WO 03/040242 PCT/ EP02/ 12402 -1 |Ink Fornulations and Uses Thereof The
present invention relates to an ink that can be applied by inkjet printing
systens twoocomi2art | enses or to the nolds that will be u®ed/mPo2/nakEe
contact lenses. In the latter case, the ink printed on the nold surface
woul d be incorporated into the contact_kens as constituent nononers of
contact lens are then added to the nold and polynerized. In either case,

the resultant product will be a contact lens to which colored i nk has been
applied. In addition, the present invention provides a nethod for mnaking
t he i nk lnk Fopmul : r88f Furthernore, the present invention is

related to a nethod for naking a colored contact | ens. BACKGROUND For
cosnetic purposes, contact |enses having one or nore colorants dispersed in
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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/ EPOXck2483etic 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.



-2 Further, nmultiple color layering is difficult and time consum ng.
Further still, the design and printing process using this nethod is slow
After an woage4i282 ful |y designed, it can take about two weeglPobeis07 e t hat
image is etched onto a cliche. The set-up is painstakingly detailed and

| engt hy when nore than one color is going.to be printed on the | ens using
this nmethod. The difficulty and sl owness of this printing nethod 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.

o 90c ABArE el e Rl ool iing Sinsuid dbotne? seb i< Hesomantoas
for pri nTphm@hg mb@ssambmgrmgaemeuuoahs Blogh Pﬂlé&bhﬁl‘yia?mls&ulﬁpd‘ésﬁ’gﬁed' Roan tdfeuever,
inkjet in are, not suitable for_printing col or ed i mages

on a conf 8‘t’ %é(?&?ﬁ@%qg?a%? FichedRie a clighfe 'B%Wf Urdg RRinstAkiNGY,  such

as hi ghl ﬁet&lﬂ@@ldﬁd Wﬁgmhérﬁ%hé fhﬁnQ:fne%B}br @édlﬁgl{o 6@§|'lrﬁb'§bﬁ the TeHQ u%ﬁu@'tﬁuga”t
snooth, and health safe unmber of inks is known in the art cl1che

ink tr ané‘?%rPOdpr-rlhﬁtq'fﬁ@“%(farﬁ’o‘-f'@’?’n?%é'@is 8rintipg méﬁh?é&h'b'@r@s'@&ﬁtﬁ@@gle& such

Kk
[ S PR SRSRl ol Sy it WGB3 B e

i nconpat Abihe Pojiitich PetehAset | y-avai | abl e i nkj et pr| nting systens or incapable
of producing a high quality color inage on a contact |ens when using an
inkjet printing system Therefore, there are needs for inks suitable for

pri nt i ngInk-igi rymtigaanetbed oy be US@G@ repiace the@bow&}mehmmmeﬁ@damrlmmpmg

SRy SR RgR R AR B & ERabQbn Sh0REVer DlielRE: Rt e s T s
sonme Ef tateenqjlsfmabie IfclmI psmtmgn colbee;qgmages g{na cohtaogle?gfbgf?;ﬂe tgé)é rag nolngr@elt : ona
crosel i nadb bIRE Bt ufn 3SRl ARQUESimol ERUPS B el ferlilrsifiiye.”

char act erubstesistant,ssmoatic,caid hedithwefety.nan about 50 centi poi se (cps),
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contact lens. Examples of such inks include those disclosed in U.S. Pat. Nos. 4,668,240,
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



hours, nore preferably at |east 24 hours, even nore preferably at |east 7
days, nost preferably at |east three weeks); an appropriate color |evel
(vi si bl e Wo oapeRs2 uniformdrop formation (i.e., no "coff@eTaprar/n40nr
"donut" effects); jet stability (i.e., ease of formation of individual
drops); good adhesion to nedical devicesg-good transfer froma nold to a
nmedi cal device made in the nold; and stability of ink in inkjet nozzles
(mnimal drying or crusting effects). In another aspect of the invention,
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contact lens (hard or soft), or an intraocul ar

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.



|l ens. An "col ored ophthalmc lens" refers to an ophthalmc | ens having a
color image thereon. A "colored contact |lens" refers to a contact |ens
(hard or wofogp4draxi ng a col or inmage printed thereon. A c®COEPIIERE2 can be
a cosnetic pattern, for exanple, iris-like patterns, WLD EYE TM patterns,
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preferred approach for making a color contact lens, since this approach may produce a

colored contact lens with smooth surface that may provide more comfort to a wearer.

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



havi ng a volunme of 200 picoliters or less. An ink with a | ow surface
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and col orcontdot Iensvot moktlequat e col or intensity). For better print quality,
an ink preferably has a surface tension of fromabout 25 nMmto 60 m\/' m
and nore preferably has a surface tension of fromabout 30 M mto 55
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skill ed ingvihgeigidolow | | know how to adjust the surface tension of an ink.
The ink of t e present invention also has a viscosity of 50 centi poise or
|l ess. In order for an inkjet printer to jet an ink, the viscosity of the
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opht hal m ens, nore preferably a contact lens. As used herein, "good
adhesion to a nedical device" in reference to an ink neans that a col or
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dots with adequate color intensity). For better print quality, an ink preferably has a surface
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.
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In a preferred embodiment, the ink of the present invention has a good transferability from a
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.



sol vents can be used, so long as they can dissolve the binder in the ink of
the invention and aid in the stability of the colorant. Exenplary solvents
i ncl ude, wotohowr41imtation, water, acetone, alcohols (ePgT/EPIEIZONOI ,

et hanol , propanol, isopropanol, etc.), glycols, ketones, esters,

cycl opent anone, cycl ohexanone, tetrahydrofuran, acetone,

nmet hyl - 2- pyrrol i done, dinmethyl formam de, acetophenone, nethyl ene

di chl ori de, dinethyl sulfoxide, ganma- butyrol actone, ethylene dichloride,

i sophorone, o-dichl orobenzene, tetrahydrofuran, diacetone alcohol, mnethyl
et hyl ket‘\cﬁ@é/enh@@'t e watez o pny éBFPfQB%ﬁé organis/PIdnerggnigselvenh Asetknown Settfml@

propyl e”@ol@@ﬁt?%ﬁﬁP@ us8y SPBRY a8 c%H'o%l’s% vaIihe bﬁwGEPi{ﬂi}ﬁé fe}ﬁée??ﬂl)@fﬁ@ennon and

