬁ?ﬁe?%n@?reﬁ’ect%tcvhﬂcﬁ ﬁﬁ&m%g?%péeana%%?ﬁg&%?%%ndh@a” in

Pignment" |ine, such i -1 nterference _ ] [
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mat eri al which can absorb at | east 10 percent by weight of water when it is

fully hydrated. Gener_alqli%/, a hydrogel material is obtained by pol ynmerization
or copol ymerfeagescent Rigmexts Whighsre Byira piajelets With prp eXigasiogtng are porpRarcisiesence of

or In the absem®er froaf byard Ehylemad CoMNeINSis, N Curieler thB.C MeamK 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.



A "silicone hydrogel"” refers to a hydrogel obtained by copol ynerization of a
pol yneri zabl e conposition conprising at |east one silicone-containing
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2006/ 024520 PCT/ EP2005/ 009389 -7 "Hydrophilic," as used herein, describes a
material or portion thereof that will more readily associate with water
than with lipids. A "lens-formng material" refers to a polynerizable
conposition (or formulation) which can be <cured (i.e., polynerized and/or
crosslinked) thermally or actinically to obtain a crosslinked polyner. As
used herein, "actinically" in reference to curing or polynerizing of a
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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, styrenyl, or other C=C containing groups.



-$ A "hydrophilic vinylic nononer", as used herein, refers to a vinylic
nmononmer which is capable of form ng a honopol yner that can absorb at | east
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noted or unless testrng 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 Irgacure® 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.



reaction by the use of heat energy. Exanples of suitable thermal initiators
include, but are not limted to, 2,2 -azobis (2,4-dinethyl pentanenitrile),
2,2' -azobi s (Weopwshabpr opanenitrile), 2,2'-azobis (2-mpthxblvgdsnenitrile),
per oxi des such as benzoyl peroxide, and the like. Preferably, the thernal
Initiator is azobisisobutyronitrile (AIBY. The term"fluid" as used herein
indicates that a material is capable of flowwng like a liquid. An
"interpenetrating polymer network (I PN)" as used herein refers broadly to an
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transport [ nQMR&dd 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” wili 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
(0.020 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)



A = area of |lens exposed [mMR2] D = lonoflux D ffusion Coefficient [mMm2/m n]
do = concentration difference [noVL] dx = thickness of lens [mm] An | onofl ux
Di f fusi on CoeWbp@sensio D, of greater than about 1.5 x 10&Tmeidbsnonssh S
preferred, while greater than about 2.6 x 10-8 mMm®2/min is nore preferred
and greater than about 6.4 x 10'6 mm2/mg-is nost preferred. "Room
tenperature” (or "anbient tenperature”) is defined as 223C. The term
"lathability" in reference to a material is referred to its capability to be
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than one T;. As long as a microscopically multiphasic polymeric material has a T, 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 polymeric button obtained
by cast-molding or spin-casting from a lens-forming material in a mbld, 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 {athing. 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.



The invention is related to a nethod of making col ored silicone-hydrogel
contact lenses, in particular, MO or custom zed col ored silicone hydrogel
contact | enses0206/m3sdaod of the invention conprises thecskepss@isse provi di ng
a nold for nolding a bonnet, wherein the nold includes a nolding surface
with optical quality, wherein the nolding surface defines one of the
posterior and anterior surface of a silicone hydrogel contact |ens; applying
a color coat to at least a portion of the nolding surface of the nold with
an ink, wherein the ink conprises at |east one colorant and a
silicone-containing polynmer binder; curing the colored coat to forma
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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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the pi gment Sonpgatiscent Pigmen (ﬁ)ioarg? P'ir‘l*fﬁﬁmycﬁ'?,"”%'ﬁﬁ@”s an¥mley I8 #ZatlidpIer st r ongl y
i nfluence fipaatiegpnessaaaean bb bloumpintolsinglier pagioles. AR Mgnbr of Miedhodie §AGWN
i aht 1 ead (b REFaToS dera ST Ml Blareay P el S Rl ot fon of
pl atel ets, pignest'spartiggysizenineleds high spaedimixerst KddytMillsdroterstaterdisp&sioadevice),i on of
metal  oxi de,cofRiTRS hoMBgerliZehy M RidiZeR, &hdiators, ultrasonic mils, roll mills, ball mills,
roller mills, vibrating ball mills, attritors, 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 gentle 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.



