WO 03/ 040242 PCT/ EPO2/ 12402 1 I nk Formul ati ons and Uses Thereof The present
invention relates to an ink that can be applied by inkjet printing systens
to contawDBemees or to the nolds that will be used to nmeka/EPonimcL

|l enses. In the latter case, the ink printed on the nold surface would be
incorporated into the contact lens as _gonstituent nononers of contact |ens
are then added to the nold and polynerized. In either case, the resultant

product will be a contact lens to which colored ink has been applied. In
addition, the present invention provides a nethod for making the ink of the
present | on rephe present invention is related to a

met hod for making a colored contact | ens. BACKGROUND For cosnetic
purposes, contact |enses having one or nore colorants dispersed in the |ens

or printag Bﬁséﬁ!emk/@mﬁmafévaté@ t&“aﬁhmﬁf?tﬁ&%bn H@%@pn@pbprrﬂqbtqﬁmhﬁgtsyét@m%et@
enhance the natural beauty of or provide unj atterns on the

iris of qontachienses org}tr}grrgqidgéhatﬁwh b@d@ﬁﬁtt‘i’ @%St@@@ﬁ’s'e §e§ml‘nktge lafiex 1GagRy
rotati thggiﬁkﬁa ¢éﬁ/%s N NI KsurfRE ORBGE! e aRchbrp&rafasintd Ghe NiORRRE ens BEMD'

| enses I ke, which are of benefits to wearers, eye-care .
pract i t iconetitseninmonamersaet gerinet lepp @é@rtmry adged fipdie 1ol andtnohEnerizre. dht o

cont act é@@?%é?é nﬁ)‘.@'?é@u@dt%?&dud%‘ﬂm RN c?‘hta%f & ﬁ‘)grvhi%h édrcﬂ’ee%k %éfﬂ%ﬁ of

thsprln image is etc Into neta forma cliche. The
cliche |a3p|be®.cledadd1’ﬂ<a1 ghe mre$entdnwtlpn prodes anmethodt fiee r@alﬁl@&a ipki ofkiég by

ei ther ang&ﬁﬁ&ﬁe%l?ﬁ'#uﬁl%?ﬁhfé"tﬂg g?é's%thvgﬁtl&ylsq'e% &P i G Ror Shaihd'dl

across tHl I’'con e 1 nked 1 mage from
cliche aaubredamst&elrlenet he image to the cont act Iens The silicone pads are
made of a material conprising silicone that can vary in elasticity. The
properties of the silicone material permt the inks to stick to the pad
tenporarily and fully release fromthe pad when it contacts the contact

| ens. There are several disadvantages associated with using cliche ink
transf erBACKGROMND O col or contact |enses. This nmethod | acks consi stency.
Slight differences in the silicone pad can cause w de variation in inmge
quality, effecting dot resolution and color reproducibility. WO 03/040242
PCT/ EPOXck248@eti@purposes, contact lenses having one or more colorants dispersed in the lens

or printed on the lens are in high demand. These colored contact lenses enhance the
natural beauty of the eye, or provide unique patterns on the iris of the wearer, or provide
non cosmetic patterns or marks, such as rotation marks, inversion marks, product/brand
codes, lot numbers, “DEMO” lenses, and the like, which are of benefits to wearers, eye-care

practitioners and manufacturers.

Presently, methods of printing inks onto contact lenses involve cliché ink transfer printing. A
typical example of this printing follows. Animage is etched into metal to form a cliché. The
cliché is placed in a printer. Once in the printer, the cliché is inked by either an open inkwell
doctoring system or by a closed ink cup sliding across the image. Then, a silicone pad
picks up the inked image from 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 the contact lens.

There are several disadvantages associated with using cliché ink transfer printing to color
contact lenses. This method lacks consistency. Slight differences in the silicone pad can

cause wide variation in image quality, effecting dot resolution and color reproducibility.



Further, nultiple color layering is difficult and time consum ng. Further
still, the design and printing process using this nethod is slow. After an
i mge i s WoloBy4atesi gned, it can take about two weeks bef @ce/mPhai24hrage i s
etched onto a cliche. The set-up is painstakingly detailed and | engthy
when nore than one color is going to beprinted on the lens using this

nmet hod. The difficulty and slowness of this printing nmethod inhibits

busi ness strategies, mnmmking it difficult to offer consuners a chance to

design a rint the| own contaci |lenses at the nt ur chase.
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char act erubstesistant,ssmoatic,caid hedithwefety.nan about 50 centi poi se (cps),
preferably | ower than about 15 cps; a surface tension of from about 20
MV mto about 60 NMNYmp a particle size of |less than about 5 gm prol onged
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4,857,072, 5,272,010, and 5,414,477. Such inks known in the art are either incompatible
with currently-available inkjet printing systems or incapable of producing a high quality color
image on a contact lens when using an inkjet printing system.

Therefore, there are needs for inks suitable for printing a high-quality color image on a

contact lens using an inkjet printing system. There are also needs for methods for making
such inks.

SUMMARY OF THE INVENTION

The inks of the present invention address at least some of the difficulties in the prior art.

In one aspect of the invention, an ink comprises a solvent, a binder polymer, a colorant and
optionally a crosslinker. The ink of the invention has one or more of the following
characteristics: a viscosity lower than about 50 centipoise (cps), preferably lower than about
15 cps; a surface tension of from about 20 mN/m to about 60 mN/m; a particle size of less

than about 5 um; prolonged stability (i.e., stable for at least 4 hours, preferably at least 8



preferably at |east three weeks); an appropriate color level (visible by
eye); uniformdrop formation (i.e., no "coffee stain" or "donut" effects);
j et stabiwpDtog/ofizae. , ease of formation of individual drop€x/EPgodoadhesi on
to medi cal devices; good transfer froma nold to a nmedical device nade in
the nold; and stability of ink in inkjetgnozzles (m nimal drying or
crusting effects). In another aspect of the invention, a nmethod for making
an ink of the invention conpri ses grinding a pi gnent in al iqui d m'xture
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DESCRI PTIe(f]ycg? THE PREFERRED EMBODI MENTS I n general, the present invention
is directed to an ink useful for printing a color image on a nedi cal
device, preferably for producing colored ophthal mc | enses, nore preferably
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

In general, the present invention is directed to an ink useful for printing a color image on a
medical device, preferably for producing colored ophthalmic lenses, more preferably for
producing colored contact lenses.

A “medical device” refers to a device having surfaces that contact tissue, blood, or other
bodily fluids of patients in the course of their operation. Exemplary medical devices include:
(1) extracorporeal devices for use in surgery such as blood oxygenators, blood pumps,
blood sensors, tubing used to carry blood and the like which contact blood which is then
returned to the patient; (2) prostheses implanted in a human or animal body such as
vascular grafts, stents, pacemaker leads, heart valves, and the like that are implanted in
blood vessels or in the heart; (3) devices for temporary intravascular use such as catheters,

guide wires, and the like which are placed into blood vessels or the heart for purposes of
monitoring or repair; and (4) ophthalmic lenses.



"col ored contact lens" refers to a contact |lens (hard or soft) having a
color image printed thereon. A color inmge can be a cosnetic pattern, for
exanpl e, wWoios/0ki2kr patterns, WLD EYE TM patterns, made-t @Cormper/124MIO)
patterns, and the |ike; an inversion mark that allows a wuser to handl e and
insert easily a contact lens, for exanphe, a FRESHLOOKTM contact |ens
(CIBA Vision); or contact |enses stock keeping units (SKUs), for exanple,
either in forms of nunbers or as bar codes. A color imge can be a single
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The present invention is related more specifically to an ink for inkjet printing of a color image

on an ophthalmic lens, preferably a contact lens, or a mold for making a contact lens.

The ink of the present invention has a surface tension of from about 20 mN/m to 60 mN/m.
The surface tension of an ink is a good indicator of drop spreading. The ink must spread
and diffuse into the surface when it hits a contact lens or a mold for making a contact lens.
The more a drop spreads, the lighter the dot color appears. Preferably, little spreading

should occur to maximize color intensity and minimize multi-drop coalescence.

The surface tension of an in ink needs to be optimized for a given surface to be printed
thereon. To minimize spreading, a hydrophobic surface needs an ink with a high surface
tension, while a hydrophilic surface needs an ink with a low surface tension. The surface
tension also affects jetting properties. An ink having a high surface tension can have a hard

time jetting properly and would be more difficult to form drops (jet stability), especially drops



contact lens or nold. "Coffee stain appearance” or "coffee stain effect"”,
as used herein, neans that a color dot on a contact lens or a nold has a
peri pher awoedgen2bavi ng a dark color and the interior areaPCh@ponge4bi ght

col or. "Donut appearance"” or "donut effect”, as used herein, neans that a
color dot on a contact lens or a nold hgs a light-colored or colorless

central zone surrounded by a dark-colored annular zone. It is discovered
that an ink having a surface tension of fron1about 20 MV mto 60 nﬁvn1can
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sui t abl e cortaoslens-or mekhnpl e, for an aqueous based i nk, the surface tension
can be decreased by adding surfactants or a water m'sci bl e co-solvent. A

person skilled in the art will know how to adjust the surface tension of
an ink. Toeftédamlagpardiceserticoifey el @macw 89 uB&s hévelt, Hfedpk iat@f cort dot on
centipoise or less. In order for an ink printer to jet an ink, the
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preferred e iment of the ink viscosity is 15 centipoise or |ess. The ink
of the present invention also has good adhesion to a nedi cal device,
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sterilization-surviving test WO 03/ 040242 PCT/ EPO2/ 12402 6 The fi nger
rubbing test is perforned by reaning the hydrated contact lens froma
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tension of from about 25 mN/m to 60 mN/m and more preferably has a surface tension of

from about 30 mN/m to 55 mN/m.

The surface tension of an ink can be adjusted by any known suitable means. For example,
for an aqueous-based ink, the surface tension can be decreased by adding surfactants or a
water miscible co-solvent. A person skilled in the art will know how to adjust the surface
tension of an ink.

The ink of the present invention also has a viscosity of 50 centipoise or less. In order for an
inkjet printer to jet an ink, the viscosity of the ink is required to be less than 50 centipoise. A
preferred embodiment of the ink viscosity is 30 centipoise or less. A more preferred
embodiment of the ink viscosity is 15 centipoise or less.

The ink of the present invention also has good adhesion to a medical device, preferably an
ophthalmic lens, more preferably a contact lens. As used herein, “good adhesion to a
medical device” in reference to an ink means that a color image printed with the ink on a
medical device can pass at least a finger rubbing test, preferably pass the finger rubbing
test and a sterilization-surviving test.



Production of nedical devices including contact |enses always involve a
step of sterilization, such as autoclave, or irradiation with UV |ight,
X-ray, orwoOhe/ohi2ke. "Passing a sterilization- surviving tesStT/EPOBE#E2t hat no
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sterilization. For exanple, an autoclavg-surviving test can be performed by
renmoving a sterilized contact |ens froma packaging solution, e.g., saline,
and inmmersing it into a vial of methanol. The vial containing t he’ hydr at ed
contact |l ens and nethanol is sonicated for 30 seconds using a standard
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mold to a medical device. A “good transferability from a mold to a medical device” in
reference to an ink means that a color image printed on a mold with the ink can be

transferred completely onto a medical device cured in that mold.

In another preferred embodiment, the ink of the present invention is stable for at least 4
hours. More preferably, the ink is stable for at least eight hours. Even more preferably, the
ink is stable for at least two days. Most preferably, the ink is stable for at least one week or

for at least three weeks.

“Stable” in reference to an ink, as used herein, means that no liquid phase separation
and/or pigment precipitation and/or increase of viscosity occurs over a specific time period.

A stable ink can provide more flexibility in producing colored ophthalmic lenses.

The ink of the present invention typically comprises a solvent, a colorant, and a binder

polymer.



but yr ol act one, ethyl ene dichloride, isophorone, o-dichlorobenzene,
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polyethylene glycol, polypropylene glycol, amides, ethers, urea, substituted ureas,
carboxylic acids and their salts, esters, alcohols, organosulfides, organosulfoxides, sulfones
(such as sulfolane), alcohol derivatives, carbitol, butyl carbitol, cellosolve, tripropylene glycol
monomethyl ether, ether derivatives, amino alcohols, ketones, N-methylpyrrolidinone, 2-
pyrrolidinone, cyclohexylpyrrolidone, hydroxyethers, sulfoxides, lactones, polyelectrolytes,
methyl sulfonylethanol, imidazole, betaine, and other water soluble or water miscible

materials, as well as mixtures thereof.

A preferred embodiment of the solvent is water, water mixed with one or more co-solvent,
alcohols, glycols, ketones, esters, methyl ethyl ketone, cyclopentanone, and
cyclohexanone. A more preferred embodiment of the solvent is water, water/ethanol,
water/isopropanol, water/glycerol, water/diethylene glycol, cyclopentanone, and

cyclohexanone.

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

color image on an article.
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“Pearlescence” means having a pearly luster; resembling a pearl in physical appearance; or

having a nearly neutral slightly bluish medium gray color.

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. For this reason, it is preferred that pigments are located in non-optical regions of a

contact lens.

A pigment can be a fluorescent pigment, phosphorescent pigment, pearlescent pigment, or
conventional pigment. While any suitable pigment may be employed, it is presently
preferred that the pigment be heat resistant, non-toxic and insoluble in aqueous solutions.
Pigments may include (based upon the color index name), without limitations: PY1, PY3,
PY34, PY35, PY37, PY40, PY53, PY 65, PY83, PY95, PY97, PY108, PY110, PY120,
PY138, PY 139, PY150, PY151, PY153, PY154, PY175, PY184, PR60, PR83, PR88,
PR122, PR171, PR176, PR177, PR202, PR264, NR4, NR9, PV11, PV19, PV42, PB15:1,
PB15:3, PB15:6, PB16, PB17, PB27, PB28, PB29, PB33, PB35, PB36, PB60, PB72,
PB73, PB74, PBk1, PBk6, PBk7, PBk8, PBk9, PBk10, PBk11, PBk19, PBk31, PW4, PW8,
D&C Blue No. 6, D&C Green No. 6, D&C Violet No. 2, carbazole violet, phthalocyanine
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are 3 microns or smaller. More preferably, a pigment is less than one micron. Larger
pigments can be ground into smaller particles to reduce potential clogging. Preferred
methods of reducing a pigment’s particle size include high speed mixers, Kady Mills, colloid
mills, homogenizers, microfluidizers, sonalators, ultrasonic mills, 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 general, dyes may not provide a highly opaque print that pigment can provide.
Preferably, a colorant in an ink of the invention comprises at least one pigment. A colorant
also may be a mixture of two or more pigments, which in combination provides a desired
color, since any color can be obtained by merely mixing two or more primary colors
together, As defined herein, "primary colors" mean cyan, yellow, magenta, white, and black.
A colorant may also be a mixture of at least one pigment and at least one dye. A person

skill in the art will know how to select colorants.
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group; carboxyl group and a sulfo group are covalently bondable with hydroxyl group; a
mercapto group is covalently bondable with amino group; or a carbon-carbon double bond

is covalently bondable with another carbon-carbon double bond.