1, 4- di oxane acet at e, eth ene nono
chl or obenidgndhe ﬁablhmqf Hmweolorenhﬁxemla@r wwnts nslvgeewiiyout dmitetion, atsr

ot hanol | 0P8t Ao BId netrBAAL b SBfno SbnBIEAIHE ) bRLHE Werones,

; glt \r/ 25‘{“ esuedaepyclmmmnoeleecgilthhnoriaem%gd@fmh eaoetcgieygtrmlthyl-fangg\i/)ggo;?n de. A
organic g(Sne\}@ﬁtf ml%lmqée a%t ﬂ %“t%géh aélngH‘i %%YI S”ﬁ/ﬁ?g? LB e or
wat g(r) ! m b?ﬁg?igatmg@mmmmu?mu ‘rsf)ﬁimm mdlcbllb?r?l:enmgltetcaﬂydrqwrgfzﬁl enﬁ
ovcor ! Peeotbeaeoflibt sy Eibim oo EnRur BRRpaeLdBusne B T

car boxyl emea%rdﬁylafwcdrb@taie Sayclohexawl, ehlsrofaimqh@ﬂ@roemymeps uld‘d»%e ethyl
organosulf oxi d

(s ol ane), o hol rlvatlves
on bl ol nCaiatey P iena s moap B EAs, O RS RAE AEOB SR R Ry
et her, ehmbme&fyl ¥ihbt, \besw a@éfhféo 1 aiummlrﬁethmédmg@ ketond) eir&bP¥As Abiudheone,
2- pyrrolldlnone cycl ghexyl pyrroI| one, hydroxyet hers sul f oxj des,

| act ones ethapely diethyiang| 9o benapnias diethy Pﬂ@ﬁﬁﬂéﬁ‘ ine, ¢atper iedrehlondt.ai ne,

and ot hebro‘b?ieﬁé gﬁfébPHEﬁar%r eWdlcte Jijcof aRl forntBRiigs.i al s, as wel |l as mixtures
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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.



-8 "Dye" means a substance that is soluble in a solvent and that is used to
inpart color. Dyes are typically translucent and absorb but do not scatter
| i ght. Dywe ogam2e¢nver both optical regions of contact |emsEEPartR402
non-optical regions of contact |enses. Nearly any dye can be wused in the
present invention, so long as it can bggused in an apparatus as described
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i nsol ublgdiafiorngigeeus sol uti ons. Pignents may include (based upon the col or
i ndex nane), without limtations: PYl, PY3, PY34, PY35, PY37, PY40, PY53,
PY 65, PY83, PY95, PY97, PY1 08, PY1l 10, PY1l 20, PY138, PY 139, PY150,
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Bl ue No. 6, G een . 6, C Violet No. 2, carbazol e violet,
phthalocyanlne

“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



WO 03/ 040242 PCT/ EP02/ 12402 -9 green, certain copper conplexes, certain
chrom um oxi des, and various iron oxides. Exanples of preferred pignents
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I n generghemid¥®y mMay not provide a highly opaque print that pigment can
provide. Preferably, a colorant in an ink of the invention conprises at
| east one pi grrent A colorant also may be a m xture of two or nore
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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.



skill in the art will know how to sel ect col orants. WO 03/040242

PCT/ EPO2/ 12402 -10 "A binder polyner" refers to a crosslinkabl e polyner

t hat can we osneedt i nked by a crosslinker or upon initiatiPpca/EPy2/824¢hem cal
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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
groﬁps, 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,



am de group, sulfhydryl group, -COOR (R and R are hydrogen or Cl to C8

al kyl groups), halide (chloride, brom de, iodide), acyl chloride,
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form various copolymers. Other polymers could include various cellulosic resins, polyesters,

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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condi tions or addi nP additives such as chain transfer a%en_ts (e.0.,
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m xture QwwalSfucipg one or nore water soluble or mscible organic
solvents, a binder polyner is preferably a crosslinkable, water-

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%,



sol ubl e pol yvinyl al cohol). Mre preferably, a binder polyner is a
crosslinkabl e polyner based on a pol yhydroxyl conmpound which is a
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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.



atons. Met hyl ene and butylene are particularly preferred. In the formula I,
R1 is hydrogen or |ower alkyl having up to seven, in particular up to four,
carbon atwom3/oMas:r preferably, Rl is hydrogen. WO 03/ 040222 THEIZ/BER02/ 12402
-14 Inthe formula I, R2 is an olefinically unsaturated,

el ectron-w t hdrawi ng, crosslinkable radigcal, preferably having up to 25
carbon atons. In one enbodinent, R2 is an olefinically wunsaturated acyl
radical of the formula R4 -CO, in which R4 is an ol efinically unsaturated,
crosslinkabl e radical having 2 to 24 carbon atons, preferably having 2 to 8

car bon dnmformphrlt Reiglaargly maé%ma@gat%\ﬁlmoz-mmdzwww inksible rapiipal,
ol efi n' gma @:Ezs% %ﬁ'aha%é%%né%ﬁib%ai M'aﬂ%lémﬁc%u@‘l car bon
pre era I ' ken

at ons | havi ng car bon’ a In particul ar
al keny! unsatungted acy rale@JrQicbhe foamdiad’m -ﬁ‘&?‘t lin(whl%h Bylsmneql@frmlly uasaierafed,havi ng

2 b e OB et (T SRS B RE T il 10 5 SBERN o
preferrqmrtlcsmrlyrmdaf’ereﬁdy hﬂ@@atgﬁ@arbqnsatome acyl radl cal of acrylic acid or
met hacrylic acid. In another enbodinent, the radical R2 is a radical of the
formula IV, preferably of the formula V -CONH (R5-NHCOOq -R6 -OCOR4