aggl oneration will reduce pearl escent effects. WO 2006/ 024520
PCT/ EP2005/ 009389 -13 I n accordance with the invention, a
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hydroxyl -OH, amno -NHR (wherein R is hydrogen or C, to C8 al kyl),
carboxylic acid -COOH, epoxy, am de - R, 1socyanate, peroxy, perester,
anhydri de, al koxysilane, silanol, acetoxysilane, silanes, halosilane, and
conbi nations thereof. The ink may or may not contain an adheS| on pronoter,
I argely depéhamqgiame withdhe ippentign, asiligens-¢ontaininodingeprqiynessheuld eqmprisene-
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nold with DO lepoenarmide ctDONHR, isocyanhteypeooxy guerestercarhygride palfaxysitase,c ol or ed
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si |l i cone-contal ni ng pol ymer are et ni cal functio
deri vat i ves cgptaigianjadegsiondyieraeter [aepelysiepensing qqé'iﬁ e pferreatinkable geupyefa  gr oups.

The term' et&u&r@nb@r@dlﬂ"yg EBan&?bW@thb@dsed&lS used herein is intended to
descri be the introduction ethylenically unsaturated groups into the

silicone-containing polynmer. The silicone- containing polyner to be
et hyl eni cal |Whédre thetsilicoretdoptbhingingkpefyaeaiplap ink coopdsesrathyienmtliyomsguatkdct  of a

pol ymer i Zab' ?#@QQP '%%;él'h%ile d}@uﬁ‘sha &4 &b&?ﬁmﬁﬁ% i nehm% s%ﬂé‘cem{grn%‘i’d‘éw'u{ ¢

vinylic bne unctlon vinylic nononer
cont ai ni ng éhe'ﬂéaéﬂbwdd@?fﬂﬁmmaleY@ﬁ%{m geipdfime Thgre jeqoinped bragt ed from

t he @J(r]I OUp CQidRbsidn piémeter. ByaHisIe/df sG%lﬁd@?ne(coﬂd)mng HMdeRpslymértrd\ath@érmsany (- NH2) ,
secondary a O P .car no | C rou - 0 [ Oups,

o+ denyae. or dupSorbiidRRntaihd o o SRR hna e e nc BRI NBR 2 o
C, Br, or I[The térmdethylengedinfinetiqpelized’'sas usstbhsrein it intepdediup describg the intrgdustips (- X,
X=d, Br, gfg }nem@aﬁuy HnaRlpyds g%ﬁpﬁhfa%bssmcaﬁ%&u@armﬁgrﬁyn%?Sfrﬁe*é%&%f and (c)

at |east one ['i cohe- cont ai vinylic_ mononer or macromer
pol y ner i zabl Cé’”"étﬁﬁ*ﬁ G8yMeiA be &HW&P@@J'Y f‘r‘ﬂ?&‘?'\?ﬁ?@dé"‘ Ryefletablyia cPRelyBeriZAtion F?"%Fi‘@?

(i.e., a phat alpalymwa‘aale ceﬂhp@slttohﬁm%ti cdﬁptuédsé(ﬁm)eas@nscwmmnmndﬂ is
pr ef erably the so t.r ials;

B o ear G 1SR B 558 855 1o alatS e et ARy RIS Ao car v e
out by reactfumgonahgrogps, ptetmabncmeeadmongh@glloyprewnswnmgmofdmdremgnogm Ee&H)y

functionali Zld H\gwagﬁgg I'MB Np@npgcbﬁfa'ﬁy Hino blyg (e_m_jggl Ja)bo%;ﬂr%@?d&[:@t ed group

and a group Cagalb-ll),eepgxy Jrgtﬁ)%t elﬂg gny\cli\é g.t,:rgu;;sh(-e-ollc-l%?,catrr%lé)eng}‘loups (—CBNHZ) acid halide
groups (—COX, X= Cl, Br, or I}, 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 polymerizable 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-bromoethylmethacrylate, and methacrylic anhydride.