Exemplary covalent bonds or linkages, which are formed between pairs of crosslinkable
groups, include without limitation, alkane (carbon-carbon single bond), alkene (carbon-
carbon double bond), ester, ether, acetal, ketal, vinyl ether, carbamate, urea, amine, amide,
enamine, imine, oxime, amidine, iminoester, carbonate, orthoester, phosphonate,
phosphinate, sulfonate, sulfinate, sulfide, sulfate, disulfide, sulfinamide, sulfonamide,
thioester, aryl, silane, siloxane, heterocycles, thiocarbonate, thiocarbamate, and

phosphonamide.

Exemplary crosslinkable groups include, without limitation, hydroxyl group, amine group,
amide group, sulfhydryl group, ~-COOR (R and R’ are hydrogen or C to Ce alkyl groups),
halide (chloride, bromide, iodide), acyl chloride, isothiocyanate, isocyanate,
monochlorotriazine, dichlorotriazine, mono- or di-halogen substituted pyridine, mono- or di-

halogen substituted diazine, phosphoramidite, maleimide, aziridine, sulfonyl halide,
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bi nd or
polyurethanes, polyureas, or polyamides that have at least one crosslinkable group.

“Hydrogel” means a cross-linked polymer having an equilibrium content between about 10
and 90 percent water.

A "monomer” means a low molecular weight compound that can be polymerized. Low
molecular weight typically means average molecular weights less than 700 Daltons. The
term “monomer” also refers to medium and high molecular weight compounds or polymers,
sometimes referred to as macromonomers (that is, typically having number average
molecular weights greater than 700) containing functional groups capable of further

polymerization.
“Polymer” means a material formed by polymerizing one or more monomers.

A large number of binder polymers can be used. However, a binder polymer should be
soluble in a solvent or a mixture of solvents used in an ink formulation.
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Where the ink of the invention comprises an organic solvent, such as methyl ethyl ketone,
cyclohexanone or cyclopentanone or a mixture of thereof, examples of a preferred binder
polymer include, without limitation, crosslinkable copolymers prepared from one of the
following pairs of monomers: hydroxyethyl methacrylate (HEMA)/ethoxyethyl methacrylate
(EOEMA); vinyl alcohol/vinyl butyral; vinyl alcohol/vinyl acetate; methyl methacrylate
(MMA)YHEMA; MMA/N,N-dimethylacrylamide (DMA); and MMA/N-vinyl-2-pyrrolidone (NVP).
More preferably, a binder polymer is a crosslinkable copolymer having a low average
molecular weight, which can make an ink having a viscosity of 50 cps or less. A person
skilled in the art knows how to control a molecular weight of a polymer, for example, by
varying polymerization reaction conditions or adding additives such as chain transfer agents

(e.g., 2-mercaptoethanol).

Where the ink of the invention comprises water or a mixture of water and one or more water
soluble or miscible organic solvents, a binder polymer is preferably a crosslinkable, water-
soluble poly(vinyl alcohol). More preferably, a binder polymer is a crosslinkable polymer
based on a polyhydroxyl compound which is a derivative of a poly(vinyl alcohol) having a

molecular weight of at least about 2000 which comprises from about 0.5 to about 80%,



O ORHHCHHR I Ol '"OR-RT 2 R CHCHI RB31 O ,0l HR NR8
[ 11 111 In formula I, Il and I'll, R3 is hydrogen, a Cl1L -C6 al kyl group or
a cycl oalwglo3gsup. In formula I, Il and I, R is alkyl emeTh®o2/mgozp to 12
carbon atons, preferably up to 8 carbon atons, and can be |inear or
branched. Suitabl e exanples include octyl ene, hexylene, pentylene,

butyl ene, propyl ene, ethylene, nethyleng,  2-propyl ene, 2-butylene and 3-
pentyl ene. Lower al kylene R preferably has up to 6, particularly preferably
up to 4 carbon atons. Methylene and butylene are particularly preferred.

I n the flasedioa the nRinbies ohlyytiroxyd grasips lirotherpad(kipy! ateohiongofumits of theviermulan, |

parti cul h atons. Most preferably, Rl is hydrogen. WD
03/040Zi%ngﬁﬁég&Q?ﬁéiagﬂé%@qFn the formula I, R2 is an olefinically
unsaturated, electron-w thdraw ng, crosslinkable radical, preferably
having up to 25 carbon atgns. Ingone enbodinment, R2 is an olefinically
unsaturated acyl radical gt the gdrmula R4 -CO-, in which R4 is an

ol efinical |y unsatubgted, “©ggsSlihkabl e radical having 2 to 24 carbon
atons, preferably havijng 2 tq 8 carbon atons, particularly preferably
having 2 to 4 carbon atong? 1
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In formula I, Il and I, Rs is hydrogen, a G, -C; alkyl group or a cycloalkyl group.

In formula I, Il and llI, R is alkylene having up to 12 carbon atoms, preferably up to 8 carbon
atoms, and can be linear or branched. Suitable examples include octylene, hexylene,
pentylene, butylene, propylene, ethylene, methylene, 2-propylene, 2-butylene and 3-
pentylene. Lower alkylene R preferably has up to 6, particularly preferably up to 4 carbon

atoms. Methylene and butylene are particularly preferred.

In the formula |, Ry is hydrogen or lower alkyl having up to seven, in particular up to four,

carbon atoms. Most preferably, R, is hydrogen.



The ol efinically unsaturated, crosslinkable radical R4 having 2 to 24
carbon atons is preferably al kenyl having 2 to 24 carbon atons, in

parti cul awoaBkenyt having 2 to 8 carbon atons, particul aPCy/ErEimdAbl Y

al kenyl having 2 to 4 carbon atons, for exanple ethenyl, 2- propenyl,

3- propenyl, 2-butenyl, hexenyl, octenyl;,or dodecenyl. Ethenyl and
2-propenyl are preferred, so that the -CO R4 group is the acyl radical of
acrylic acid or nethacrylic acid. In another enbodinent, the radical R2 is
a radical of the fornula IV, preferably of the formula V

- CO- NH- (Irtheniqrogad) G- ispe olglinialipginsatyyated, [etgotprWiiRerainGoreysinkalie ragjqal,
CO R4 ( rgfe%ﬁ@@hg\hra%u faslog c?llb'aq%l?cﬁﬂgq{?bhé‘ eﬁfboeﬂ?erﬁrﬁg i88h, ol%fnﬁ:aﬁﬁ ro or one,

and R5 endent of one another, are 1ower ene having 2
to 8 carmmmmated@cylaraqmém thmfwninnlg@w 1ip vﬂmfblanlsmgﬂm@llwnaatataéqd

bi val e“tcrsgfs%yfdeng;aﬁéeﬂ ﬁa@ﬁgano a@gar&nﬁat&ﬂs lﬁefe?ﬂyﬂgv.@ 545 g cgrqdn%agky' ene

or al kylenear carbon at'ons or eneal enearyl ene
havi ng I@riiculdkly prefebably ha\om;zwﬂd:arhmrwhomh R4 is as defined above Lower

al kylene R5 or R6 preferably has 2 to 6 carbon atons and is, in particular,
|l inear. Suitable exanples include propyl ene, butyl ene, hexylene,

di net hylmdméfaﬂeall&mnhsauumttad Jcaubsslihablerasicat Rbhavinge fiy PécerboArajéresies RS or R6

f h bstit uted bstitut
o ky orE Y ARRSY g D elpd SRS, i en ey A 210 2 barkB
bref Z'raﬂﬁ“é"‘?"?l'o“%me“x'@ prﬁ?ﬁ""ai‘bﬁ‘déﬁm@'mﬁﬁ Wmm&mma@pmhff’f’ A
cycl ohexy/PR MWQP%H@ ZRH‘GEW F’EXW V't‘%ftcg’ge?@ybgé %Ed rf’2402

-15 or  spBfelietiUss thalPiheQ0D-RY, gFopas (Rt Aty ra@fc@lla%crjl@rac@(@frmétﬁacryhc acid.
tr|nethylcyclohexylenenethylene for exanple the bival ent isophorone

radi cal . The arylene unit of al kyl enearyl ene or aryl eneal kylene R5 or R6 is

prefera%%n@bﬁ?ﬁhﬁ@@merﬁﬁﬁé‘?&ilbél%@éja%dlé’dl'aﬁﬂietfb'maN’ préveRdbhebfiart or | ower
al koxy, and the alkylene unit thereof is preferably I'over al kyl ene, such

as net hyfloendadt ethylene, in particular nethylene. Radicals R5 or R6 of
this type are theref Oé@ lqlqe(f:‘e_w(b@ @ﬂeﬁyl@@@m} hyl ene or gy

nmet hyl enephenyl ene. Ar | eneal enearylene R5 or R6 is pre% erably
phenyl ene(| ower al kyl- 'érﬂ@‘lﬁﬁwﬁsg-o QB4 4 carbofVlatons in the
al kyl ene unit, for exanple phenyl eneet hyl enephenyl ene.

in which p and q, independently of one another, are zero or one, and Rs and R,
independently of one another, are lower alkylene having 2 to 8 carbon atoms, arylene
having 6 to 12 carbon atoms, a saturated bivalent cycloaliphatic group having 6 to 10
carbon atoms, arylenealkylene or alkylenearylene having 7 to 14 carbon atoms or

arylenealkylenearylene having 13 to 16 carbon atoms, and in which Ry is as defined above.

Lower alkylene Rs or Rg preferably has 2 to 6 carbon atoms and is, in particular, linear.
Suitable examples include propylene, butylene, hexylene, dimethylethylene and, particularly

preferably, ethylene.

Arylene Rs or Rg is preferably phenylene, which is unsubstituted or substituted by lower

alkyl or lower alkoxy, in particular 1,3-phenylene or 1,4-phenylene or methyl-1,4-phenylene.

A saturated bivalent cycloaliphatic group Rs or R is preferably cyclohexylene or

cyclohexylene(lower alkylene), for example cyclohexylenemethylene, which is unsubstituted



The radicals R5 and R6 are preferably, independently of one another, |ower

al kyl ene having 2 to 6 carbon atons, phenylene, unsubstituted or

substi t utwo obp4d2ever al kyl, cycl ohexyl ene or cycl ohexyl emreiEPor12402

al kyl ene), unsubstituted or substituted by |ower al kyl, phenyl ene(l ower

al kyl ene), (Il ower al kyl ene) phenyl ene or@henyl ene(| ower

al kyl ene) phenyl ene. In the formula Il "is a primary, secondary or

tertiary amno group or a quaternary amno group of the formula N+(R )3X,

in which each R, independently of the others, is hydrogen or a Cl -C4

al kyI r aoli suinlstnatudi B¢y oise ar mommemybgrpupmrforeeoammll@trirmlziylcﬁjor@xylenanethylene,CHS
Cﬁé o E{Q . ﬂg r adi C"Eﬁ R7 are, in particular, am no, nono-

or d| (1o Fx%fPRlﬁ N RIVAEN [sgRRerolg ra a%henyl anino, (lower alkyl)phenyl ani no

or tertiary am no |ncorporated into a heterocyclic ring, for exanple -NH2,

- NH CH3, -N(CH3) 2, -NH(C2HS) - N(C2H5) 2, -NH(phenyI) - N(CZHS)phenyI or I'n

the for e radical of a r.trib

sat ur at g](dl!‘%?ry‘elﬁ'ﬁéﬁ’f ff é‘!'%(Ee“ea'iy SR a((’yl%qeag&;e&g c°r<ﬁﬁd%ﬁfef‘,er38 ﬁ'c? hg Pylgﬁ?’f oni ¢

aci d. Prghgibemitedastisubbiituisd byriewerdskyl vedwet alkory anplties alkylens ahit Giepestias i

acid, succinic CI d@&lgll utaric¢ acid

5T EposreiaTaby onsr auieneninch & ety fone BB Eng i Pa LR ST EYIgEs drecicals

Ci traconRgoprl &k thRaype A thlefore FRTBRBIMIHCRYRABMACthyRhbRAIM&h@shshhaAgene.
trimellitic acid. For the purposes of this invention, the term"lower"” in

connection wth radicals and conpounds denotes, unless defined otherw se,

radi cal sp Q‘ierﬁQTWBHBQ@Ie@\%\RSQﬁ s b.%erab@«'phbﬁ,Peﬁé (RRer ammﬁsmehwemﬁamg up to

4 carbon Lower al car bon at ons,

pr ef er ablly tup cabon akain® vl aeliyiene i, for sxample pbﬁaﬂm%ethmmenyléﬂﬁyl
propyl, butyl or tert-butyl. Lower alkoxy has, in particular, up to 7
carbon atons, preferably up to 4 carbon atons, and is, for exarrpl e,

met hoxy, The ramajs s @pxbﬁyarebmet@@blnrmdmemdw{ycgmnem@twvlawgmlkxdemmlpawm

- NH- GO 02 té 8 cBFb%ﬁ%%m{;( %‘ﬁ;n&tl@n@ r\fhs%B& V\ﬁt?ﬁ%%uﬂ)gtltlﬂe& By fdwidt: al@? é:)/’ lg&ylﬁ?e

cont ai ni g™ a Cross IS zero are pr
bi val ent ogmymlqhexmwldv(eRélkyNhlem@)b}tmmﬁi o@ubsstumddwdnwer &lkg, i s one and

A0SOt | e dylehaf e TEh TR o SIS R LPBRLARRRbR AT OUP 11 whi ch p

IS zero
alkylene)phenylene.