(1V) - [THe dktir(i &0y NidsQ0r D d), cr&SliniEbiR EOiIdalRE Mavingh 2 P4 lcagboaradorgs is

i ndependen of ~one anot her, are zerg or. one nd R5

| ndependriersptopIgRd niBercp 2l LB i B R RS e ' & srben

at Olms ladtﬁhgﬁﬁaméwaﬂmefbrétﬂy éﬂ’(eﬁyﬁl‘rbomgalgmscarb\orsaﬂomsatce@xbm}mlefihényl 2-
cycloal i phatic grou o 10 on atons eneal kyl ene or

o ky ! endipherh RRUPR. 2 bhtbnishexerib soanai Brety tules &5t SRR vERe
havi ng liefePredSse tHab e PG gratpds tHe ardgl eliicRAof #eryis adrf drmeethadrgheacid.Lower
al kylene R5 or R6 preferably has 2 t carbon atons and is, in particular,

| inear. Suitable exanples include propyl ene, butylene, hexyl ene,

di met hylyg ff% r%?%nﬁegwn&ﬁrthé%ﬁl@eﬂw is RFRfi& abine foehby NeRefeAibY) 6MBe RS or R6
is prefera henyl ene,” which is unsubstituted or substituted by |ower

al kyl orfOrrOlvlé al koxy, in particular 1,3-phenylene or 1, 4-phenylene or

nmet hyl -1, 4- phenyl ene. COANISl"%hLLN@L@@ @’ \[ﬁ Neoepel oal i phat {1¢) 9roup R5 or R6
is preferably cycl ohexyl ene 0 K

[CO-NH- (R5 -NH-CO-0), -Rs ~O},-CO-R4 (V)

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



cycl ohexyl ene(l ower al kyl ene), for exanple cycl ohexyl enenet hyl ene, which is
unsubsti tuted WO 03/040242 PCT/ EPO2/ 12402 -15 or substituted by one or
nore met WD ogoezps, for exanpl e trinethyl cycl ohexyl enenet irgirarez/124bnr
exanpl e the bival ent isophorone radical. The arylene unit of

al kyl enearyl ene or aryl eneal kyl ene R5 { R6 is preferably phenyl ene,
unsubstituted or substituted by | ower §< or | ower al koxy, and the

al kyl ene unit thereof is preferably Iomer al kyl ene, such as net hyl ene or
ethylene, in particular nethylene. Radicals R5 or R6 of this type are

t her ef or er subefitetealidy omdh enymbrnmaethyhgloaps, for exaeiphy triavetipyieytidhengenemethylene,
| enear. ferably phenyl ene(l ower

Aryl
aIr iy?gﬁgoﬁﬁéﬂwl@ﬁ%e ﬁ%leﬁg'“%m%e E?di%??bon atonms in the al kylene unit, for’

exanpl e phenyl eneet hyl enephenyl ene. The radicals R5 and R6 are preferably,
i ndependently of one another, |ower alkylene having 2 to 6 carbon atons
phenyl en

ubsti.t d bstltuted | ower kyl, .c ohexyl ene
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i n whi chreaeh, 8' this g}?@@@ﬁﬂ@@dr& pdfe by pﬂfeh?l@ﬁembﬁhyféh@r@mhﬁénep&leﬁﬁlenﬂ
al kyl radl cal is a counterion, for exanple HS04, F, O - -, CH3

coo, O+, BF or H2PO4. The radi cals R7 are, in partlcul ar, am no rmno-
or di (I O)Qﬁ/'ierfé%}kyl'e}léﬁﬂy%e léJbrefé’rhER%HMh)ﬂQﬂnéI@we( bw@he)@hléwlémﬁmh@m no

or tertiary am ho |ncorporate3 into a heteroc rlnq for exanpl e - NH2,
- NH CHB, up m(@:p@jogn atqypf mhs)alkylene@zmvsmexawhe;pheﬂx)w)eeth apepEBylsRenyl or N
HOIn the fornmula Ill, R8 is the radical of a nonobasic, dibasic or
tribasic, saturated or unsaturated, aliphatic or aromatic organic acid or
sul f oni cThe ratlicalerBs and Belaresptetesabiy, Radepesdenthraf\vag anpther.deweapalisylenq baning
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03/ 04024
or cyclohexylene(lower alkylene), unsubstituted or substituted by lower alkyl,

phenylene(lower alkylene), (lower alkylene)phenylene or phenylene(lower

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



acid, maleic acid, fumaric acid, itaconic acid, citraconic acid, acrylic
acid, nethacrylic acid, phthalic acid and trinellitic acid. For the
pur poses WD oBhie41i nvention, the term"lower" in connecti oRCREPN2/12A0L cal s
and conpounds denotes, unless defined otherw se, radicals or conpounds
having up to 7 carbon atons, prefer ablﬁ having up to 4 carbon atons. Lower
al kyl has, in particular, up to 7 carbo atons, preferably up to 4 carbon
atons, and is, for exanple, nmethyl, ethyl, propyl, butyl or tert-butyl.
Lower al koxy has, in particular, up to 7 carbon atons, preferably up to 4
car bon eacidhnaleinacid; Bimdrigracisk daponic acid tisagonicadidnacrylipresiso methasotioagidor
tert-but : | up -R5 -NHCO O is present if g is one and
absent Fﬁﬁ%alﬁc}%gjegrﬂoa./ﬁib%qﬁ'ner(s& containing a crosslinkable group in which g
is zero are preferred. The bivalent group - CONH—(RS NH-COOq - R6 -0- is
present S aone sent S, I r ni n
b osel 1 ictifepdpates AN EIReRtEn: b bl g B Bed B Witk A e <
conpri sidugnpountis denstes, uriless caafmedsﬂiemnlsabiaducgtsm:mompomlﬂs:ha\mwg gp te, the
i ndex ¢ |s referabI%){ §I ?@ Partlc (? eference is given to polyners
HREYI"EY

conpri si $PY AOPSsRY 5‘19615’60 A°Bt s one, the index q is zero
and R5 is | ower alkylene Intheforrrula N+(R)3X— R is preferably
hydrogen or Cl -C3 al k and X ace hite, for
exanp o Lwer EhEETEBRUEE s ted ey stoimoapiiorily B e SRRB oI ne, A

crossli ngafm@xdwéwmém F@ﬂ’@/l ipsopg BuRj bbtedfbdtpe formula I, 1 and Il, | and
111, or 1"and Il' and V can be prepared in a manner knomn per se For