the silicone-containing polynmer to formcoval ent |inkages, as known to
person skilled in the art. Exanples of preferred ethylenically
functional i ziwg2agens® i ncl ude, but are not limted to, PCT/EP2005/009389

gl yci dyl net hacryl ate, glycidylacrylate, 2-isocyanatoethyl nmeth-acrylate
(EM, N hydroxynet hyl acryl am de (NHNA) acryl oyl chl ori de,
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2- br onoet hyl net hacryl ate, and nethacrylic anhydri de. WD 2006/ 024520

PCT/ EP2005/ 009389 -14 Where the silicone-containing binder polymer in an
i nk conprises al koxysilane, silanol, acetoxysilane, silanes, or halosilane
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hal osi | ane group and (B) a vinylic nononer free of grou ps ~ coreactive with
the | atent (ﬂbmﬂlbﬁﬁ%'yé‘eﬁi"ﬁ%ﬁ pB’V‘“ﬁ%B'ﬁﬁFXt'('AFC’mF"&'"Q RuFPndic mengwEY ner i zabl e
m xt ure confHavig &dtént pobylinkiblezgblrseiateasiomahegoup ednsiatygsoflatdogysilameipound and

a vinylic gel v I

thermally or q%@rr ni c)é}lgr)a% Sﬂg'régr‘ﬁﬁhgy"grﬁ%?g gta%rr;at)ar iid Pc m%noc%%r%ggér g,ﬁ&’.ﬁ wth
al koxysi | anecomactnfna\mbsher latmet oressiinseble group ofknoromieat)e gr oups. Exarrpl es of the
pol yneri zabl e aI koxysi | ane conpound i nclude, but are not limted to:

met hacryl oxy I trr nmet ho il ane, net h cr | et hyl di net hoxysi | ane,
met hacryl ox;/? mple, ﬁé’f’WV'P r?dwgrercawens ?ﬁ%ﬂ%@g ?/B%‘?ﬁ}’r@er?r@!m&a}a;\er ane,
met hacr yl ox ycrbhipythndrmu yinglicxhbraxnes tisoueactive hydrogen atoms can be copolymetized

met hacryl Othﬁérp)Xrl)P(rr EE&J&%I:?H?&W& éiric%ng-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, methacryloxyethylmethyldimethoxysilane,
methacryloxyethyldi-methylmethoxysilane, methacryloxyethyltriethoxysilane,
methacryloxyethyl-methyldiethoxysilane, methacryloxyethyldimethylethoxysilane,
methacryloxy-propyltrimethoxysilane, methacryloxypropylmethyldimethoxysilane, methacryl-
oxypropyldimethylmethoxysilane, methacryloxypropyltriethoxysilane, methacryl-
oxypropylmethyldiethoxysilane, methacryloxy-propyldimethylethoxysilane, styryl-
ethyltrimethoxysilane, and 3- (N-styrimethyl-2-aminoethylamino) propyitri-methoxysilane
hydrochloride. These compounds may be used alone or in combination as a mixture of two
or more of them.



met hacryl oxy- propyl tri net hoxysi |l ane,

nmet hacr yl oxypr opyl net hyl di net hoxysi | ane, net hacryl -

oxypropyl di mwwdnylosresroxysi | ane, net hacryl oxypropyl tri et bowgEShdsaIBs9

met hacryl - oxypropyl net hyl di et hoxysi | ane,

met hacryl oxy- propyl di met hyl et hoxysi | ane,qgstyryl - ethyltrinethoxysilane, and
3- (N-styrlnethyl-2-am noet hyl am no) propyltri-nmethoxysilane hydrochloride.
These conpounds may be used alone or in conbination as a m xture of two or

nore of the i 0 : .the
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3- et hacry lupEBR/RRYErsHyIIh SRIcRIbrsIgR, i Weth@dioxyethyltri-chlorosilane. _

met hacryl oxyet hyl'tri-chl orosil ane. Exanples of a vinylic nononmer w thout
active hydrogen atons include a N-vinyl heterocyclic nononers, such as
N-vi nyl - 2- pBxaraplesofraevinylidfiRdnontgr witihoud Betize khydrogenraydmsdndieiess Nvinglhetesoaytiey |

et hyl ether; 3 : . hC : ' Ldynguch as
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t-butyl st yreiksthay Gnip Capliiy gelesof astylihorqaethagryig peid sHelt asrmethy mefhasplaigicet at e;
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to OB al kyl VE¥chlolidg,in é’&V{};ﬁeu % AeRR RAPSTP e ] P fe N NalEY hoxy et hy |