In the formula 11, Ry is a primary, secondary or tertiary amino group or a quaternary amino
group of the formula N*(R’)sX’, in which each R, independently of the others, is hydrogen or
a Cy -C4 alkyl radical and X is a counterion, for example HSO, F', CI, Br, I, CH; COO’,
OH, BF, or HoPO;.

The radicals Ry are, in particular, amino, mono- or di(lower alkyl)amino, mono- or
diphenylamino, (lower alkyl)phenylamino or tertiary amino incorporated into a heterocyclic
ring, for example -NH,, -NH-CHa, -N(CHg),, -NH(C2Hs), -N(CzHs)2, -NH(phenyl), -
N(CzHs)phenyl or

/N

—NH 0

N

In the formula 1ll, Rg is the radical of a monobasic, dibasic or tribasic, saturated or
unsaturated, aliphatic or aromatic organic acid or sulfonic acid. Preferred radicals Rg are

derived, for example, from chloroacetic acid, succinic acid, glutaric acid, adipic acid, pimelic



In the polyners conprising units containing a crosslinkable group in which
pis one, the index q is preferably zero. Particular preference is given
to pol ynewe osompii sing a crosslinkable group in which p iPSTEPE2/14DE | ndex
gis zero and R5 is |ower alkyl ene. In the formula \M(R )3X-, R is

preferably hydrogen or Cl -C3 al kyl, X |s hal i de, acetate or phosphite,
for exanple -N+(C2H5) 3CH3000", -N+(C2H5 , . and - N+(C2H5) 3H2PO4 . Such
crosslinkabl e polynmers conprising units of the formula I, I and Il, 1 and
[1l, or I and Il and IIl can be prepared in a manner known per se. For

exanpl e, add, SalgiaacidNbsnark, 883 tacdnic acid, Birags|ca1d,dicsdicesisl, aethacediclackipw t o

prepare I EKQPI conprising units of the formula l, | and
H%EQ$? or @Hgﬂ%¥g§ﬁ3 I11. Advantage of using poly(vinyl alcohol)s

or above descri bed derivatives of pon(V|nyI al cohol )s as bi nder polyners

i s that e Dbi nder Iyrrer O, gtiaon Ilk rsing agent to
suspend éﬁiﬁ@ BW@R’B?‘&% @é?vez? '\?ﬁ%ﬁeﬁ%r Vg%} €/ O@S?th ith %d?c%?a sing WO
03/ 04024¢bmpolnBsdéhdteg/ dri!ékﬁZianedjb‘fhetnmse‘é,d1aslttzerssmr¢bf‘npbe|hcebsr Bawig ap to 7
surface-active subst 6' %%ded tot 3 sup enS| on to inprove the separation
of parti@RY %tHH‘Stheg‘?fé‘ N FBVIDG YR 1P RO RIS ng. The ink of the invention
can optionally include a crosslinker. A "crosslinker" refers to a corrpound
conprising twg or mpre functiona oups as th re knvvnlnthe art
Crobsl & rikder i bhas & GaCUR 4R T EMAMEaT B e e o o A AT 1

pol yner gobesxisie, iy, iy, @resyi, i@ optdriiittg reactions coul d be used to
cause chenical bondi ng between different binder nolecules to entrap the

pignented particles. Mst crosslinkers are identified by bi- or

mul ti - f L‘I_Wér%gt?)&y h&&8Gh iphRictlap WSto féHrb&i‘émsef)ré?érﬁB@rlfH to céib@rp%h@eand

di mrel am ne I'1Socyanate, diacrylate, or dé resins could be used.
Ml ti -fuadpr@xeernplgheﬁtbrpmseﬂﬂ@wepr@pm@pmwyw P@qor%ws (HOH2CPh) n R9, where
Ph is a phenol group. Milti-functional epoxides have structures as
follows: (CH2OCH)n-R9. Milti-functional al dehydes have the foll ow ng

st ruct urBe Birdprgregp dis NEHEOPr is-pResentifiatis one aod iabaent iy !§02¥€W dtodaneracl ude
the foll or - .
Mul ti-f ucg\(?ﬁttelnon%ﬁ %%%%&Rﬁghwg'gfzgﬁj%%spr@es'??uct ure: (OCN) n-R9.

Di azoni um and tetrazoniumsalts could be used as crosslinking conpounds.
Mel am nerﬁeegibé]énthga}}f&p E@é-ﬁﬁ.'(phg’mrﬂ&o?bfdJﬁe‘éb‘? is ﬂrggﬂﬁﬁ'd\@lﬁwe%%'d abdBg ifp el is

zero. Polymers containing a crosslinkable group in which p is zero are preferred.

In the polymers comprising units containing a crosslinkable group in which p is one, the
index q is preferably zero. Particular preference is given to polymers comprising a

crosslinkable group in which p is one, the index q is zero and Rs is lower alkylene.

In the formula N*(R’)sX’, R' is preferably hydrogen or C, -C; alkyl, and X is halide, acetate or
phosphite, for example —N*(C2Hs)sCH3COO", -N*(C2Hs)sCl',. and —N*(CzHs)sH2PO5 .

Such crosslinkable polymers comprising units of the formula |, 1and Il, 1and Ill, or l and |l
and lll can be prepared in a manner known per se. For example, U.S. pat. Nos. 5,583,163
and 6,303,687 disclose and teach how to prepare crosslinkable polymers comprising units

of the formula |, I and Il, 1 and lll, or | and Il and 11l

Advantage of using poly(viny! alcohol)s or above-described derivatives of poly(vinyl
alcohol)s as binder polymers is that these binder polymers can also function like a

dispersing agent to suspend many pigments over a wide range of viscosities. A “dispersing



HH ,NYNYN~ NN NH2 For these exanples, RO may be a aliphatic, alicyclic,
aliphatic-alicyclic, aromatic, aliphatic- aromatic hydrocarbon, vinyl

al cohol , wprglo4tawt yral , or vinyl acetate, and n is a nunb@CT/Eporsi4er t han
1. Mxed functional groups could be used (i.e. an epoxide wth an

i socyanate). Exenplary isocyanate corrpql,}nds i ncl ude hexanet hyl ene

dii socyanate, 2,4-toluene diisocyanate and bis(isocyanato pheyl) net hane.
Exenpl ary epOX|de cont ai ni ng groups include bisphenol, diepoxide, and

epi chl orhydrin. WO 03/040242 -18 PCT/ EP02/ 12402 O her functional groups
coul d begesBgr ilisnessanthigferado asuracezactueBLbsRICe ad@ird o suRpPensien thydr ogen

or C1 tcfm%ﬂo%%%@%%r%ﬁ%fp}agtcﬁ%l?al%%e%rﬁgﬁﬁlﬂ@rC‘mfﬁ@ﬁ ed to a carbon atom

that is or attac o a nt ogen or oxygen
atom Exenplary preferred crosslinkers include, wthout limtation,

hexaret irglf PREYRAL ncsrwc%nanr n%rrLa%raechL fiRbr. % SRk Rt cﬁgDNN

di et hyl hacr I"'enegl ycol "diacry at e,
met hacr >doatpeand abinplisiag twd at mere mnehmgwmpd ae Ithey aretkhawnyﬂ ’dmeart A

1, 6- hexaned,i di thacr at e t

ol yor hTERLE PR cor R USer 1Rt RERS pipoté BARERAPhfmr mojosutsss
(BDDA). In a preferred enbodi ment, the ink of the invention further
conprises a rfactant. The t "surfact used her efers to a
suﬂ) ace-MW Qs)éer@m(ﬁggﬂ@kgg PR gp“?@?'r‘rlglbf Lf?ﬁg\ri?l Cfilrlrse ?r}%m%qltbongngﬁe > or
exanpl e, giftehtbitderdidleanss RUsrtiapahe pidfndritédparicies. iosteedsslinkeR areddentified108
and F38 (from BASF). A surfactant can have ne ore r of fol |l ow ng

f unct i orfy:bi- Qrd“‘éﬂ]fm'oﬂﬁléegﬁrvﬁaﬁf%uﬂseﬁgf%’F?”E)‘?eacﬁph (ﬁe%cfc{?asr\ Y fpr ove

the sepayjgbd aléﬂaféf di&bﬂ/‘iﬁ?@tor d@ﬂéhﬁe@ésm@ﬂ&lﬂQeﬁfs@ldelﬂbltr&@rﬁdtrbhél@phéhoﬁﬂsmbng
of pignment rticles. Preferab 1}//# the surfactant is Surflklnol 420. The

amount  cirusiwes ariollaws (PP BeEeRRoi Whels R a RenrLerappJru §”W'8T‘%'re£8P“§'e§ n a
range | g%b%%&hré% XA erHetE L QRJJ‘IRMM-flPrcﬁ&ﬁa@ﬁld‘éﬁYdﬁéthaveWé follBiiger abl y

by wel out he concentration is

. ere
in the r@wgwr@dH@@émRQOO@JSdQD)vondW|¥thQ§'°B%%P%19§ frcludg ihe yolloWingpo can
| over t h(?lzCCRmCOO)n-Rg, where Ry is a —H or —CHa. Multi-functional isocyanates have the
following structure: (OCN),-Rs. Diazonium and tetrazonium salts could be used as

crosslinking compounds. Melamine resins have the following structure: (HOH2C-Mel)a-Ro,

where Mel is

"y

NH,

For these examples, Ry may be a aliphatic, alicyclic, aliphatic-alicyclic, aromatic, aliphatic-
aromatic hydrocarbon, vinyl alcohol, vinyl butyral, or vinyl acetate, and n is a number
greater than 1. Mixed functional groups could be used (i.e. an epoxide with an isocyanate).

Exemplary isocyanate compounds include hexamethylene diisocyanate, 2,4-toluene

diisocyanate and bis(isocyanato pheyl)methane.

Exemplary epoxide-containing groups include bisphenol, diepoxide, and epichlorhydrin.



surface tension of an aqueous-based ink conprising poly(vinyl alcohol) as
bi nder polynmer wthout increasing the viscosity of the ink. In another

pr ef er r edwermbodizaent, the ink of the invention further compTiEPe¥11NE OF
nore humectants. A "hunectant” refers to a conpound that renoves water (or
hum dity) fromink such as that termig known in the art. Exanples of
hunmect ant i nclude glycerol, ethylene glycol, diethylene glycol, and

1, 3-di oxane-5, 5-di net hanol . By addi ng one or nore hunectants (e.g.,

gl ycerol and diethylene glycol), clogging of the nozzles of a printer head
can be n@tieniunciibnal graupsdiovlddrecused aoviaining twmonmakotsHbHQdRa, WheteibfR1 ise

i nventi i c

f or mat i (c)}ﬂ’ f)@%ﬂnc%:rrdégsi ﬁ@gl Iy%ﬁfgée’}”& @2\@? %@PBQ'LQ %%a@r?ﬁﬁﬁ@gzdaﬂ%@éﬁsde&%rt% 3 ens
wi t h t hes pettloddn amnsatio nimy, or adacheditainitgogen o oxpyen atadh.t hen transferring
from WD 03/040242 PCT/ EPO2/ 12402 -19 the nold to a lens. The ink nust dry
before filling the nold with the Iens-formng polynerizable |iquid mxture

and cl osExegngldg prefeted kfosalinkenkinclonpy withoug limiatiom, bexaghstbydijsodygnateot dri ed

before fj 11 and cl,osi he i nk t |n t he
filling '?%ﬂzyéfff}?gg'vwdﬁ???thm‘iapedﬁéeﬁ@& et@\ﬂ%@%@?@iﬁ%ﬁg?ﬁl e he print
quﬁ' [ ]E y éﬁhyl@héglfﬂoldlﬁgrwméfaml ratthiatrylatdd, ellyl actyiates, pr@bmpaaddIGMmdthaeryﬂate,t he
ink of the invention

f 4% .prefer to 2%
weignt ohfterdicasing ety 1 hPuleDpdil msshecs sl ERVIE Rl Rgr e
gl ycol . @tégrgﬁ@na;b;blytanéd[]g digdrphteBODH). of hunmectants in an ink should
not exceed %by wei ght The ink of the invention can further conprise one

or nore conponents selected fromthe group consisting of polynerization

initiatops, @%rﬂe'@l‘éiﬁt%ﬂnﬁbnta%nhﬁ of ﬁh@hh@ﬁtldﬁﬂiﬁl@@@&h?ﬂ%@r& surfdeegat THigterm
agents, dpot her additives known in the art. "A polymerization initiator"

refers t @Uéa@ﬁ@tih asdisedgreibaiefass 40 @ sHfpes- ?‘FFWPP?H{F’PH P%éﬂﬁt LI Is gnown in
pol ymer '1?; a!trl‘)QudH‘éé 'fé\I éiﬁ'fﬁolﬂa{w&id%&ﬁﬁfopi 0 firoth ARPro@lctd) PltcHi®r . A

phot oi ni s a emcal Initiates polynerization reaction by the
use of |Ftpandit38 ﬁmrre BAGH).h aifaciansicgn ke ope AFOMArettAg follewingyfunctions:

di et hoxyt%"%@%é?ﬂ%”&n%cg%?ﬁﬁ &VArPIRQStB*He'ﬂ&a ‘ﬂ'ﬁﬁoro@e Y SHpR¥A %Qf%&ﬁ?&éﬂt phenyl

ket one and Bar ocur acur types, pre ‘erably Darocur 1173
Dar ocur pA5EesEN, to pravent Bﬁtllhmwml@@@lgmemtmms initiator is a
chem cal that initiates polymnerization reaction by the use of heat energy.
Exanpl es of
Preferably, the surfactant is Surfynol 420. The amount of Surfynol 420 presently in an ink

formulation is preferably in a range from about 0.02% by weight to about 0.5% by weight,
more preferably from 0.07% by weight to about 0.3% by weight. Where the concentration is
in the range between 0.02% by weight to 0.3% by weight, Surfynol 420 can lower the
surface tension of an aqueous-based ink comprising poly(vinyl alcohol) as binder polymer

without increasing the viscosity of the ink.