exarrpl e, US pat. Nos. 5,583,163 and 6,303,687 disclose and teach how to

pr epar e l?&v&b”‘f%'lléo%ﬁ?é qn Bamémamp%rvpédr%mgtom bﬁeferablytdbetofzpwyé@aﬂomsl afdd
, Advant age usi ng pol yvinyl al cohol s

or abovelsdééexafméﬁ, fﬂ@i*p%btqtb@@ @TOPQESY:)PPWXN)RV te"&PB‘@KY}I )s as binder polyners
is that these binder polyners can also function like a dispersing agent to
suspend many pignents over a wi de range of viscosities. A "dispersing WO
03/ 04024 PhergvalaraoupR 48>-NH-CD-Qgisiresent if uds ope esd mbsentdt @isszere Rolymers

surf ace- agi ko SUDSIANEHIATHE i frfbrRHSRRShARnohIPT ove the separat i on

of partlc reven npi ng e ink of the invention
can optionally |nclude a crosslinker A "crosslinker"” refers to a

The bivalent group -CO-NH-(Rs -NH-CO-0)q -Rg -O- is present if p is one and absent if p 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



conpound conprising two or nore functional groups as they are known in the
art. A crosslinker nolecule can be used to crosslink two or nore nononers
or pol ymewormslogeut es. Many different crosslinking reacti ecs/EPouidobe used
to cause chem cal bonding between different binder nolecules to entrap the
pi gnented particles. Mst crosslinkers . gre identified by bi- or

mul ti-functional reactive groups. For exanple, diphenolic, diepoxide,

di mel am ne, diisocyanate, diacrylate, or dialdehyde resins could be used.
Mul ti-functional phenolics have structures as follows: (HOH2CPh)n R9, where
Ph i s a aghefior “dispsugantivigfars 19 asbtiaemastivesoRsianse addadion suspensien s

fst(:)lr Lgrﬁreﬁg}dﬁ%%@orww&%%%@%kﬁt% ﬁﬁe&i ona’ﬁ ih:c];S: lelt?\émsn?ncl ude

the following: (H2CCRIOCOO) n-R9, where R10 is a -Hor -

Mul ti f , RO.
b azoni e o0k rBBIRN R Sp el IRfsls bioBRe S%i%é%s?‘% G (AR,
Mel ami ne;orrmuns cbmpﬂsmg\e/vd ot move mcmnaugtqueasm@-memwm iRthie artvder e Mel i s
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vi nyl al cohol, vinyl butyral or vinyl acetate, and nis a nunber greater
than 1. M xed functi o S _cou be u . oxi.de th an

| Socyandiay SiierBrPSHRKrEseaas Soud oA ehus<ensMied BREVAG pEhiser
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Exenpl ary epoxi de-cont ai hin roups i_ncl ude bi en die X|de
epi chl oriykir¢rinulijdynetienalgea %‘Vg &Z_ RXRIpPIe, cigh?&oﬁ‘érd 'H’éﬂlarB'InSUps

coul d bedugégﬂnﬁfénﬁﬁbﬂﬁld’ig 6rVM?aI9é X&W@sm%@ul@b@l&sedVWlGI'h%rﬁstﬁ;él pr%noﬂftbéd‘raﬁ)len
or ClL to and said ORZLl{Hci{oups are attached to a carbon atom

that i §trpatuwesms @How gratlePhity, Wapre 4t iacHleneborgui: Myl gwictigpal sppyidrs
at om ?r[xé‘tuFEsej%ﬁ@\st &CPI?@bH')‘nkﬁJ MdltﬂﬁJn@ﬁ'&’ual Wldﬁahﬁ!bts Hdv'é‘tlﬁéﬂ?dII@nggNA

hexanet hy ||soc anat e | ene gl ycol dinet acrxl ate
di et hyl mctyrgdup(}j,‘ mphm%ﬂ@ﬁ 89 Multi-functional diacrylates include the followmg

(H.CCR1,C00),-Re, Where Ry, is a —H or —CHs. 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
NY
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.



et hyl enegl ycol diacrylate, allyl nethacrylates, allyl acryl ates,

1, 3-propanedi ol dinethacrylate, 1, 6-hexanedi ol dinethacrylate,

1, 4- but arwoiodlo4aturet hacryl at e, pol yet hyl eneoxi de nono- an@CTdiPaziiashat es,
and 1, 4-but anedi ol diacrylate (BDDA). In a preferred enbodi nent, the ink of
t he |nvent| on further conprises a surf ant. The term "surfactant", as
used herein, refers to a surface-active compound as that termis known in
the art, such as, for exanple, Surfynol 420 and Surfynol 104 (fromAir

Pr oducts) Pluronic F108 and F38 (from BASF). A surfactant can have one
ore mor eOber funetiansl peowips goplidrist Yepdiscontaining By et metee-Gilr-Pddte wWhateindh: ¥ an

orevent 'SEIGNSy 510 Ehh Ak e A AR FR Bl g PR ERlshef &1 & LR a1t

surf act aapartsf@mafqnmic mg.)orml‘@dﬂuntmmgeﬁmffomgﬂn amm pr esent ly in an ink
formulation is preferably in a range from about 0.02% by wei ght to about
0.5% by weight, nore preferably from0.07% by wei ght to about 0. 3% by

wei ght . Wm;ﬂa@kpeefeaaderdssﬁﬂldemmblsxdej withdue limidatips, bexaneshyl@liis®yabgtewei ght to

0.3%Db i t | f
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such as &lQ&?Ia¥e@sr§hd$4kmaﬁedlﬂ didurylatet ( BDBA':;HD' es of humectant include
gl ycerol, hylene gl ycol dlethylene gl ycol, and