met hacr yl at émethaCididesor aeylanidyp eapyN, Natimsthyh aaylamide $@MAD o€l so Gay be used
alone or in } I ) ‘ s eﬁ\@m}n a
silicone- cor?tg(g%ﬁgblﬁlgﬁ\(qee?éggfgangl%%rﬁ]eg%cgyﬁ%céﬁéﬁ%@iagggog ossl Fénﬁeg‘glﬁte_e gr oups
sel ect ed fr dRPEMA) Grsthoxwseiy adrylalg: Uiesh PapYmsrs mgy Beipsed@lpne srinfompingtion - NHR
(wherei n R iag a rixtoie@g &vd o inokelofttieent.d al kyl ), carboxylic group - COON, epoxy
group, am de group -CONHR, and conbinations thereof, it is preferably that
an adhesion pronmoter is included in the ink. One exanple of

si | i cone- coNYhersma silicope-coainipg bipderpslymaninias ink comptisep seasslinkatiliogroppoduct of a
pol yrer i Zab!saeglte&frbm the d?&lp%]baafn i hycidxyll DI Gt QRN & gw.é?éf.h RYs

monomner; (i) east one unctional i zi'ng vinyl1c nononer contalning at
| east one f GHFPIBYPEC i Caahyl efaEhaxdig UG, egPEs oo ABIde @ravg ~HONHRIr oxy|
group -OH, and Bemighations théfebt, i wpesteiably that an Aghdsiog prometer (Slinclddad (FBthalnky | ) |

carboxylic (FOH_' 0 [ ] [ -(:g\l,—lR and ¢ i pations
t hereof; an n%:élg"f“?p% ﬁ'"é:gs '@éﬁ%'%&ﬁ?dggﬁggrﬁ%r%f % N hE \9|VH’§T'$E‘6'9%‘R§FFEPP r
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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 (jii) 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 siloxane-containing vinylic monomers include, without limitation,
methacryloxyalkylsiloxanes, 3-methacryloxy propylpentamethyidisiloxane,
bis(methacryloxypropyl)tetramethyl-disiloxane, monomethacrylated polydimethylsiloxane,



a photoinitiator or a thermal initiator), a chain transfer agent, and a

sol vent. The polynerizable m xture can also include a polynerization
initiator (i.wogzoosoRktoinitiator or a thermal initiat@gEpRoSRddent whi ch
is preferably the solvent used in an ink, and a chain transfer agent. The
pol ymerizable m xture can optionally include a hydrophobic vinylic nononer,
for exanple, such as, 2-ethoxyethylnmethacrylate (EOEMA). Exanpl es of
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Macromer A, Macroner B, Macroner C, and Macroner D described in US

5,760, 100. Nearly any hydrophilic vinylic nonomer can be used in the
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met hacr y| am b &CYideh 8rd aihagviaies-reliagides mathagyiamidey foyep allyhacrylamides and -
hydr oxyl - subféthdonflamidés, einexylated deyyigtecdnyl neethatesates) bydrongl-dubstityted (lowike s
hydr oxyl - subsj | X 3 i nyl S ot ' N nat e,
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2-vinyl 4,4 -r@-biﬁﬂwﬁ'o% RARlyl-Bpyrdlidhe, é’-Vim?MzdhnH,'MﬁMJ‘deé!k%xaz\ﬂﬁd?yJohé‘; ally
unsaturated carboxyli ¢ acjds havi ngﬁea oﬁqal of % to 5 carbon atons,
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hydr oxyet hylge N,N-dimethylacrylamide (DMA), 2-hydroxyethylmethacrylate (HEMA), hydroxyethyl

acrylate (HEA), hydroxypropyl acrylate, hydroxypropyl methacrylate (HPMA),

trimethylammonium 2-hydroxy propylmethacrylate hydrochioride, 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),
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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
polymerization 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
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Mul ti-functi o\r}ea lhe fcﬁl %8 g@&c%?re:%&%),,—ﬁg or (CH3CO),-Re. Multi-functional isocyanates have
the following structure: (OCN),-Ry. Melamine resins have the following structure: (HOH,C-
Mel),-Rg, where Melamine is