In another preferred embodiment, the ink of the invention further comprises one or more
humectants. A “humectant” refers to a compound that removes water (or humidity) from ink
such as that term is known in the art. Examples of humectant include glycerol, ethylene
glycol, diethylene glycol, and 1,3-dioxane-5,5-dimethanol. By adding one or more
humectants (e.g., glycerol and diethylene glycol), clogging of the nozzles of a printer head

can be minimized.

It is discovered that in an aqueous based ink of the invention, addition of glycerol (between
0 and 4%) can improve jet formation by increasing drying time. However, too much can

cause problems with the method involving first printing on a mold and then transferring from



suitable thermal initiators include, but are not limted to, 2,2'-azobis
(2,4- dinethyl pentanenitrile), 2,2'-azobis (2-nethyl propanenitrile),

2, 2' -azobwe og@402net hyl but anenitrile), peroxides such as b@cT@mpo2/pRpDXI de,
and the like. Preferably, the thermal initiator is azobisisobutyronite
(AIBN). "A anti-kogating agent” refers {p a chemcal that can reduce
deposits known as "kogation" being forned on the exposed surface of the
heater el ement (resistor elenment) in thermal ink-jet printers. "Kogation"
is commonly defined as the build-up of residue (koga) on the resistor

sur f ace.theomaid 4 teas! Ehainkimiist dabbefpreiiling thainolg wih dakelepsifgiiing er nar y

anmoni u . | i : 319
fo & corP S ABE U RH Ry pRRPIRRTIAR e Ak Conpricb T8 i edhic)

t hat camdieried beioretiling antslosingstvetink tendato emeanrandideed dedng e BG4 2
PCT/ EP02/ 12402, - # MG ' LT : '

ol ycopr o0e I Ay By AFtrafidd By Bap BHGloVe yIBIFHAR UM BF miimiff0 Eted G3in,
or anti-dffect.erial entities. Still other exanples of such anti-bacterials or
ant-mcrobials are disclosed in U S. Patent Nos. 5,866,113 to Hendriks et
al. and 5,891,506 to Keogh. In one enbodinent of the invention, an ink .

f or nul at [nerprefemedi esdiraesto theank of thedmvemtion furthef corhpisasab ot %6 PYefarathydo®% by

wei ght, preferably from about 70%and 95% by weight, nore . preferably from
About | BARAnGy sRaghRRCD A oot Adreegn e iy wiRh el A bour 1
% to abombre3Rebchabiyvahd ital amairt orhlivettaamminbAik shotid totaixoedd 8%%ybyeighi. ght ,
nore preferably from about 5% to about 10% by weight; and a colorant in an

anount of from about O to about 15% by weight, preferably from about 0.5%
to aboutﬂ{’e"/mmbfﬂ@ig\%ﬁoﬁ?bﬂ fuiti e c8riphby ohé BMMBRLEEmBbriRYd SelbdedYronrthght . I n

a preferred enbodi nent of the invention, an ink fornulation conprises; a

sol vent grauRgongigingtof ppiymesizatigiinitialussantimigonisiRgents, gRtioxidand ageals §ntr om

about 709 Yt Yandsth8hidditRE knBwa ity from about 84% and 94% by
wei ght;oigg%m%gge/po’li/nrrer In arll armtr}nt Iof from about 1% to about 30% by

wei ght, preferably fromabout 1 %to about 15% by weight, nore preferably
about 0 (BB KB e RO P et L A BHRACh Bheler” 856 by
wei ght, palymerizatien énitisoycar lna abotoinit@it@ertadhepad jnitigderg Atphotginitiatos ises s1 i nker
in an an&%micaqfthgtrilﬂﬁates polymerization reaction by the use of light. Suitable photoinitiators are

benzoin methyl ether, diethoxyacetophenone, a benzoylphosphine oxide, 1-

hydroxycyclohexyl phenyl ketone and Darocur and Irgacur types, preferably Darocur

1173.RTM., Darocur 2959.RTM., and CIBA IRGACURE 2959. A thermal initiator is a

chemical that initiates polymerization reaction by the use of heat energy. Examples of

suitable thermal initiators include, but are not limited to, 2,2'-azobis (2,4-

dimethylpentanenitrile), 2,2'-azobis (2-methylpropanenitrile), 2,2'-azobis (2-

methylbutanenitrile), peroxides such as benzoyl peroxide, and the like. Preferably, the

thermal initiator is azobisisobutyronite (AIBN).

“A anti-kogating agent” refers to a chemical that can reduce deposits known as "kogation"
being formed on the exposed surface of the heater element (resistor element) in thermal
ink-jet printers. "Kogation" is commonly defined as the build-up of residue (koga) on the

resistor surface.

Some suitable antimicrobial materials include polyquaternary ammonium compounds, such
as those described in U.S. Patent No. 3,931,319 to Green et al. (e.g. “POLYQUAT”). Other

antimicrobial or antibacterials that can be utilized in the present invention are peptides,



about O to about 10% by weight, preferably from about 0.5%to about 5% by
wei ght, nore preferably fromabout 0.5%to 2% by weight. |In another

pr ef er r edwerbodizaent of the invention, an ink fornul ati onPCOmPOY/sR82 a
solvent in an nount of from about 60% and 99% by wei ght, preferably from
about 70% and 95% by weight, nore pretg?ably from about 84% and 94% by
wei ght; a binder polyner in an anount fromabout 1 %to about 30% by
wei ght, preferably fromabout 1 %to about 15% by weight, nore preferably
from abouh,‘ 5%& bout .10% b \ﬁ wel, a colorant in an anount of from
about 0 PB'CLBGYEUAEBIMHGIN, e tm'"#eg'é‘?%ﬂﬂp&ud?? ScaBBtRIn® sHyPideiasaaluigss by

wei ght , _demten oF @her i fickdokoRBRIbafloRdfchfigt by wei ght; a crosslinker in
an anount @f fromabout O to about 10% by wei preferably from about

5% to =Hbathessxapige Phsich sriirkaciesialy @r%twcrpg@lﬁ aBslirclapedd UeS. Ratent

we! ght; pd. 5886001 9% ABAAAKR 17, %%%9105 d foqagypout 0 to about 2% by
wei ght , preferably fromabout 0.1 %to about 0.5% by weight, nore

preferably fromabout 0.2%to about 0.4% by wei ght. WO 03/040242
PCT/-EPO2{ 1 gft08mbEdimleRt @ﬂ%hﬁfenf?«?ﬁfa‘ﬁrlfﬁ%rﬁtm‘ﬂgh% gmgés EE%h)eﬂYWHA é)rﬂowﬁrrc:%' nk

formul ati on conprises: an | nk ormul ati1 on conpri ent N an
of from HPBWRbDGO BrandRBk by Weighjhrrefergly fremediiopt Vﬁ%mratﬁﬁ% b?@%n@ﬂ,dn@&% by

wei ght , (V er_pol yner
o an anBroigraBl o B0k S0 ghg SEY by S ASH Y RV P bt T P o
about 1 ebod 1&bm1abd15(&0%ybwweght, preferablydrah ababﬂ VAﬁo abo@hi®st b Welght,ahorgt
10% b t Q. t b % b

wer ght " Breaaply ol R kol 385 B vt et b SHRGHE o Feier bl
f r om aboabou. %t%abouﬁ%%)byvmngﬁtt preferably dosl adue0.5% taabaur@ys by dleight,andrabout

0 to abo t 10% wel bl om about 0.5%to about 5% by
wei ght , Ij%raBil)yg%éqng% @f é' to 2% by weight; a surfactant in

an armount of from about 0 to about 2% by wei ght, preferably fromabout 0.1
% to abput 5% wei.ght re preferahly fromabout 0Q.2%to about 0.4%
by wei ghﬁ‘aBWée d émbeithsnt of the dnyeafie A T8 formBRian GoMPUS S 2 88b/gnt BT by
wei ght,  mioahesiahiny abtsmraoa«baucu 98% by Wétgﬁtbpketferéét%fmfn wBH @0, BRAG 959N 15f er abl y
f rom about %b%to abou 7% ot her aspect, the present

i nvent i oWeigPbViierefe @P%?%‘}/a@ﬂﬁ@“%nby WRigBE: mrkdermqum ABEMeLNt he
i nvent i 08f REHRHLSER% 36 laB@btrmo@bpm Atprbf@rably fr&wa@om %%% %bSGPTw Eg”g wat er
and a binder polyner. The binder ymer can be a pol y(vinyl cohol) or
deri vat i \Ygight, moré preferably from about /o t0 about 10% by weight; a colorant in an amount of

from about 0 to about 15% by weight, preferably from about 0.5% to about 8% by weight,

more preferably from about 0.5% to 5% by weight; and a crosslinker in an amount of from

about 0 to about 10% by weight, preferably from about 0.5% to about 5% by weight, more

preferably from about 0.5% to 2% by weight.

In another preferred embodiment of the invention, an ink formulation comprises: a solvent in
an mount of from about 60% and 99% by weight, preferably from about 70% and 95% by
weight, more preferably from about 84% and 94% by weight; a binder polymer in an amount
of from about 1% to about 30% by weight, preferably from about 1% to about 15% by
weight, more preferably from about 5% to about 10% by weight; a colorant in an amount of
from about 0 to about 15% by weight, preferably from about 0.5% to about 8% by weight,
more preferably from about 0.5% to 5% by weight; a crosslinker in an amount of from about
0 to about 10% by weight, preferably from about 0.5% to about 5% by weight, more
preferably from about 0.5% to 2% by weight; and a surfactant in an amount of from about 0
to about 2% by weight, preferably from about 0.1% to about 0.5% by weight, more
preferably from about 0.2% to about 0.4% by weight.



t hereof, preferably a crosslinkable polynmer which is a derivative of a

pol y(vi nyl al cohol) having a nolecular weight of at |east about 2000 which
conpri seswbrosmahout 0.5 to about 80% based on the nunb@ecTaEPohydoDXyl
groups in the poly(vinyl alcohol), of units of the forrmula I, I and II,
and I'l'l, or I and Il and Ill. "Gindingpf pignments” refers to a process in
whi ch the size of the pignents are reduced. Ginding of pignents can be
carried out according to a standard grinding technique to reduce the
pignent's particle size. Preferred nmethods include: high speed mxers, Kady

MIls, chianstherprafered pehediaan: et the inyeafign, as 'aki%rﬁy'at@aﬁamf%% anink r asoni ¢
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attritors, sand mlls, varikinetic dispensers, three-rol mlls, Banbury
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Sons, gnents are grounded using a vertical ball
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of "the viGBRYAGRES BB i At SR ablh 038 acBubl e B i HRRILT
mlling fromabbiied. S%atosamm 8%bydweéiglat, moxepreferebly froomakoui 5% drpi4 by wejigbkads

naving 2, gL SR o « ARG ool Sod BTD MO OADCAR ROTLRFRA D408 P2 The

preV|ous enabl’e one havi ng art
practi ce0obketo abrwe5%| nweight, nrodepraferablgtftom abmalﬁl ot e% madeight, @ under st and

specific dlrrents an r.eof refe ence.to the o
ot owi reLTRGTAN At gt 850 8 YL B Rul 28 T el veBIRRE bl atfir a9
E)r(\ anpl eStoselkmut ?Ilsry@by hengheﬁrnbrbcpréfemwy fréve aﬁoomzwtgtdbeut ey WélEhEX'ﬁmﬁ el
This exanpl e .illustrates to, pre ter ba nk. A ter
bat o of METSERM i an caie Ao e UGS Rttt SRR, woeht prefereBeion AbabaRy

bl ack (w B 3% bAOvaght( AeP4 preedrbly Gm 4tsei Ybatoesbouppbykyviveight. al chohol )
and 162.1 g (5699 water wth an attritor grinding system The attritor

grindi ng systemls devel oped using a solid Teflon single mlling inpeller

(EM5 T60y, M%&%ﬁé&rme B¢ I entfich dé%&de§h@rhélh@c$§f sreBRling Shmkfet inkienes haf t
is driven by an Arrow 6 00 1/ 10 hp ect drive m xer. Approximtely 200 m

Zi r coni amgirdof the Ievqn@nrﬁwwléﬁ%g@mdmwm'wrd ﬁb?i'q%ﬁ*éﬂ'ﬁpéﬂ:‘é‘mmﬁ'r@ wyer m
stai nl esgn$h %ﬁu‘der M@%%r JT%"%cfé? peReRcEE be @YY (VihylcaRAMol) of a B¥atidrr dner)
along wth the Tef | npe
thereof preferably a crossllnkable polymer which is a derivative of a poly(vinyl alcohol)
having a molecular weight of at least about 2000 which comprises from about 0.5 to about
80%, based on the number of hydroxy! groups in the poly(vinyl alcohol), of units of the

formula l, land ll, I and Ill, or 1 and Hl and |,

“Grinding of pigments” refers to a process in which the size of the pigments are reduced.
Grinding of pigments can be carried out according to a standard grinding technique to
reduce the pigment’s particle size. Preferred methods include: high speed mixers, Kady
Mills, colloid mills, homogenizers, microfluidizers, sonalators, ultrasonic mills, roll mills, ball
mills, roller mills, vibrating ball mills, attritors, sand mills, varikinetic dispensers, three-roll
mills, Banbury mixers, or other techniques known to those skilled in the art (see Ross S and
Morrison ID, Colloidal Systems and Interfaces. New York: John Wiley & Sons, 1988.) More
preferably, pigments are grounded using a vertical ball mill. Vertical ball mill is an efficient
particle size reduction method, since it applies both shearing and impact forces. A preferred
embodiment of the vertical ball mill is an attritor grinding system comprising a milling
impeller, a shaft, a drive mixer and a container comprising beads having a diameter of
about 1.6-2.5 mm.



head Typical inpelling speed is 2200 rpm The pignent (iron oxide black) is
added, followed by the nelfilcon and the water. The inpeller speed is set
at 1000 rwomoatdb2at | oned to grind over a 72 hours peri od. PChEPOR S ar e
removed by pouring the resulting liquid through a nesh. A nmaster batch of
white ink is prepared by grinding 43. 5_922(_150/() titani um di oxi de, 49. 69

(179 nelfilcon and 196.9g (68% water Using the above-described attritor
grindi ng system accordi ng the above-described grinding procedure. A naster
batch of PCN blue ink is prepared by grinding 32 g (11.7% PCN blue, 51.5g
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PCT/ EP02/ 12402 -23 Particle size analysis is carried out using the Horiba
LA-920 particle analyzer on a Wndows platform The refractive ratio index
used was 1.04 for PCN blue/water, 1.82 for iron oxide black/water and 1.49

for titanium dioxide/water. Viscosity neasurenents are performed using the
Br ookf i SF¥AMRIEO\V- 1| at 25C, 60 rpmwith a spindle 16. It has been

di scoverged that diu [ good grindi ng nedi um
for the WE'BSFB%SEQ“QM%% zg%% q%ﬂ%gﬁ{%ﬁ53$5X|de using the vertica
mll set up (the attritor grinding systen) The attritor did show a
reductiop in the icle size for ut Wit er ent
LT i erhmastor Rgthor iR xerartid By g Spd it R Pldressittionsbidh Btk he
vertical ﬁpi’gn{dnt)aﬂﬁ 9bQ$$°/E)héllﬁlc&n (#6rglaea- pévy@/rr@s@mm)lam 182, 1@6%) watgre does
not resu a_noticea

Ieredﬂjtlonln article 4 Indlcatlf'éﬂjjthat t he
suspensi W aryaftiipnginAing systey ke FHEe BOFNg yaem s eyeIpBe%pgﬂ@a bl ue

pi gment tdioRlsigle M etér (EMS P60, BYK Ghriher Jsdéﬁﬁéétéd Ro3/isnshapldssistey), there
is a larger distribution of partlcle size and reduction in size afte
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water-jacketed container (500 ml capacity, BYK Gardner) along with the Teflon impeller
head Typical impelling speed is 2200 rpm. The pigment (iron oxide black) is added, followed
by the nelfilcon and the water. The impeller speed is set at 1000 rpm and allowed to grind
over a 72 hours period. The beads are removed by pouring the resulting liquid through a

mesh.