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

gl ycerol In%eﬂs’n%ﬁ%t?&@m@hﬁ’ el ihk of theaBientioR furthee compaAdessa Qirfa%tarmlTﬁeeﬂ’enhead
can be mni'm zed. is discovered that in an aqueous based ink of the

i nvent i oisurfaetdnti Qﬁrﬂ&?ﬂ hergipelieéars G%é%é‘?ﬁ‘a@w&ﬁ@m@%‘”ﬁ as thatieraia kpewn in
formati Ofie iy, bKH &850/ WkafHipl Sk hBP420 SRS @ynol P01 IARAG Fiod LI SRILRIRD| es

nvolving first printi n% ona mol d and then transferri ng
fr om WO BBIQATCRE38 (hom BASE). ﬂamtactarm@aﬂ averene ofeomarq @ffe fofiqwinafkneiess: dry

before fy| Adjl{%tﬁeh%r%%ls:q?r‘(glémoftﬂ?lnketB%effd%fnmtB%pIB% fép%\%lo‘ﬁ df'pﬁb‘r‘ﬁ&tm xture

and cl osi conprising too much ycer ol not dried
bef ore fpdlrtlclesg aanddocprwnhgetﬂmb@rpwwwl@dsplmme@tmmc'%d bl eed durl ng the
filling and closing. Addition of diethylene glycol can inprove the print
quality by mnimzing coffee stain

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



effect. In a preferred enbodi nent, the ink of the invention further
conprises: 0 to 4% preferably O to 2% by weight glycerol; and 0 to 15%
pr ef er ablwo23w$m45% by wei ght di et hyl ene glycol. More preCerE®nt/y2401 he
total anmount of humectants in an ink should not exceed 5% by weight. The
ink of the invention can further conprige one or nore conponents sel ected
fromthe group consisting of polynerization initiators, antim crobi al
agents, antioxidant agents, anti- kogating agents, and other additives

known in the art. "A polymerization initiator” refers to a chemcal that

can st arthe mqidioanensz Bhe ik mesicry leeforeAillingothe meald withitmlenpiferimingr can be a
phot oi ni t § LAl g J i LAt i ] t hat
it at dioiftzefle Bukd hAH: anfcldefiihe ribf IEAE R coh BBt Auc oFEbRts

phot oi nindtdtied betarefilihg andiclosimgt thelinletends to ainearandyzleed dpirgnibrdiling and

benzoyl phosphing..o0xi - 1 : r.. and
T gacur ToRmRt ARl Sisied s 65 ThigBEkfhe MRS My BY BRGRARy CBHAEMRE
| RGACUREef228h9. A thermal initiator is a chemical that initiates

pol ymeri zation reaction by the use of heat energy. Exanples of suitable
thermal initiators include, but are not limted to, 2,2'-azobis (2, 4-

di net hyl jpenjraieridteniboelimer, fie-iak obihe if@ntien hyther opapksest Oitb @Y, pRefatablz@bi s

(2- methyl butanenitrile), peroxi such .as nzgQ eroxide. and the |ike.
br ef 6 abby b phaen belon A oy e et 2RaBEM by BRIPE uERmAE ol
ant i - KoggabieiteREMN, thé &ft@rdmdint af BlvasEaAls ik BAInkcehduldathi eRceaPO% Hsweighun as
"kogation" 'being fornmed on the exposed surface of the heater el enent

(resistor element) in thermal ink-jet printers. "Kogation" is comonly

defined fs hRes e ihgbritidn CanliGh cHe8mpkiad 8he BRAmbREcohBSHehtdSelSated ABM thSoNe
suitable antimcrobial materials include pol yqluat er nary ammoni um conpounds,

such asgroHpsensitingraf pelymaiizefian inftigiossrantigicrabiglgenisy apiipxigad goepisgpnti-(e. g.

" POLYQUAT L i ts. A MRLLARBRL KRbwAM iHeagterials that can be utilized in
the pr eé@r%tl?%gﬁls’on are peptides, \\,/V\DIOBI 040242 PCT/ EPO2/ 12402 -20 ot her

pol yquats, mucin, nucin mmcs, glycopeptides, glycoproteins, silk

Rt S e R N

ar e di scpageerijationjir@iat®atasmive a photoinitiator or a thermal initiator. A photoinitiator is a
chemical that initiates 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,



Nos. 5,866,113 to Hendriks et al. and 5,891,506 to Keogh. In one enbodi nent
of the invention, an ink fornulation conprises: a solvent in an anount of
from abouwoelAs@m 99% by wei ght, preferably from about 70uxard2/eE56 by

wei ght, nore preferably from about 84% and 94% by wei ght; a binder pol yner
in an anount of from about 1 %to abouby30% by wei ght, preferably from
about 1 %to about 15% by weight, nore preferably from about 5% to about
10% by wei ght; and a col orant in an amount of from about 0 to about 15% by

wei ght, [hef er l%t from about 5% to about 8% by weig nore preferably
f r om aboQt"H PEYAYHSSHHHY: WB?'BH‘P'm'angB(C?Re@P@?? &B’CQH{S&S‘%!W@HK pitteinpecellulose,

i nvent i odextedh mrrdthénfﬁmﬂ-ﬂqmdbiﬁl of @RTbhEBRAI edtiiéd. vent in an  mount of from
about 60%& g] 99% b vvel ght, preferably from about 70% and 95% by wei ght,
more pr ePl 9y X318 as&wcwwr@mwtmw@h@ls e slisstpsedio UySedtatent an
amount  afosf 5 866,aPOW HeRBMQ ealaptéhd%oémbyoaﬂt%'l@éug preferably from about 1 %
to about 15% by wei ght, nore preferably from about 5%to about 10% by

wei ght; a colorant in an anount of fromabout 0 to about 15% by wei ght

preferablyodd Qr'?fb@@ﬁ\‘ébt thﬁe(oiﬁ\%n Ul lﬁl%?ol?%ul%@btg :abm riSey: § s%!\l%bfirnaam é’méu

about 0.5%to 5% wel ght; a crosslin n anoun fTrom out 0
t o about freuoghsyt Ge %ogﬁﬂd 935 @veveaahtypmmhlmﬁgmamuswmammﬁ% bs%dlghtvmo@ht

nor e J y r ferred
embodi B Ay ot A2k ol 930 £y ALY bl ol G ARouREGH Bl °1'
mount of abewrih% batvos G05almdweighs, ipyefarsblytfrgm |abelﬁte‘r°zab¢ gbcbwtdrﬁ"/abpmelgm%@rbd