N_N_N
YT
Ny N

NHo
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)methane.
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such as isopr panof)@ surviving test. The finger rubbing test is perfornmed by
removi ng the hydrated contact |lens froma packaging solution, e.g., saline,
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failure of tdme invdferemstto a colored coat or an ink means that the colored coat (with a color
image) generated on the lens with the ink can pass at least a finger rubbing test, preferably
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 moiding surface of the mold is pretreated to increase its hydrophilicity
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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 include 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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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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ef fects); | edryifd aldrldiihy effdcts). . e€ase of formation of individual drops); good
adhesion to nedical devices; good transfer froma nold to a nedical device

made in the nold; and stabi I ity of ink In inkjet nozzles (mnimal drying or
crusting ef f‘©oftfer) 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.
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macr oner and menomesand af wthengerires pemponents imany suitaptersolvent kaewn talal pessohekillesesi r ed
conponents | iy AB¥n St éxﬁﬁvh%, POLAREhodd skl aBoveer son skilled in the art,

for exanple, including those described above. In accordance with the present
i nvention, any know suitable silicone-containing nacronmer, such as, for
exanpl e t hosén dicomiansarthethopresent tmerition, Esp Bndwosyitatee ailicons-obitaiiog mactomegnses.
Any known sui € SLlJ - W)l i | . or

exanpl e, t hoé?éapécféfsoz %%dg@o?@g%e\?@%ﬁdg%g%g&udééhb tﬁ %%?gg%rg% 3 g# ?ﬂ%tgﬁ%ng%st | enses.
Exanpl es of vy kegynesufighle gilisene-centaiging vievlie manemerpssieh e daf ekdyerle.dsge. 1 n a

preferred emygstiBBiibovd, daf BE ub&Y tBlpRPardBbR tortct lshsds. CONPOSi ti on capabl e of
formng a silicone hydrogel whi ch has a roomtenperature lathability, i.e.,

havi ng a predom nant glass transition tenperature (T9) of about 25C or
hi gher. | n a Bxamplepofesuitablecioydeophiticlmonothers areltieoss désribedaporat erial is a
sol vent-free polynerizable
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 (Tg) 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 “plending 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



conposi tion disclosed in a commonly assigned U S. patent application No.
60/ 583,994 filed June 30, 2004 (herein incorporated by reference. Such

sol vent free mpal2ponisz@ébl e conposition conprises (a) atpd@asbtosossse
silicone-containing vlnylic nononer or macromer or mXxture thereof, (b) at
| east one hydrophilic vinylic nonomer, agd_ (c) at |east one blending
vinylic nononmer in an anount sufficient to dissolve both hydrophilic and
hydr ophobi c conponents of the polynerizable conposition. A "blending
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pol ymeri zed to form a si | i cone hydrogel WO 2006/ 024520 PCT/ EP20051009389
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glass transition te ure of .a silicone hydr terial prepared by
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nononer. Exanples of preferred aromatic vinylic nononers include styrene,
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2,3,4,5, 6- uor rene enz . and
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vinyl i ¢ nononer erein d vinylic nononer |ng
cycl oal kyl whlyrane deg [U@’-’Qﬁ‘b@t"lsl'El?@G”‘B‘i‘aflyr?r‘%f@ffqdkﬁtké@“e@m@ﬁ“w fR%ﬂor"@f oups.
Preferred cycI oal kyl - containing vinylic nmononmers Include, wthout

cycl ohexyl o SRR REBEING TG FoterP BT B By oG SBTARHD ol
groups. Exanplgdoatikyl whiahfaan be dulosyitukeniddylup lto thoeetGriGaiaikyl groups! lPteferredl oyaimalkyl ncl ude
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
C-Cq alkyl groups. Examples of preferred cycloalkyl-containing vinylic monomers include
isobornylmethacrylate, isobornylacrylate, cyclohexyimethacrylate, 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,4 alkyl methacrylate (e.g.,
methylmethacrylate, ethylmethacrylate, propylmethacrylate, isopropylmethacrylate, t-
butylmethacrylate), methacrylonitrile, acrylonitrile, C;-C, 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.