A master batch of white ink is prepared by grinding 43.5g (15%) titanium dioxide, 49.69
(17%) nelfilcon and 196.9g (68%) water using the above-described attritor grinding system

according the above-described grinding procedure.

A master batch of PCN blue ink is prepared by grinding 32 g (11.7%) PCN blue, 51.5g
(18.9%) nelfilcon and 189.3g (69.4%) water using the above-described attritor grinding

system according the above-described grinding procedure.

A master batch of black ink, a master batch of white ink and a master batch of PCN blue ink
are also prepared by grinding pigments in ethyl lactate or IPA (isopropanol) for 72 hours

with a ball mill (ceramic balls). Nelfilcon is then added and mixed to the slurries for 1 hour.



decreases from an average of about 3.4 mcrons to 2.6 mcrons. But, there
is aggregation. After ultrasonication of the mxture, the particle size
decr easeswD®3am2axer age of about 0.5 mcron (with 75% of PoamPoriag? | ess
than 1 micron). This indicates that the suspension is |less stable than the
PCN ink. The viscosity of the final mxure (30%iron oxide) is 1740 cps.
After grinding with the ball nill in ethyl lactate and then suspending in
nelfilcon , the size of Iron oxide black particles is about 3.7 mcrons in
average. U trasonication of the m xture reduces the particle size to an
aver age Rertide sizajapalypis i§ cavipd put yring thetHaribad A-823 partela analyaeicoroaWingees t he
I ron oxiglgsphacke | 5’<§fr |9éf'Fbﬁ|o iRddh n%e@%éh@@f&%@ﬁ%%%t@r Rel bl FNoxibb'e
particlé size is srra about mcron in average. After sonication the
particl é)lanktveatesandbded@dltamumﬁl@v@e/wg@rof 0.6 micron (71 % of the
particles less than 1 mcron). WO 03/040242 PCT/ EP02/ 12402 -24 After
grinding in a nelfilcon/water nediumwi th the vertical mll for 72 hours,

t he si zeé/igdosity Measuremetitoariedreripanéd asiag thesBrbkiidld LVIDNHEai2EC| 60 apyra vdipe.

U trasonicati can reduce the particle size to an average of 1 mcron
(only 43%/595‘?‘1'?[1@ particles are less than 1 micron). After grinding
titaniumdioxide in ethyl lactate wwth a ball mll, the particle size is
decreased to an_average of 3. rons Itrason ation reduces
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When ti mgy it diftréMdfideddidani um di oxi de in nelfilcon/water nedia with the
vertical mll 1s increased from1l day to 6 days, the particle size is
decreased froman average of 5.2 mcron to an average of 1.8 mcron
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reduced ﬁgﬂl id actant, such as Surfynol 420,
| PA or e‘ﬁy AC &ea?qﬁ%%glgﬁlrjge%ﬁ%%ﬁgﬁr%ml ns in suspension for nore

than a week in every ink sanple (nelfilcon/water nel fil con/ water/ et hyl
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nelfllcovx etvv0|n ani c on oxirde and titanium
di oxi de,suapgreding imoredfilcr, tharalig atangegrdns*trbutmn of particle snze and reduction in size

after ultrasonication of the mixture. Viscosity of this ink paste (1.5% PCN blue) is 1030 cps.

After grinding with the vertical mill for 72 hours, the size of Iron oxide black particles
decreases from an average of about 3.4 microns to 2.6 microns. But, there is aggregation.
After ultrasonication of the mixture, the particle size decreases to an average of about 0.5
micron (with 75% of particles less than 1 micron). This indicates that the suspension is less
stable than the PCN ink. The viscosity of the final mixture (30% iron oxide) is 1740 cps.

After grinding with the ball mill in ethyl lactate and then suspending in nelfilcon , the size of
Iron oxide black particles is about 3.7 microns in average. Ultrasonication of the mixture
reduces the particle size to an average of 1.2 microns (33% of the patrticles less than 1
micron). When the iron oxide black is ground in IPA and then suspended in nelfilcon, the
particle size is smaller, about 1.8 micron in average. After sonication the particle size is

reduced to an average of 0.6 micron (71% of the particles less than 1 micron).



smal | particles and their suspensions were | ess stable. At high viscosity
(-1000 cps), precipitation of both iron oxide and titani um di oxi de occurs
in a coupwve ogf4atays, while at |ower viscosity (-100-300 ®pI)EPO1240E ew
hours. Exanple 2 A water-based cyan inkjet ink (Al) is prepared froma
master batch of PCN ink as prepared i.pgExanple 1 (11.7% PCN blue, 18.9%
nel filcon and 69.4% water). The cyan inkjet ink having a conposition of
7.8%nnelfilcon, 1 % PCN blue, and 90.2% water is prepared by dilution the

maser batch of PCN ink with water or I con po Th t ink
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The ink prepared in nelfilcon/water media shows foaming, but defoaming occurs after
standing for 24 hours. Foaming can be reduced by addition of a small amount of surfactant,

such as Surfynol 420, IPA or ethyl lactate.

The PCN blue pigment remains in suspension for more than a week in every ink sample
(neffilcon/water; nelfilcon/water/ethyl lactate; nelfilcon/water/IPA) and for more than three

weeks in the nelfilcon/water medium.

The two inorganic pigments, iron oxide and titanium dioxide, appear more difficult to grind to
small particles and their suspensions were less stable. At high viscosity (~1000 cps),
precipitation of both iron oxide and titanium dioxide occurs in a couple of days, while at

lower viscosity (~100-300 cps) in a few hours.

Example 2

A water-based cyan inkjet ink (A1) is prepared from a master batch of PCN ink as prepared
in Example 1 (11.7% PCN blue, 18.9% nelfilcon and 69.4% water). The cyan inkjet ink
having a composition of 7.8% nelfilcon, 1% PCN blue, and 90.2% water is prepared by
dilution the maser batch of PCN ink with water or nelfilcon prepolymer. This inkjet ink has a

surface tension of 43.5 mN/m and a viscosity of 11.90 cPs.



Al 7.81. 0091. 200. 0011. 90 cps43.50 n\' m A27.81. 0072. 9518. 2527. 90 cps32. 20
m\/ m A37. 81. 0054. 7036. 5039. 70 cps26.51 mN/ m A37.81. 0036. 4554. 7534. 90
cps25. 01 wiloaioAB72 81. 0021. 2070. O0Preci pitates The surfact aot/EBor/izsonl 420
is used to reduce foamng in cyan inkjet inks. As shown in Table 2, when
Surfynol 420 is present in the inks at .-z concentration fromO0.07%to 0.3%
(by weight), foam ng can be elimnated while the surface tension of the
ink is decreased and the viscosity remains relatively constant. WO
03/ 040242 -26 PCT/ EP02/ 12402 Tabl e 2: ink fornul ations and experi nental
dat a f orinisHi figie8ed wsing A5huam MicteE ab iiehhead; GantinuolPEfing iRpcssible Sisingyaol
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m\ m B4detiod irctdiities areolrsamed: Ssigh j@inginsigbiibaypicallyawovidgepogerinbgualins 30. 44
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while the viscosity increases. When the amount of IPA reaches 70%, precipitation is

observed.

Viscosity measurements are done using the Brookfield LVTDV-Il at 25° C, 60 rpm with the
spindle 18. Dynamic surface tension measurements are done using the Dynamic Contact
Angle Analyzer (CAHN model DCA-322) The instrument is verified with water (72

dynes/cm).
Table 1: Ink formulations and experimental data for IPA as additive.

Formulation % % PCN | % water | % IPA Viscosity Surface
# nelfilcon blue ' tension
Al 7.8 1.00 91.20 0.00 11.90 cps 43.50 mN/m
A2 7.8 1.00 72.95 18.25 | 27.90 cps 32.20 mN/m
A3 7.8 1.00 54.70 36.50 | 39.70 cps 26.51 mN/m
A3 7.8 1.00 ~ 36.45 54.75 | 34.90 cps 25.01 mN/m
A5 7.8 1.00 21.20 70.00 [ Precipitates /

The surfactant Surfynol 420 is used to reduce foaming in cyan inkjet inks. As shown in
Table 2, when Surfynol 420 is present in the inks at a concentration from 0.07% to 0.3% (by
weight), foaming can be eliminated while the surface tension of the ink is decreased and

the viscosity remains relatively constant.
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-27 PCT/[EP02B32402  6.00 1.00 92.92 0.07 7.61 cps | 37.54 mN/m

B3 6.00 1.00 92.85 0.15 6.85 cps | 33.57 mN/m

B4 6.00 1.00 92.77 0.22 7.01 cps | 31.58 mN/m

B5 6.00 1.00 92.70 0.30 7.60 cps | 30.44 mN/m

Color patterns are printed on polypropylene male mold for making FreshLook lenses with
the above inks (inks A2 to A5 and B1 to B5) using a 50 ym MicroFab inkjet head. It is
observed that the inks with lower surface tension allow easier jet control, but “coffee stain”
effect can be noticed. The “coffee stain” effect may be due to a non-uniform distribution of
the ink in the drop; the central section of the drops looks lighter than the edges (doughnut
shape). Those inks with low surface tension can be used to print lines, but may not be
suitable for printing multi-segment because of clogging of the nozzle due to fast drying of
the ink.

To avoid clogging of the nozzle, high boiling solvents, like glycerol and diethyleneglycol, are
added in the cyan inks. As shown in Table 3, surface tension values remain relatively
constant in the presence of glycerol and diethyleneglycol and the viscosity increases with

decreasing water content in the ink.

Table 3: Formulations and experimental data for glycerol and diethyleneglycol as additives.

Formulation % % % % % % Viscosity | Surface
# nelfilcon | PCN water Surfynol | glycerol | diethylen cps tension
blue 420 eglycol dynes/cm

Ci 6.00 1.00 92.85 0.15 0.00 0.00 7.10 30.82

c2 6.00 1.00 90.85 0.15 2.00 0.00 7.57 30.67

C3 6.00 1.00 85.35 0.15 0.00 7.50 8.42 31.20

c4 6.00 1.00 83.35 0.15 2.00 7.50 9.57 31.04

C5 6.00 1.00 88.10 0.15 1.00 3.75 8.52 31.07

The inks containing a higher amount of glycerol or diethyleneglycol take a longer period of
time to dry on the molds. Those inks require a longer drying time before filling molds with

polymerizable solution. If filling of molds with polymerizable solution (nelfilcon) without an
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Table 4 shows nine ink formulations having a higher color intensity (2% PCN blue) and
containing glycerol varying from 0 to 2% and diethylene glycol varying from 1 to 3.75%.
These inks are prepared from a master batch of ink (11.7% PCN blue, 18.9% nelfilcon and
69.4% water), which is prepared as described in Example 1, by diluting the master batch
with water or nelfilcon and by addition of the other additives (Surfynol 420, glycerol and

diethylene glycol). All percentage values are expressed in weight percent.

The clogging properties of these nine inks are tested on a single nozzle head (50 ym
Microfab inkjet head) using a bipolar pulse (dwell 38 usec/+50 V, echo 38 psec/-20V) at 65
Hz. To perform this “down time” test, the printer is shut down for 5, 10 and 15 minutes.
Once the printer is turned on again, the time necessary to obtain the first drop of the jet is
monitored. Tests are repeated at least three times: after every experiment, a burst of ink
was jetted to clean the nozzle and reset the meniscus to the initial conditions.
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Formulations containing more than 3% by weight of total humectants (diethylene glycol +

glycerol) clogs the nozzle the fastest. However, some diethylene glycol is necessary to
eliminate the “coffee stain” effect. The use of a prime waveform at high frequency during

the “down time” can totally eliminate the clogging problem.

All inks are tested for ink’s ability to adhere to contact lenses and to transfer color patterns
from molds to lenses in a series of rub tests. All lenses are made by polymerizing nelfilcon
in standard —3.00 D FreshLook molds (made of polypropylene). The female mold is filled
with 100 ul of nelfilcon using an Eppendorf multipipettor. The male mold is press fit over the
female and compressed to ~ 24 psi. The lenses are cured with Dr. Grébel’s light source
(UV-LQ 400/C, a high-pressure mercury arc lamp) for 7 seconds at ~ 0.5 cm. For Dr.
Grobel’s light source, a condenser and a 305 nm cut-off filter is placed in front of the light

source.