95% by () 94.% b wei a_bi nder
pol yrer pﬁelfan noun?bwt?/ﬂoo%% 391/%%/8@@ é ogtﬁ/“b t bfrr%'f‘erabl y
f r om aboabouit @/Eotaboabw% byk'y%lw pratergbily frorroammbes‘%ltca%wtmony Wéﬁgm rhdfet O

about 10% in an, amount of from about 0 to about 15%
by wei ghP ?%ngé ?90'#@051?2 b30 g‘%hflo about 8% by weight, nore

preferably fromabout 0.5%to 5% by wei ght; a crosslinker in an amount of
from abort Ofto bout .10% %fy efe ably from about 0.5%to about
596 by wel TG PreISH R BP BRLG Y TGSl G Mo BTMHOD SPBI TSRS gifeN eap a8

surfact amouhnofafbrﬁas@urttso% ahd gm/abnw@gﬂt pkePerdBRUton? db ot 7684 ghd o5R RS er abl y
fr om about gty % to ab 5% nor e referably from about 0.2%
0

to about WEI9AbMRIE REGTERPIY f Wﬂ‘@?Pb‘Z@)“é’@?WéﬁéﬂO‘ﬁP'ﬂ h@dbindey Polymef In an amount
of from about 1% to about 30% by weight, preferably from about 1% to about 15% by

an

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; 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.



I n anot her preferred enbodi mrent of the invention, an ink formnulation
conprises: an ink fornulation conprises: a solvent in an nount of from
about 60%verdo9R292 by wei ght, preferably from about 70% amdT3P0e/Rsonei ght ,
nore preferably from about 84% and 94% by weight; a binder polyner in an
amount of from about 1 %to about 30%by; weight, preferably from about 1%
to about 15% by weight, nore preferably from about 5% to about 10% by

wei ght; a colorant in an anount of from about O to about 15% by wei ght,

preferably from about 0.5%to about 8% by V\Blg nmore preferably from
about 0. @%@@%@J%?rf%ﬁ@ﬁf’d'm%ﬁ eﬂ?)@é'l“f‘%ﬁW@P ayink formmiatien compripesnaalidut 0 to

about10f4RuiaHEN Edthprikel abRbhtin fah%m@wromcbb‘é%z b0, 2hRSobHy Righe oht

nore preferably fromabout 0.5%to 2% b ght surfactant in an anpunt

of from Rigiablp from wio%ﬂ@r&ﬁ%ubwelgmr @p@rmfeyablv amedsut 8d%1amd 9456 about
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and a hunectant nt o fromabout O to about
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provi des a preparing an in i'nvention
conpr i sekomrabnui mg%atopabgmé&% hyrweight, mmreiprﬁe«ablyérouoamuwl 59§ tevatery weight; a

bi nd ' | |
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refers to a process in whi s are uce

o1 it noheneBRgiEan antuit BEMern ABoakS B ok BEedbPAEhT o ekl Shoviding

techni qug dgout 15AWGaVEIGER, MotTpiiera Mpa:row sbsut P2 ® adue e byedleight hods
i ncl ude: high speed m xers, Kady Il's, colloid mlls, honpbgenizers,

m crofl ui di zers, sonalators ultrasonic mlls, roll mIIs bal | mIIs
roller mpgldrdiher IaQ.B@étl tlﬂg pb@éelnt Mvbhion golitibs an%thédia%r@'béﬂlrfg arY mkieKinRethe
di spensers, three-rol | s, Banbury m xers, or other techniques known to

those skimeihed of the Inéerwom Wl%@@ﬂ@%ﬁ@l@%ﬁm 3 fauid mIXigs eNRIEINayatet ms
and | nt eéﬁ@&%dehﬁawer Khelfide r\%lyﬁsér&a,%e% pokﬁ&ﬁyl)al&%roﬁ orara%fn%ml Y,

pi gnents are groun usin vertical ball tical mll is an
effici enﬂWeFQ@éerﬁf@F@%ﬁﬁ@ﬁsgﬂi@@ﬁ RAYMeRt wajeh iss derdvatiye 9‘p§)PP'¥§"Wb@'ﬁO'§Q{)ear i ng

and i npagf, uﬁgﬁé ﬁf‘o?ecuérw rﬁfo'f §llcaStRMt Eﬁfﬁwﬁ’iﬁh B &flanB& d.5 8 hbodis an

attritor grihding syste rrsin
80%, based on the number of hydroxy groups in the poly(vmyl 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.



inpeller, a shaft, a drive mxer and a container conprising beads having a
di ameter of about 1.6-2.5 nm WO 03/040242 PCT/ EP02/ 12402 -22 The

previ ous wWpIserwr e Wi Il enabl e one having ordi nary skill PCA/RPhZ12401 t O
practice the invention. In order to better enable the reader to understand
speci fic enbodiments and the advantages thereof, reference to the
followng non-limting exanples is suggested. However, the follow ng
exanpl es should not be read to limt the scope of the invention. Exanple 1
This exanple illustrates how to prepare a master batch of an ink. A naster

bat ch of il Getiolid KisbidsireSARERSLIEYNE haRAY agdiﬁir? skif ivnBYari@i hdtke itfon oxi de
bl ack (pignent), 40. 9%6%14;? nel fil Cé)n éacr%/{ at ed- I %'\I"/i'bnél al c%%ﬁgl ) and
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EMS T60, BYK Gar rl_connected t ! LN} St . 1ne shaft
s ar i vl e T Bns o st S Rotde, 2R et SBa g FBIaniehy 500 m
Zirconia beads (1.6-2.5 mmdi aneter, BYK Gardner) are placed in a 500 m
stainless steel water-jacketed container (500 ml capacity, BYK Gardner)
along with the Teflon inpeller head Typical inpelling speed is 2200 rpm

The pignent (iron oxide black) is added, followed by the nelfilcon and the
wat er . T'ﬁ’éamlh'ﬁél | er speed is set at 1000 rpmand allowed to grind over a