i sobor nyl net hacryl ate, isobornylacryiate, cycl ohexyl nethacryl at e,

cycl ohexyl acrylate, and the like. Alens-formng material preferably
further inclutkesoevedser nore Tg-enhancing vinylic nononergeeseesed from
t he group consisting of acrylic acid, Cl-C4 al kyl nethacrylate (e.g.,

met hyl met hacryl ate, ethyl nethacryl ate, ppgpyl nethacryl ate,

i sopropyl met hacrylate, t- butyl nethacrylate), nethacrylonitrile,
acrylonitrile, Cl-CA4 alkyl acrylate, N-isopropyl acrylam de,
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structural integr ni cal stren n{;es CI 0SS- |n I ng
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met hyl enebi s bdlateyiEcPMahal ate or diallyl phthalate. A
preferred créd!eggE ngﬁﬁ{eﬁ%a‘%ﬁgmewas@gteyh(yGe%BlgI ycol di methacryl ate (ECDVA).

The amount of a cross-1linking agent used is expressed in the weight content
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enhance oxygen perneability. Initiators, | , selected from
materials welhf fq{ﬁ‘HWP"r'B'Eh*s‘l?d%trﬁ@"qer?f ?%éofﬁé!"?‘?r%‘f‘#‘fa{ﬁtﬂﬁ' Wil op Presgyt the

i ncluded in édmantecsggdrpenedpility. ui d nmaterial in order to pronote, and/or
increase the rate of, the polynerization reaction. Suitable photoinitiators

are benzoin nethyl ether, diethoxyacetophenone, a
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 benzoyiphosphine initiators
include 2,4,6-trimethylbenzoyldiphenylophosphine oxide; bis-(2,6-dichlorobenzoyl)-4-N-
propylphenylphosphine oxide; and bis-(2,6-dichiorobenzoyl)-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



benzoyl phosphi ne oxi de, 1-hydroxycycl ohexyl phenyl ketone and Darocur and

| rgacur types, preferably Darocur 1173(r) and Darocur 2959(r). Exanples of
benzoyl phosphivoeodskdseat ors i ncl ude PCT/EP2005/009389
2,4,6-trinmethyl benzoyl di phenyl ophosphi ne oxi de;

bi s- (2, 6-di chl orobenzoyl)-4-N- propyl phegyl phosphi ne oxi de; and

bi s- (2, 6-di chl or obenzoyl ) - 4- N- but yl phenyl phosphi ne oxi de. Reactive

photol nitiators which can be incorporated, for exanple, into a macroner or
can be used as a special nononer are also suitable. Exanples of reactive
photoinitiators are those disclosed In EP 632 329. The pol ynerization can
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di met hyl pentanenitrile), 2,2 -azobis (2-nethyl propanenitrile), 2,2'-azobis
(2-methyl - butanenitrile), peroxides such as benzoyl peroxide, and the |ike.
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t enper at ur e, sUrRBs clapddiBlistidsi (6.9. cordha v%t%ﬁéménaédrm tRatkd setdcbpsfehadingiasitied | sti cs

(e.g. corona versus non- coro a,trea ur he si e. sl ded

assenbl y andmﬁlgsag?%'?tﬁly ?’Wema% %W?e ﬁﬁ htg 'ﬁ?ﬂe@&g? r?&'&é?l% giirgglsg%e& “f'tgom l's
soaked with theleastfemingfroateriahprefesably forcdt lqasw mingtek,ymdre prefaraliletes at IBastilhiut es,
nmore preferablVieEQhd @Gen'n?%?bre?é?ablﬂoph&tl@a%t selinGign nore preferably for at

| east 20 m nutes. Curin a lens-formng material can be initiated
thermally or actini caIIy. The step of post-curing and/or drying is

preferably petdrgrofetknaformirlyi rodtedat caresedhitidted thbr@ally 6pertfidaly. such as, at a
tenperature of about 75C or higher. By having a step of post-curing and/or
drying, it is believed that residual unpolynerized nononers and/ or nacroners
in a bonnet Theesiemes postrautieg ansiiryiryingi is prafesabty pelfatmesiatt @ bigh tenipesgiprei foabl e can

be renmoved. ASmpHCBuch 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 lens-fon"nlng 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