After curing, the molds are opened and the lenses are placed in a hydration solution for
approximately 30 seconds. The lenses are pealed off the male side and stored in a
packaging solution. Autoclaving is done using a tabletop heat sterilizer (typical cycle time

125°C for 45 minutes).

Initial rub tests are done by removing the hydrated lens from the packaging solution and

digitally rubbing the lens between either two fingers or a finger and a palm for approximately
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check if , the treatne fectin the print uallt and t transfer
of the | AlMReCHTER@dgiastotae Pkt PimeblEnd it hialb spttadlith Al iLs oy
t 0 obt ai andavigotasaligiemubbhdmbeedtne32 and 34 dynes/cm Corona treatnment of
the printed cups does not affect the quality of the print or the transfer
of the ink to the | ens. However, corona treatnent of the cups before
printing can affect the quality of the print, showi ng |arger drop

spr eadi ngxaple 3 enses are nmade by pol ynerizing a pol ynerizabl e conposition
(50.450% HEMA; 4.970% ECEMA; 1.200% EDVA; 1.000% MAA; 0. 280%/AZO 64;

42. 100% FreahLoak paleyolyppemtdere ads 3rpdtdd with a PCN ink (6% nelfilcon as binder,

1% PCN blue as colorant, 0.15% Surfynol 420 as surfactant, 1% glycerine and 3.75%
diethylene glycol as humectants, 88.10% water).

A Freshl.ook color pattern is produced on each male molds using an ink jet printing system.
The ink jet printing system comprises a 50 um Microfab print head that can be positioned
precisely at predetermined position by moving the male mold under control of a computer
along three axes. The male mold can be moved linearly, moved toward to or away from the
print head along a translational axis, rotated around a rotational axis which passes through
the apical center of the curvature surface of the male mold in normal direction, or tilted

around a tilting axis.

The molds are corona treated before and after printing to check if the treatment is affecting
the printing quality and the transfer of the ink from the molds to the lenses. The corona jet
machine is set up to obtain a surface tension between 32 and 34 dynes/cm. Corona
treatment of the printed cups does not affect the quality of the print or the transfer of the ink
to the lens. However, corona treatment of the cups before printing can affect the quality of

the print, showing larger drop spreading.

All lenses are made by polymerizing a polymerizable composition (50.450% HEMA; 4.970%
EOEMA; 1.200% EDMA; 1.000% MAA; 0.280%VAZO 64, 42.100% IPA) in polypropylene
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Similar results are obtained using an ink formulation containing double amount of colorant

(2% PCN blue). This ink passed the adhesion test as described above.

Example 4

A master batch of the magenta ink is prepared by grinding 34.8g (12%) Red 122 (obtained
from Sun Chemical), 26.1g (9%) nelfilcon and 229.1g (79%) water for about 24 hours with
the attritor grinding system described in Example 1. Red 122 is added first, followed by the
nelfilcon and water. The master baich is stored in a Nalgene bottle at room temperature

until needed. The master batch remained a liquid throughout the experiments.

Particle size analysis is done using the Horiba LA-920 particle analyzer on a Windows
platform. The refractive ratio index used was 1.53 for Red 122/water. Viscosity
measurements are done using the Brookfield LVTDV-I at 25° C, 60 rpm with a spindle 18.
Dynamic surface tension measurement are done using the Dyanmic Contact Angle

Analyzer CAHN DCA-322. The instrument is verified with water (surface tension: 72

dynes/cm).
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The particle size analysis of the original sample shows a large distribution of the particles

between 0.2 and 20 um. Only after few hours of grinding more than 96% of the particles
are less than 0.6 um. Ultrasonication of the ink does not result in any noticeable reduction in
particle size, indicating that the suspension is relatively stable. The Red 122 remains
suspended for many weeks. Foaming occurs in the master batch after the grinding step but

disappear in a few hours by standing.

The master batch formulation (12% Red 122, 9% nelfilcon, 79% water) has a viscosity of
43.8 cps. Inks are prepared from this master batch by adding nelfiicon (or water) and
Surfynol 420 and listed in Tables 5-6. All inks are stable for at least three weeks.

All inks listed in Table 5 can be jetted by a print head without ligaments and satellites. Most
inks show poor transfer from the mold to the lens and poor adhesion, during hydration. Ink
E7 (containing 7.8% nelfilcon and 2.8% pigment) shows good transfer and good adhesion,

even after autoclave.



Tabl e 5: Magenta ink formul ations tested for transfer and adhesi on.

Formul ati on #W % nel fil conW % red 122Vi scosity Transferadhesi on cps

El 5. 707. 686.00ARau1 i al no E25. 524.807. 67Parti al no E35. 701. O®0sTA@®ID1ADDart i al
E46. 305. 009. 10Parti al Partial E59.004.5019. 9Parti al no

E67.806. 3016. 3Partial no E77.802. 8011. 6Tabal es E87.505. 0014. 1Parti al no
Addition of a surfactant, Surfynol 420, 1 nproves jet qualities (no foam
and transfer from nold to lens. Inks listed in Table 6 adheres conpletely
to the |l ens befor and after autoclave. Table 6: Fornul ations with

Surfynol 420 as adtile Py Magegiarink farmylatiops testad fos Yansieysandadhgsionc e

#nel fil conl22% wat er Sur f ynol cpst ensi on dynes/cm

F17.802. %u%ﬁ% WO TSI g8 —éw%’quﬁggg i C&§Y3 3 %sfé? adhesion

F37.802)80 50 1513 4034. 10 4.7
F57. 8028068930030913" JBJ@ 2 _anp-?%z:) A Iubgt‘cz ba L’;lbavﬁalt imakﬂvri nk is
prepar ed—by—%rﬁfh—ng 045%2 { 12 ’() el lsgW 154 g7 oW Partial no

E3 5.70 1.00 5.66 Total partial

E4 6.30 5.00 9.10 Partial Partial

E5 9.00 4.50 19.9 Partial no

E6 7.80 6.30 16.3 Partial no

E7 7.80 2.80 11.6 Total yes

ES8 7.50 5.00 14.1 Partial no

Addition of a surfactant, Surfynol 420, improves jet qualities (no foam) and transfer from

mold to lens. Inks listed in Table 6 adheres completely to the lens before and after

autoclave.
Table 6: Formulations with Surfynol 420 as additive.
Formulation % % Red % water % Viscosity Surface
# nelfilcon 122 Surfynol cps tension
dynes/cm
F1 7.80 2.80 89.40 0.00 13.00 49.94
F2 7.80 2.80 89.33 0.07 13.20 37.35
F3 7.80 2.80 89.35 0.15 13.40 34.10
F4 7.80 2.80 89.27 0.22 13.10 30.65
F5 7.80 2.80 89.20 0.30 13.30 29.22
Example 5

A master batch of the yellow ink is prepared by grinding 34.8g (12%) Yellow 154 (yellow
154 (Symuler Fast yellow 4192) from Sun Chemical, 26.1g (9%) nelfilcon and 229.1g (79%)
water for about 24 hours with the attritor grinding system described in Example 1. Yellow
154 is added first, followed by nelfilcon and water. The master batch is stored in a Nalgene
bottle at room temperature until needed. The master batch remains a liquid throughout the
experiments.

Particle size analysis is done using the Horiba LA-920 particle analyzer on a Windows
platform. The refractive ratio index used was 1.53 for yellow 154/water. Viscosity
measurements are done using the Brookfield LVTDV-II at 25° C, 60 rpm with the spindle 18.
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and water. The master batch is stored in a Nalgene bottle at room
tenperature until needed. The master baggh remains a liquid throughout the
experinents. Particle size analysis is done using the Horiba LA-920
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Dynam ¢ Contact Angle Analyzer (CAHN nodel DCA-322) The surface tension of

wat er i sPU@rtpiieidgt o be 72 dynes/cm prior to testing. A 50 pm M croFab
head is used for all the experinents. A bipolar function (waveform (38
psec dwel |, 38 psec echo) is used for all the jetting experinents using a
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camera wy,th ni.fiar d Al l...] enses
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filled whibradddepiednebfstioboscopi LED light Boeged of thenprintépmpkdstave takBnaising
printed male nold is press fit = over .the femal e and conpressed to - 24 psi.
The | ens8LaTeE4 W&P g@q%ff‘teﬁfqﬂs.an&rc(?BQ?Ct?g gln"f1 Sg@%%r S¥SPV- L 400/ C a hi gh
pressure nercury arc lanp). The irradiation time is adjusted to have an W

dose of 22 mli/cn2 with the UV jntensity . suyred before every set  of..
exper i mehfldenses QrezmedﬁW@ﬁbﬂﬂefﬁmé}eﬁﬁ?% ' ,fe#'h8°'ﬁm° 'SPE\{%IBéﬁé‘&?'df%f&'ed
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solution. Autoclaving is done using a . tabletop heat sterilizer ypi cal
Sycl e {1 ROTibS IRorRlB A A ORPHRSES 0 PPN IEoaiTs Eurspriar SrPRr R campl o
are di st ghlydb edviel Y690, 8 hiyrantdsde niditurfakEBmpY tHeafadiaieH R8s iPadjtéted to
sanple, the particles size 1s,determned to be within a narrower

di st ri buhPyhan SYgdosgi af R2rodiewf wWithéhe dVintenaly measuredhagfore gAY 8¢t fr 3 hours
of gri ndigRge Htfs ¥~t ?—%nj SOVERP). Iner Q?rﬁ'fgil,(mgerﬁol\'ﬁgﬁré SSehedh 2 1éndtB are peeled

U trasonication o e master batch 1n oes

off from the male side and stored in PBS packaging solution. Autoclaving is done using a

tabletop heat sterilizer (typical cycle time 125 °C for 45 minutes).

The particle sizes of the original sample are distributed between 0.5 and 100 um. After
ultrasonication of the sample, the particles size is determined to be within a narrower
distribution range with 70% of the particles less than 1 ym. After 3 hours of grinding more
than 96% of the particles was less than 1 pm. Ultrasonication of the master batch ink does
not result in a reduction in particle size, indicating that the suspension is stable. Yellow 154
particles remain suspended for many weeks. Foaming occurs in the master batch after the

grinding step, but the foam disappears in a few hours by standing.

The master batch formulation (12% Yellow 154, 9% nelfilcon, 79% water) has a viscosity of
33.4 cps. Various ink formulations are prepared from this master batch of the yellow ink.
These inks have a viscosity between 8 and 11 cps, an amount of pigment in the range from
about 1% to 8%. All ink formulations can be jetted by a 50 ym MicroFab head using a
bipolar waveform to control jetting of thé ink. There are no ligaments or satellites. Color

intensity is high with the formulations containing from about 4.5% to about 8% of Yellow



not result in a reduction in particle size, indicating that the suspension
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| oads of 3 giremerizqBmyTahle T.ower anobunts of nel filcon (4 8% do not adhere
to the lenses. Results of sone inks are sunmarized in Table 7. Table 7:
Yellow ink fornulations tested for color intensity, transfer and adhesion.
For mul at i on #Fabk fieVdliowdokiarmuiagphsiestdddonetloyintensitys tranatthesd adhdsdmps
Gl7.501. 0010. 50Tot aI yes 6. 602. 759. 30Tot aI yes 635 704. 507. 80Poorno
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ocran tha &y nsi-on—ofl-a—vellow i

O g - porearipthe purale o Ebaha0| s kb aner than
0. 07 % 2.75 9 30 Total yes

4.50 7.80 Poor no

4.50 9.90 Total yes

8.00 11.40 Partial no

Tables 8 and 9 shows ink formulations containing a surfactant, Surfynol 420, and their ink
properties. Surfynol 420 can decrease the surface tension of a yellow ink and eliminate
foaming. But, when the amount of Surfynol 420 is higher than 0.07 %, the surface tension
of ink remains relatively constant (~ 30 dynes/cm), since the CMC of Surfynol 420 is

reached. Viscosity does not change with Surfynol 420 concentration.

Table 8: Properties of yellow ink formulations containing Surfynol 420.

Formulation % % Yellow % water % Viscosity Surface

# nelfilcon 154 Surfynol cps tension
dynes/cm

H1 6.6 4.5 88.90 0.00 8.32 50.71
H2 6.6 4.5 88.83 0.07 8.02 34.10
H3 6.6 4.5 88.75 0.15 8.42 30.78
H4 6.6 4.5 88.78 0.22 9.02 30.03
H5 6.6 4.5 88.70 0.30 8.60 30.16




of ink remains relatively constant (- 30 dynes/cm, since the CMC of
Surfynol 420 is reached. Viscosity does not change with Surfynol 420
concent r awWpD®n/040B&bl e 8: Properties of yellow ink fornmul at PcREPODM46L Ni NQ
Surfynol 420. Formul ation % % Yell ow % Vi scosity Surface #nelfilconl54%
wat er Sur f ynol cpst ensi on dynes/ cm H16. 643588. 900. 008. 3250. 71

H26. 64. 588. 830. 078. 0234. 10 H36. 64. 588. 750. 158. 4230. 78

H46. 64. 588. 780. 229. 0230. 03 H56. 64. 588. 700. 308. 6030. 16 WD 03/ 040242 - 35
PCT/ EP02/ 12402 Tahl e 9. Properties of yellow.ink fornul ations containing
Surl ynol 420. Fof?th‘?gt PP '%Véﬂeﬁ%' f%@‘&!é‘é‘?'}%ﬁ%t?ﬂ'?'a%g“ﬂﬁ%‘?'f“izpcon154%
wat er Sur f ynol cpst ensi on dynes/cm J16. 66. 587. 000. 009. 6050. 86

J26. 66. 58%PdR4O Y- 7234°. 1P Ud3R1ER- -werdr 1P9. /43U. QO Viscosity | Surface
# nelfilcon 154 Surfynol cps tension
dynes/cm
J1 6.6 6.5 87.00 0.00 9.60 50.86
J2 6.6 6.5 86.93 0.07 9.72 35.19
J3 6.6 6.5 86.85 0.15 9.72 30.65
J4 6.6 6.5 86.78 0.22 9.67 30.41
J5 6.6 6.5 86.70 0.30 10.00 30.35
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PCT/ EPO2/ 12402 -36 Wat is clainmed is: 1. An ink conprising: a solvent; a
col or ant ;wend/o#2lsz nder pol yner, wherein the ink is charaeCempPart4by havi ng
a surface tension of fromabout 20 MV mto about 60 MV m a viscosity of

| ess than 50 centi poi se, and good adhesgen to a nedical device. 2. An ink
of claim1, wherein a color inmage printed on a nedical device with said ink
passes a sterilization surviving test. 3. An ink of claim2, wherein the
steriliz aQn Lest dl S, an autocl ave-surviving test. 4. An ink of claim 2,
wherein t 'éa ShoAMeP t he solvent is from about 60% and 99% by weight,

pref erably rom about .70% and 95% r ef er abl rom.about 84%
DR 0ot by ABNGHEOMMIRAE A SRET A E b A s eeb s Y e R about 1
%to abO]chtclﬁ@%tbl él’%fze%yg’gstvmg)i eﬁrﬁ@lﬁb{sufm ohfravh @bbufld0 ndl/rake aboliEs MN/mei ght
nore prefera om abo 5%t o _about 10% py wei ght nd wherein the
amount of t\H%cosﬁybp{)lp%ﬁw{gqqe&ppglﬁglﬁnd(gqog Sﬁ@nig%"ﬁpq?ﬁifjﬁ}qf?' preferably
from about 0.5%to about 8% by weight, nore preferably fromabout 0.5%to
5% by weight. 5. An ink of claim4, wherein said ink can be used to print a

col or i nﬁge Awrink pleciaiat] cuherelga s IpRoESrngdan 3 mefiEel giceryiHySalg fkem 6.