72 hour eriod., The beads are renpy ring the resulting liquid

t hr ough IS ﬁ)éagﬂple,&mﬁﬁgtteggnoygpglﬁe%af@\?ﬁ?%sg rlt%ﬁclfh éf ag]r'ég'ar ed by gr?ndi ﬂg 43. 5¢g
(159 titaniumdioxide, 49.69 (17% nelfilcon and 196.9g (68% water using
t he above-descri pbed tri.tor grindi syste di n he aboye-descri bed
G nai o BRI aIeS of Riarisdtigl bRt BY oBidine Fle iR bY Wbrel G ERRSBERT i ng
32 g ( 1LpiiRentChb oy e4%p helfigon (ddyi2Eh- pall (vinyraiohahot) ahdioe2g1 d 3894} atevat er

usi ng the above-descrjbed attrjtor ﬁl’l ndi Eg Sést,e accor di nﬁ t he

above- de¥it amairitgr 9nARNG SR c e AT grindingsygiRtis dsvelpPeg RSNgiR SOMd rast er
bat ch of Taifahtsthdid ilftfinbelBSEMS e, Hy oG aREN oA ttBH to 8/8e salnfgsstenar ed by
gri ndi ng pltgrrents in ethyl lactate or | PA (i soproglano,l for 72 hours wth

|
a bal | nshaft Teephaft i dsipD &y andeTaw PRYK1/1Q NpiiRCkRIEdMFid ARPIO&tNately RE M
sl urri eszit@hiald2@41.6-2.5 mm diameter, BYK Gardner) are placed in a 500 ml stainless steel

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.



WO 03/ 040242 PCT/ EP02/ 12402 -23 Particle size analysis is carried out
using the Horiba LA-920 particle analyzer on a Wndows platform The
refracti weorcapismz4i ndex used was 1.04 for PCN bl ue/water, PCIEPIDI24DI ON
oxi de black/water and 1.49 for titanium di oxide/water. Viscosity
measurenents are perfornmed using the Brpokfield LVIDV-11 at 25C, 60 rpm
with a spindle 16. It has been discovered that a nelfilcon/water nedium
provided a good grinding nmediumfor the PCN blue, iron oxide black and
titani um di oxide using the vertical mll set up (the attritor grinding
syst en) .Partide gize @palypisds qargﬁéwhusmmh@tlﬂqnbau% Heppieleiapplyzel orea Mindews

three pigIRRMSThe wtac\m, lﬁéﬁ{lfs%td vid 1.64 gcf}q:‘(ﬁ@ PIL@B@&!%ég%é’fﬁt ir lf& ik ue

pi gment ‘particles obtali e vertic m cron.
Ul t r asorblackiwaier afd 1 H@fmtﬂamum diodde/weterresult in a noticeable reduction in
particle size, indicating that the suspension is relatively stable. Wen
using ball mll to grind PCN blue pignent in ethyl lactate or in |IPA and

t hen suﬁmdy ngasurenents areqrerfotrhed asing tiee Beaogield dVIDVHbat 2550, 66 rramtithc| e
size and redyction in size after ultrasonication of the m xture. Viscosity
of thisd" ‘ﬂ%g Be (1.5% PCN blue) is 1030 cps. After grinding with the
vertical mll for 72 hours, the size of Iron oxide black particles

decreases from aé] avera‘F| ﬁout 3.4 m rons cﬁ? crops. iqhere
o Son on Clegavarectiber 5 BeR PRl BrduRGroisaa 8004 ARG Mot
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than 1 m cron) This indicates that the suspension is less stable than the

PCN i nk.QrinHingiaYstesyi The attritondidishaia repyetiandn theopariicle size tpalh thies pigmenisps.

After grﬂu@w,tﬂgj,fygrém etfme,l;@ég mll 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
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When using ball mill to grind PCN blue pigment in ethyl lactate or in IPA and then
suspending in nelfilcon, there is a larger distribution of particle size 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).



After grinding in a nelfilcon/water mediumw th the vertical mll for 72
hours, the size of titaniumdioxide particles is about 1.9 mcrons in

aver age. Wotisasmi cati on can reduce the particle size toran/ERytaEge of 1
mcron (only 43%of the particles are less than 1 mcron). After grinding
titaniumdioxide in ethyl |actate wwthog ball mll, the particle size is
decreased to an average of 3.1 mcrons. U trasonication reduces the
particle size to an average of 1.2 mcrons (34% of the particles | ess than
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at | ower VI scosity (-100-300 cps) in a few hours. Exanple 2 A water-based

cyan mkﬁ' b R (Al') is prepared froma master batch of PCN ink as prepared
in Exanple 1 (11.7% PCN bI ue, 18.9%nnelfilcon and 69.4% water). The cyan
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and a viscosity of 11.90 cPs. WO 03/040242 PCT/ EP02/ 12402 -25
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.



Ink Al is jetted using a 50 pm M croFab inkjet head. Continuous jetting is
possi ble using a square pulse, 1100 Hz, 60 V pp, 32.8 psec pul se w dth.

Li ganent swoganei2ki t es and other jetting instabilities ar@colpervam Such
jetting instability typically provides poor print quality, resulting in
stray lines, drops, or snears. To studwgeffects of surface tension on the
printing quality of a color pattern on a polypropyl ene nold, surface
tension is adjusted by adding different anounts of I PA while varying the
amount of water in cyan inkjet inks. As shown in Table 1, as the anpount of
| PA i n dRk Ahlis jefied valoea s 5 uw'wé@Fﬁé irKieheadcFentinwous igitingis presifledising a y

| ner eas egualihSilsd 1908 BY Vi, 5% SRS, ViR, LivaRfaRS RidiRgk bty oglgper ved.

Vi scosity rreasurenents are ne usi ng the Brookfleld LVIDV-11 at 25 C, 60
rpm wi t Hettihg insighiililigs arel gbsemyath Hueh smjhngaleétab@tvstmlﬁalmgwﬂmmrsoﬂat auaidhe
using t ?ﬁp al yzer (CAHN nodel DCA-322) The

instru %?lm( es(r%rl ?ﬂﬁ%@‘vﬁr? SA\I%/E%@F 72 dynes/cm). Table 1: Ink fornul ations
and experinental data for |PA as additive. Fornulation % % PCN % water %

| PA Vi scps 91.20 0.00
1190 opd aeatbad SFoudaethgoaiR S WG gaRYor doolr BateMped il ©.5%
1. 00 54. ﬂﬂyp%pyfﬁéhe&aol?msmezenﬁan rsl\#d;mst%byaedlmg(dﬁfeismt@cﬁmwtﬁ IBA v@llecps
25.01 mMN m. A 8 1.0 20 70.. recipitates // The surfactant Surfynol
420 is uédgy raéH?ngg O?ngﬁrﬁ'bc\'ew 'g@SﬁW%kj et inks. As shown in Table 2,
when Su r/f\eymdw%a(]‘ abte praasiaetamount bielPAkandbk mcranes rsurfate emsionarectzad@so to
0.3% (by be e et surf.a t ensi on of
Che 1 nk wledng piskasty Wrtamshen harcbg ey e AT apit Roct 5o Rifien It “Wo

03/ 04024zhsRyBHEPO2/ 12402 -26 Table 2: ink fornul ati ons and experi nent aI
data for Surfynol 420 as additive. Fornulation % % PCN % water % Surfynol
Vi scosity Surface

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.