t he hardness of the resultant polynmer is increased so that the lathability
at roomtenperature of the resultant polyner is achieved. The drying of the
resul tant pol womosmaz2de further facilitated by carryi ngtidpadsboogo a high
tenperature and under reduced pressure. Post-curing of the resultant polyner
can al so be facilitated by adding a highoyenperature initiator, which Is
activated only at elevated tenperature (i.e., above curing tenperatures in
the step of curing to formbonnets), in the lens-formng fluid nmaterial. By
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Durazo and Myrgan I n 99 s used I n the invention.
Exenpl ary pr QP'@W’&&I""P&W%'%%‘Q?%W”F ﬁel“l.?d%o ang} §0) Bauing asifor ’Qtpieéﬂ'cﬁrﬁﬁ’é’rl cally
control | ed | rkihes skivoetddheeht ech, Inc., for exanple, such as Optoform
ultra-precision | athes (nodels 30, 40, 50 and 80) having Variform

pi ezo-ceram ¢ fast tool servo attachment. The invention will allow MIO or
cust om zed siTihd ipeandorhyitl playeMTO oncustonitedisiliperieriydigge! hengesswith-printed iageswon| ens
surfaces to &%WMa@é th 86 Bﬂoﬂﬁbe@tby Taﬂﬁf& a{t‘?éﬂﬁ?feﬁffpwaﬁxre @él%@gm&]nb' cone

hydr ogel | enses dproduce accordin Invention wll be useful as daily
wear | enses &yf#rgeligrses geguggspocerd! gg.;sthe *FM%!“’P%W@@E ugipfHl as delyopas lengesandon or
enhancenent efteraief) abardarises. Elyelenses Wiirallow bitesation vt ehHaacentsnoofd pasibiet eyt h one
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opaque. In a S cou rost | ens
The process ﬂr@mng)wlct beotieat gr epagre-ningdditiemthe lenspopuld alm usad pa presiipld r es ul t

in 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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of the anter t he ontat rein the
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post - curing and/ qor yln? bonnet fo
time sufficient fong to increase the Iathabmty 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, isocyanats, 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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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 Dibutyltindilaurate (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.
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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-perfluoropolyether-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
meq/g of methacryl groups are found (theory 0.34 meqg/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
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Example 4
A photocurable ink is prepared by mixing 22.64 grams of the binder poymer A with 1.38

grams of PCN-green, and 0.0581 grams of Irgacure 2959 dissolved in 1.5 grams of ethyl
acetate. The ink has a Brookfield viscosity of about 680 cps at 25°C.

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 itis 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.
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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). Clearly, this material will be glassy and lathable at room temperature
based on its glass transition temperature.
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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
sufficiently 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 C; to Cg alkyl), carboxylic acid -COOH,
epoxy, amide -CONHR, isocyanate, peroxy, perester, 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.



ethylenically unsaturated groups. 4. The nethod of claim3, wherein step (c)
is carried out by heating or by actinic radiation. -34- 5. The nethod of
claim 2, wherein the silicone-containing binder polyner conprises pendent
crosslinkabl e groups selected fromtBg-group consisting of al koxysil ane
groups, silanol groups, acetoxysilane groups, silanes groups, halosilane
groups, and com nation thereof. 6. The nethod of claim5, wherein step (c)
is carried out by noisture activation. 7. The method of claim2, wherein the
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silicone hydrogel contact lens; (b) applying a color coat to at |east a

portion of the nolding surface of the nold with an ink, wherein the ink
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pol ymer conprises segments derived fromat |east one hydrophilic vinylic
mononer Pigireate ¢ theraase te hydiophyiedy Prweltailily t he col ored coat to forma
colored filmwhich is not covalently attached to the nolding surface; -35-
(d) filling the nold with a lens-form n? fluid material conprising at |east
one si | fcdhe-reethedhiohicaim 2, wherein the lens-forming material is a composition capable of

forming a silicone hydrogel having a predominant glass transition temperature (T,) 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
macromer;

(c) optionally curing the colored coat to form a colored film which is not covalently attached to

the molding surface;
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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.

18. The method of claim 12, wherein the lens-forming material is a composition capable of



the colored filmfor a period of tinme sufficient so that a portion of the
lens-formng material penetrates into space between the colored filmand
the nol ding surface while detaching partially or conpletely the col ored
filmfromthe nol ding surface. -36-

forming a silicone hydrogel having a predominant glass transition temperature (T,) of about
25°C or higher.

19. The method of claim 18, wherein step (g) is performed at room temperature.

20. The method of claim 14, further comprising, between steps (d) and (e), a step of soaking
the colored film for a period 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.