An ink of chaisBy 4 steMigaRinsu@n jcal device is an ophthalmc lens. 7. An
ink of claim®6, wherein the ophthalmc lens is a contact lens. 8. An ink of

claim6, wherein the colorant conprises at |east a pignent and/or at | east

a dye whi Cbxnéﬁkefa&ﬁ{z Wrénﬂ%é(st%?iligﬁbﬁtégt id é}ﬁgutu{ab@e gmvrvt}@, 8@l vent. 9. An

ink of claim wherei n the colorant conprises at east a pignent and
optionally a dye. 10. An ink of claim8, wherein the pignment is selected

o e B B e PSP PR B
weight, preferably from about 70% and 95% by weight, more preferably from about 84%
and 94% by weight, wherein the amount of the binder polymer is from about 1% to
about 30% by weight, preferably from about 1% to about 15% by weight, more
preferably from about 5% to about 10% by weight, and wherein the amount of the
colorant is from about 0 to about 15% by weight, preferably from about 0.5% to about
8% by weight, more preferably from about 0.5% to 5% by weight.

5. Anink of claim 4, wherein said ink can be used to print a color image on the medical

device by using an inkjet printing system.
6. Anink of claim 4, wherein the medical device is an ophthalmic lens.
7. Anink of claim 6, wherein the ophthalmic lens is a contact lens.

8. Anink of claim 6, wherein the colorant comprises at least a pigment and/or at least a

dye which is either sparingly soluble or insoluble in the solvent.

9. Anink of claim 8, wherein the colorant comprises at least a pigment and optionally a

dye.

10. An ink of claim 8, wherein the pigment is selected from the group consisting of PY1,
PY3, PY34, PY35, PY37, PY40, PY53, PY 65, PY83, PY95, PY97, PY108, PY110,



PY120, PY138, PY 139, PY150, PY151, PY153, PY154, PY175, PY184, PR60, PR83,
PR88, PR122, PR171, PR176, PR177, PR202, PR264, NR4, NR9, PV1l, PV19, PV42,
PB15: 1, PBO938402PB15: 6, PB16, PBl17, PB27, PB28, PB29, PB3®CTRBS8%124PB36,
PB60, PB72, PB73, PB74, PBkl, PBk6, PBk7, PBk8, PBk9, PBk1O PBk11l, PBk19,
PBk31, PWi, PWs, D&C Blue No. 6, D& C &B%en No. 6, D&C Violet No. 2, _
carbazol e violet, phthal ocyani ne green, copper conplexes, certain chrom um
oxi des, various iron oxides, phthalocyanine blue, titanium dioxides,

I h [
cobalt bl ueryTaney eegeviGp PRBIS BB Gy ENTIBPRAISERS Bheg

t he sol vent PR88,J7R123, Riti7d . BR3 a6 RREG), PEROR, PR264,AR4, rNRQJfP\bII1aPM19;LPV42

e ona. | niPBISRTPE15 KBIGE, Bafe SSOM | PRI S0 P BRYR PL0IPath,
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di oxane, etdhybmamesedgmioxizieh Woabkth ®lack @-KMBBOEL YAnEY 1R 15‘4h| or obenzene,
ni troethane, ethylene glycol nonomethyl ether, butyl acetate, 1-butanol,
met hyl isobutyl ketone, nitronethane, toluene, ethanol, diethylene glycol,

benzene, 1di @nhiyk ofdikiars, vﬁid’n@:ﬁ@h@%m@nls@@é&%oﬁeeérgaﬁblsewé%; propyl ene
glycol, hexane, ethylene glycol, and fornani de An ink of claim11,

mhereln the solvent is nethyl ethyl ketone, cycl ohexanone or

cycl opentigan@naniosf daifi #£, WHarélh tﬁé“@rbﬁﬁit: so%nts"é’i’e kBlkciel fr‘blm"‘{h@ d‘&uce gort sptfn t he

bi nder polyner is a crosslinkabl e ¥ conpri ses abl e
groups. 15.°f&¢eioRR. dlpokqls (e 1methm@+ ethaneh erPrgnot, Fﬁ@Ppr@QQH gkeﬂds,ekegwmp is

capabl e of dspggi é%lo%eﬁ%Won&Qé@ioﬁ rﬁﬂ@dte idr%?&?acéﬁ@ne%gfhp ﬁ,{/rr(?ll] 'ng,]r éﬁp

wherein the fornmed new coval age 1's selecte
consi st i ng dnetvkignaamicss B@‘ﬁol@%ﬁ@@ﬁ, @eﬂngle@e rideatiiketity! Solioxistn gemnizon WO

037040242 38 BlabloRBO&h A9 Aichioride, isophorone, o-dichlorobenzene, tetrahydrofuran,

diacetone alchol, methyl ethyl ketone, acetone, 2-nitropropane, ethylene glycol
monoethyl ether, propylene carbonate, cyclohexanol, chloroform, trichloroethylene, 1,4-
dioxane, ethyl acetate, ethylene glycol monobutyl ether, chlorobenzene, nitroethane,
ethylene glycol monomethyl ether, butyl acetate, 1-butanol, methyl isobutyl ketone,
nitromethane, toluene, ethanol, diethylene glycol, benzene, diethyl ether, ethanolamine,

carbon tetrachloride, propylene glycol, hexane, ethylene glycol, and formamide.

13. An ink of claim 11, wherein the solvent is methyl ethyl ketone, cyclohexanone or
cyclopentanone or a mixture of thereof.

14. An ink of claim 11, wherein the binder polymer is a crosslinkable polymer comprises
multiple crosslinkable groups.

15. An ink of claim 14, wherein each of the crosslinkable group is capable of forming a new
covalent bond or linkage.

16. An ink of claim 15, wherein the formed new covalent bond or linkage is selected from

the group consisting of alkane (carbon-carbon single bond), alkene (carbon-carbon



doubl e bond), ester, ether, acetal, ketal, vinyl ether, carbamate, urea,
am ne, amde, enamne, imne, oxine, amdine, imnoester, carbonate,

ort hoest ewp oploeiephonat e, phosphi nate, sulfonate, sulfinaPel/EPat/iidoe,

sul fate, disulfide, sulfinam de, sulfonam de, thioester, aryl, silane,
si | oxane, heterocycles, thiocarbonate, -8&iocarbamate, and phosphonam de.
17. An ink of claim 14, wherein the nultiple crosslinkable groups of the
crosslinkabl e poI yrrer are capable of formng inter- and intra

crosslinka sli . S
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vinyl alco °Sp Butyral, vinyl acetate, acrylic acid, methacrylic

aci d, hydroxy C, to CG al kyl ester of acryl ic acid and rret hacryl ic acid,

amno C, to ester of acr and t hacr I|c r ol
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hydr oxyet hylo\ihé 5%&{35‘5!@ of RNy iRRF-aHERTY crdkkkag8dwithBtHeh kroblirkaBlem 19,
wherei n the bl nde is a crosslinkabl e polyner which is prepared
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HEMA) / et h | cohol / | but | vinyl
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MVA/ N, N- di rret hylacryl am de (DVA); and MWW N-vinyl-2-pyrrolidone (NVP). 21.
An i nk ofgclal; m&ﬂclaléﬂ # RHer&GR SR sk BSh 6‘? GEQPR) brmfgrcolo%%naéé"oh e r%dlﬁéla' m

21, V\/nereln e Crossl | HKer 1's selected from t he group consi sting of
hexanet hy| esayiahi bysusincamtrdjet Rridtingodystem® di i socyanat e, bi s(i socyanato
pheyl ) met hane, epoxi de group-contai ni ng conpounds, diaziridine-containing
compounds, ethylene glycol dinethacrylate (EGCDMA), diethylene glycol

di net hacryg| amenk efcd‘laﬁhehegmemh thalcrassliypkalble pobynieyi (1)isteheadiuidsitresin, polyssdter,
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pol yet hyl eﬁﬂ@mnﬂ@rsmbﬁmmﬁ@dmyl alcohol, vinyl butyral, vinyl acetate, acryhc acid, methacrylic
acid, hydroxy C, to Cs alkyl ester of acrylic acid and methacrylic acid, amino C, to Cg
alkyl ester of acrylic and methacrylic acid, glycerol esters of acrylic and methacrylic acid,

vinylpyrrolidone, vinylchloride, hydroxyethyl methacrylate, and dimethylacrylamide.

20. An ink of claim 19, wherein the binder polymer is a crosslinkable polymer which is
prepared from one of the following pairs of monomers: hydroxyethyl methacrylate
(HEMA)/ethoxyethyl methacrylate (EOEMA); vinyl alcohol/vinyl butyral; vinyl alcohol/vinyl
acetate; methyl methacrylate (MMA)/HEMA; MMA/N,N-dimethylacrylamide (DMA); and
MMA/N-vinyl-2-pyrrolidone (NVP).

21. An ink of claim 14, further comprising a crosslinker.

22. An ink of claim 21, wherein the crosslinker is selected from the group consisting of
hexamethylene diisocyanate, 2,4-toluene diisocyanate, bis(isocyanato pheyl)methane,
epoxide group-containing compounds, diaziridine-containing compounds, ethylene
glycol dimethacrylate (EGDMA), diethylene glycol dimethacrylate, ethyleneglycol
diacrylate, allyl methacrylates, allyl acrylates, 1,3-propanediol dimethacrylate, 1,6-



di acryl ates, and 1, 4-butanedi ol diacrylate (BDDA). 23. An ink of claim 21,
wherein the anmount of the crosslinker is fromO to about 10% by weight,
pr ef er ablwofosom2about 0.5% to about 5% by wei ght, nore pr@Cemebt/y2467 om
about 0.5%to 2% by weight. 24. An ink of claim21, wherein the ink has a
good transferability froma nold for nalgong the ophthalmc lens to the
ophthalmc lens. 25. An ink of claim8, wherein the solvent is water or a
m xture of water and one or nore organic solvent. 26. An ink of claim 25,

wher ei n the,bi nder_, pol ro cr assl i.nkabl 0 C ri se
o osel i nkanhraipElo BfeifEviat, § b SediiBafabRla  ron bR isping gtono- aRu ©
crossl i nkabbciytatesipabl1e4-bltahediol digcglate(@DDA)Val ent bond or |inkage. 28. An

ink of claim27, wherein the formed new coval ent bond or |inkage is
selected from the group consisting of al kane (carbon-carbon single bond),

al kene ( @y ranink aF biaimn ZdQMlbér@mhﬁé(é}nouﬂﬁbﬁhe cﬁislém’ﬁker RARIA, to leeb @ 1,0% bpyl
et her, carbammate, urea , imne, oxine, amd

i noest er , WELhh GHEIPEDILFER GBOHL- S%ptﬁ(??;S?HBﬁoé’tté’ weighlog19re Prefrably dromsaug,
sul finate, gukfigdes vyuldighte, disul fide, sulfinam de, sulfonam de,

t hi oester, aryl, silane, siloxane, heterocycles, thiocarbonate,

t hi ocar bamat e, and phosphonam de. 29. An ink of claim 26, wherein the

mul tiple g %ﬁhkB{‘é‘lQinﬁfzgr\M%In%er%ﬁéjééc%]d !?éﬁﬂszér‘ébm GohiBm ?or‘?gér:lgf%jp of

formng inter- and intra crosslink ages W't r cr ssllnka of
t he sane tyje aphthimicdermio thggehihglnipdansa nacr ool ecul ar matri x can be
formed to bind or trap pignents onto the contact lens. 30. An ink of claim
29, wherein said ink can be used to print a color inage on the nedical

devi ce by25udimigk ahclaink evhereinihi sgiveptsis siatenaDa0Bikug® oiRateCanEpPoR bl e - 40
31. An ink [ wherein the crosslinkable polynmer is a poly(vinyl

al cohol) Orgufgaﬁ%ge.rolm\c/aéfl ve thereof. 32. An ink of claim 31, wherein the

bi nder polyner is a crosslinkable pol yner based on a pol yhydroxyl conpound

which is 5B, ql\ |'nl\</%¥ é:la Qé v?hé?’g yt‘u\a/ 'blr%ler 8&%9129 |Js)a cr}ggshplgabefe polymelul:omprlses

multiple crosslinkable groups.

27. An ink of claim 26, wherein each of the crosslinkable is capable of forming a new

covalent bond or linkage.

28. An ink of claim 27, wherein the formed new covalent bond or linkage is selected from
the group consisting of alkane (carbon-carbon single bond), alkene (carbon-carbon
double bond), ester, ether, acetal, ketal, vinyl ether, carbamate, urea, amine, amide,
enamine, imine, oxime, amidine, iminoester, carbonate, orthoester, phosphonate,
phosphinate, sulfonate, sulfinate, sulfide, sulfate, disulfide, sulfinamide, sulfonamide,
thioester, aryl, silane, siloxane, heterocycles, thiocarbonate, thiocarbamate, and

phosphonamide.

29. An ink of claim 26, wherein the multiple crosslinkable groups of the crosslinkable
polymer are capable of forming inter- and intra crosslinkages with other crosslinkable
groups of the same type or different type so that a macromolecular matrix can be

formed to bind or trap pigments onto the contact lens.

30. An ink of claim 29, wherein said ink can be used to print a color image on the medical

device by using an inkjet printing system.



wei ght of at

| east about 2000 which conprises fromabout 0.5 to about 80%

based on the nunber of hydroxyl groups in the poly(vinyl alcohol), of
units of wbaspermula I, | and lit | and I1l, or | and || rpam@Eprp2/i24b H2
CHCH1 R31 O I .OR2 1 in which Ris alkylene having up to 12 carbon

atons, Rl is hydrogen or |ower alkyl, R20-s an olefinically unsaturated,
el ectron-wi t hdrawi ng, crosslinkable radical, preferably having up to 25
carbon atons, and R3 is hydrogen, a Cl1 -C6 al kyl group or a cycl oal kyl

group,

H2 H2 CHCH | RB 1 O ~ 101l R -R7 wherein R and R3 are as defi ned

above, and R7 is a primary, secondary or tertiary amno group or a
quat er nar3j. &mn ink ofjcleimp 26 whéreinftbe wrdsalinkapl’ pdbytrer is B pelyi(viyl @ooholRor a
i ndependent hé(m%?lvé&%ré)&fhers is hydrogen or a C1 -C4 alkyl radical and X is

a counterion
H2PO4 , WO 03/ 040242 PCT/ EP02/ 12402 -41 3 O | TJ H2 H2 CHCHIIl | HR N

R8

le HS04 , F, d-, Br, I-, CH3 COO-, O+, BF, or

32. An ink of claim 31, wherein the binder polymer is a crosslinkable polymer based on a

polyhydroxyl compound which is a derivative of a poly(vinyl alcohol) having a molecular
weight of at least about 2000 which comprises from about 0.5 to about 80%, based on
the number of hydroxyl groups in the poly(vinyl alcohol), of units of the formula I, 1 and II,
land Ill, or land It and I

H H

2 2
C C
\CH/ Nen” N
Re |
0] 0] 1
Ry
R—N/
AN
Ro

in which R is alkylene having up to 12 carbon atoms, Ry is hydrogen or lower alkyl, R; is
an olefinically unsaturated, electron-withdrawing, crosslinkable radical, preferably having

up to 25 carbon atoms, and Rs is hydrogen, a C; -Cs alkyl group or a cycloalkyl group,

H, H,
C C
N P AN
Ry |
0 0 I
R_R7

wherein R and Rgs are as defined above, and R; is a primary, secondary or tertiary amino
group or a quaternary amino group of the formula N*(R’)sX’, in which each R',
independently of the others, is hydrogen or a C; -C, alkyl radical and X is a counterion,
for example HSOy, F', CI, Br, I, CH; COO’", OH’, BF, or H,POy,



in which Rand R3 are as defined above, and R8 is the radical of a

nonobasi c, dibasic or tribasic, saturated or unsaturated, aliphatic or
aronmat i ¢ wogamniee4aci d or sulfonic acid. 33. An ink of claiPer3d®p2/vdier ein R2
is aradical of the fornula IV, preferably of the fornula V
-CONH(R5S-NHCOOq -R6 -OCOR4A(IV) -GG NH (R5-NHCO O q -R6 - P
COR4(V) in which p and g, independently of one another, are zero or one,
and R5 and R6, independently of one another, are |ower al kylene having 2
to 8 carbon atons, aryleng, havi 6 to 12 carbon atons, a saturated

bi val ent cycl oal i ph%f c{p /a ng 6 to 10 carbon atons, aryl eneal kyl ene
or al kyl enearyl ene h ng 7°tg” 14 carbon atons or aryl eneal kyl enearyl ene
having 13 to 16 carbo atlgms I and in which R4 is an olefinically

unsat ur at ed copol ynerilzabj® rladi cal having 2 to 24 carbone atons,
preferably having 2 8 onatons, nore preferably havi ngl® to 4 carbon
atons. 34. An ink of claijn 32, further conpri sing one or nore conponents
sel ected fromthe group onsj st | ng of a crosslinker, a surfactant, a
humectant, a pol ynmerizatigpa—-Ri-t-ggor, an antimcrobial agent, an

anti oxi dant agent, and an anti-kogating agents. 35. An ink of claim 34,
conpri si ng 1w e angris agarasaieflaed abweaﬁndtﬁhrmmemadltalmfraabmnba@rct drbaab@tlt
2% by wei g A t 5% b

pref erably 'P%% aagjurfagg 05090n ?eﬁ%{i}talrgh% SIJra?o,%Qt‘P%§r99§.§ ac%or Sr‘r‘lqg'?)'f3 aﬂ ai m 35,
wherein the surfactant is Surfynol 420, Surf noI 104, Pluronic F109, or

comr i 5 B AT A2 i SRR Al Shfeoigia v

wei ght, preferably from about 1% to about 15% by weight, nore preferably

from about 1 %to ab % by, nk of cIa|m37 wherein the
hunmectant is glycerol Nﬁ/ Fgwmg%@%‘l Rdeectﬁﬁﬁ“ene gl ycol (V)or

1, 3- di oxane- 5, 5- di mgCaNEHReNHYCRLO) eR} heraod-R,39. An ink O(fv cl ai m 38,
wherein the hunmectant is glycerol and/or di et hyl ene gl ycol. 40. An ink of
claim 34, conprising a crosslinker in an anmount of fromO to about 10% by
wei ght,  pr éh ehiblyahd ghina8ssrdetpdh s atakér, 8% ReYo WEbIA tand B SR Ef er abl y

from about
independently of one another, are lower alkylene having 2 to 8 carbon atoms, arylene

having 6 to 12 carbon atoms, a saturated bivalent cycloaliphatic group having 6 to 10
carbon atoms, arylenealkylene or alkylenearylene having 7 to 14 carbon atoms or
arylenealkylenearylene having 13 to 16 carbon atoms, and in which R, is an olefinically
unsaturated copolymerizable radical having 2 to 24 carbone atoms, preferably having 2
to 8 carbonatoms, more preferably having 2 to 4 carbon atoms.

34. An ink of claim 32, further comprising one or more components selected from the group
consisting of a crosslinker, a surfactant, a humectant, a polymerization initiator, an

antimicrobial agent, an antioxidant agent, and an anti-kogating agents.

35. An ink of claim 34, comprising at least one surfactant in an amount of from about 0 to
about 2% by weight, preferably from about 0.1% to about 0.5% by weight, more
preferably from about 0.2% to about 0.4% by weight.

36. An ink of claim 35, wherein the surfactant is Surfynol 420, Surfynol 104, Pluronic F109,
or Pluronic F38.



0.5%to 2% by weight. 41. An ink of claim40, wherein the crosslinker is
sel ected fromthe group consisting of hexanethylene diisocyanate,

2, 4-t ol uewe odiokeryanat e, bi s(i socyanato pheyl) net hane, @epOAPAE12402

gr oup- cont ai ni ng conpounds, di aziridi ne-contai ni ng conmpounds, ethylene
gl ycol dinethacrylate (EGDMA), diethyl ed@ gl ycol dinethacrylate,

et hyl enegl ycol diacrylate, allyl nmethacrylates, allyl acrylates,

1, 3- propanedi ol di net hacryl ate, 1, 6- hexanedi ol dinmethacrylate,

e L
ink has a gBYbWeidhhmeleratty fer)ﬂ(bPPb bdo Pt 1556 biraveighy, motecpretemelaly frolnens t o

the contact ahQRS% h3abdit 790y Rbight.ai m 42, wherein the ink is stable for at
| east 4 hours. 44. An ink of cl alm 43, wherein the ink is stable for at

| east 8 hours. 45. An ink of claim44, wherein the ink is stable for at

| east 24 : ; i i [ Lnk. is stable for at
| cast 7 dayeurigl of Qainfr. Wherghn fis Ayetianu 8 URICEIE SHifiphd G td S oiGe oo

| east t hr eeoinb@kioxane 53 Hiaaham! o4 BiRTE/tEReR. 12402 48. A net hod for nmaking
an inkjet ink of claim32, conprising grinding a pignent in a liquid

m xture conprising water and a bi nder polyner, wherein the binder polyner
is a pol3g( nrigk obtleiohd8,)wiereia thie humattavtis elycprll whvlonyietraliarehgdol. 49. A
met hod for making an inkjet ink, conprising grinding a pignent in a liquid
m xture conprising an organic solvent and a binder polyner. 50. A nethod

of c: aihijBArYihleomlaim Bevmdmmlﬂj ierng@d:rg%ihkéﬁnan(arnﬁlﬁf ﬁitbﬂflf@rlﬁ!(ﬁtoféﬂo?llﬂ?d%%ltb)%ﬁed on
a pol yhydroxyl . conpou ich is erivativye of a polyvinyl alcoho

havi ng a r?ﬁ%’@%f@e%gﬁ@mmBBOLARO-%&% %&ﬁﬁzm%mem RISHRs AR dront almt
about 0.5 t@5%0wR% 80%eighased on the number of hydroxyl groups in the

pol y(vi nyl alcohol), of units of the formula I, I and IIl, | and IIl, or |
and Il and Il H2 H2 CH-QCH | 73J

41. An ink of claim 40, wherein the crosslinker is selected from the group consisting of
hexamethylene diisocyanate, 2,4-toluene diisocyanate, bis(isocyanato pheyl)methane,
epoxide group-containing compounds, diaziridine-containing compounds, ethylene
glycol dimethacrylate (EGDMA), diethylene glycol dimethacrylate, ethyleneglycol
diacrylate, allyl methacrylates, allyl acrylates, 1,3-propanediol dimethacrylate, 1,6-
hexanediol dimethacrylate, 1,4-butanediol dimethacrylate, polyethyleneoxide mono- and
diacrylates, and 1,4-butanediol diacrylate (BDDA).

42. An ink of claim 32, wherein the ink has a good transferability from a mold for making
the contact lens to the contact lens.

43. An ink of claim 42, wherein the ink is stable for at least 4 hours.
44. An ink of claim 43, wherein the ink is stable for at least 8 hours.
45. An ink of claim 44, wherein the ink is stable for at least 24 hours.
46. An ink of claim 45, wherein the ink is stable for at least 7 days.

47. Anink of claim 46, wherein the ink is stable for at least three weeks.



O I /R R-NI R in which Ris alkylene having up to 12 carbon atons, R
i's hydrogen or lower alkyl, R2 is an olefinically unsaturated,

el ect r on-wotobde@wt ng, crosslinkabl e radical, preferably haeirmpo2/goto 25
carbon atons, and R3 is hydrogen, a C, -C6 alkyl group or a cycloalkyl
group, H2Z 2 CHCH I R3 1 01 ,O1l R -R#3aherein R and R3 are as defined
above, and R7 is a primary, secondary or tertiary amno group or a
guaternary am no group of the formula N+(R )3X-, in which each R,

" count er ort mepl e Aokl s e R bRARR 8, iy by pinedfin i

WD 03/ 04024 MbRare/ EARISTYAGRer @kl &pine2r payidet, whesein ta %inﬁbrllﬂdl);merﬁt R NbR8_ in
whi ch R and ' . nd. i he radi cal of a nopnobasi c,
di basi c or P Wf\@{ggﬁgéh@g{”ﬁg é\%gg‘%/gh%@%&l'?%?ké%}ot])al i phatic or aromatic

organic acid or sulfonic acid. 51. A nethod of claim50, wherein the

I ndi | f d | technique .selected fromthe group
consi st i oR et for Salfifa 3 i fou, SMPIG orrieh? mioment &1 & hauia fhixiue

comprising an organic solvent and a binder polymer.

(7))

50. A method of claim 48, wherein the binder polymer is a crosslinkable polymer based on
a polyhydroxyl compound which is a derivative of a poly(vinyl alcohol) having a
molecular weight of at least about 2000 which comprises from about 0.5 to about 80%,
based on the number of hydroxyl groups in the poly(vinyl alcohol), of units of the
formula ], land II, I and lil, or 1 and Il and 1|

Hy Hp
C C
~ o en”
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O O I

Ry

R—N/
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R

in which R is alkylene having up to 12 carbon atoms, Ry is hydrogen or lower alkyl, Rz is
an olefinically unsaturated, electron-withdrawing, crosslinkable radical, preferably having
up to 25 carbon atoms, and Rs is hydrogen, a C -Cg alkyl group or a cycloalkyl group,

o C
\CH/ o N
Ry |
o) o) II
R—R7

wherein R and Rg are as defined above, and Ry is a primary, secondary or tertiary amino
group or a quaternary amino group of the formula N*(R’)sX’, in which each R',
independently of the others, is hydrogen or a C, -C, alkyl radical and X is a counterion,
for example HSO4, F, CI', Br, I, CH; COO’, OH’, BF, or H,PO,,



honogeni zers, mcrofluidizers, sonalators, ultrasonic mlls, roll mlls,
ball mlls, roller mlls, vibrating ball mlls, attritors, sand mlls,
vari ki netwo odiosqeensers, three-roll mlls, Banbury m xerspcarmPoyexpi cal
mil.

-44 -
s
\CH/ \CH/ ™~
Ry |
o} o} I
H
R——N—Rg

in which R and Rs are as defined above, and Ry is the radical of a monobasic, dibasic or

tribasic, saturated or unsaturated, aliphatic or aromatic organic acid or sulfonic acid.

51. A method of claim 50, wherein the grinding step is performed using a technique
selected from the group consisting of high speed mixers, Kady Mills, colloid mills,
homogenizers, microfluidizers, sonalators, ultrasonic mills, roll mills, ball mills, roller
mills, vibrating ball mills, attritors, sand mills, varikinetic dispensers, three-roll mills,

Banbury mixers, and vertical mill.