# nelfilcon blue 420 tension Bl 6.00 1.00 93.00 0.00 7.01 cps 56.45 mM\/' m
B2 6.00 1.00 92.92 0.07 7.61 cps 37.54 mMVm B3 6.00 1.00 92.85 0.15 6.85
cps 33. 5wonsuo2Bt 6. 00 1.00 92.77 0.22 7.01 cps 31.58 niNpoi/EBS2/€400 1. 00
92.70 0.30 7.60 cps 30.44 nN'm Col or patterns are printed on polypropyl ene
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sol ut i onthens! ihithe arv); Wiet deditral edttion 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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18. 9% neUfS. PahrNcaMoQ666$9324% water), which is prepared as descrl bed in

Example 1, by diluting the master batch wth water or nelfilcon and by
addition of the other additives (Surfynol 420, glycerol and diethylene

gl ycol ) . It Akd alsebeendizgeverad tes jatity SHBIIEST of mmce\ww%'bemﬁbﬁﬁgé by -{;in/
cl oggi ngﬁﬁropertles of these nine inks are tested on a single nozz gnea
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is shut down for printer 1s turn
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a burst of ink was jetted to clean e nozzl reset the meniscus to
the initial conditions.

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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1.00 2.00 88.85 D6 6.00 2.00 0.15 2.00,¢2.00 87.85 D7 6.00 2.00 0.15 0.00
3.75 88.10 D8 6.00 2.00 0.15 1.00 3.75 88.10 D9 6.00 2.00 0.15 2.00 3.75
87.10 Results indicate that ink fornulations with higher water contents
have a shorter restart tinme. Fornulations containing nore than 3% by wei ght
of total humectants (diethyl eneT3flgdpinkformylafiongol ) "cl ogs the nozzle the
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Results indicate that ink formulations with higher water contents have a shorter restart time.
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



125C for 45 mnutes). Initial rub tests are done by renoving the hydrated
| ens fromthe packaging solution and digitally rubbing the | ens between
ei t her twwofoBogens or a finger and a pal mfor approxi mat elPgTIWRODBI40210242
PCT/ EPO2/ 12402 -29 10 seconds. Visible and microscopic (-1 OX) observation
of col orant bl eeding, snearing, or delsdination indicates failure of the
rub test. Subsequent rub tests are done by renoving the hydrated |l ens from
t he packaging solution and insertion into a vial of methanol. The vial is

soni cated for 30 seconds using a standard |aboratory sonicator. The |ens
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hydr ati on, packaglng, autocl aving, and a vigorous digital rubblng
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predeterg‘lé&t%g position by noving the male nold under control of a conputer

along th Xes. The male nold can be noved linearly, noved toward to or
away fromthe print head along a translational axis, rotated around a

rotation Xi.S_ whic thr healc nter of .the vat ure
Sur face. B i s aShe R B e it E9ee s e Brordfi Bactighd puldaifial g
axi s. Thandavitprausadigita anbirig getetlrdef or e and af ter printing to check if
the treatnent is affecting the printing quality and the transfer of the
ink fromthe nolds to the |l enses. The corona jet machine is set up to
obtain a surface tension between 32 and 34 dynes/cm Corona treatnent of
the prineggamplees does not affect the quality of the print or the transfer
of the ink to the lens. However, corona treatnent of the cups before

pri nt i ngFeshLedk mele polypropydgriet pold$ are printed 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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t he magen a |n I's prepared by grinding 34.8g (1 Red 122 (obtained from
Sun Chenaselplain@bbdfore. (Thegtraneler of th@nnlaﬁdiomti an(ﬂT@%tt%ﬁéﬁn'FQﬂ ISabout 24

hours with. 41 h?é%rés,&ts%)rﬁ]%ﬂ qu%/es(g&g&tgescrl bed in Exanple 1. Red 122 is

added flﬁ'eé ine con and water. The master batch is
stored in a Nal gene bottle at roomtenperature until needed. The master
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i s done Zer on

The refragdmpie 2 Ali the lensex pasenhemmeéjos$ea°tmefaedanﬁzﬂ1amaumclavm@s cosity
nmeasurenents are done using the Brookfield LVIDV-11 at 25 C, 60 rpmwith a
spindle 18. Dynam c surface tension neasurenent are done using the Dyanm c
Cont act &ndlafresults 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).



Anal yzer CAHN DCA-322. The instrunent is verified with water (surface
tension: 72 dynes/cn). WO 03/040242 PCT/ EPO2/ 12402 -31 A 50 pm M croFab
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poor transfer fromthe d to the I ens and poor adhesion, during

hydration. Ink E7 (containing 7.8%nelfilcon and 2.8% pi grrent) shows good
transf er TR paARRAIAIALAYNS 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.



even after autoclave. WO 03/040242 PCT/ EPO2/ 12402 -32 Table 5: Mgenta ink
formul ations tested for transfer and adhesion. Fornulation # W% nel filcon
W% red 1D ovoseesity Transfer adhesion cps El 5.70 7. 62r8THPORPa401 al no
E2 5.52 4.80 7.67 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 19.9gBRartial no E6 7.80 6.30 16.3
Partial no E7 7.80 2.80 11.6 Total yes E8 7.50 5.00 14.1 Partial no

Addi tion of a surfactant, Surfynol 420, inproves jet qualities (no foam
and transfer from .nold to lens. Inks |isted in Table 6 adheres conpletely

to the lens beforkRlad: Megepta nkfosmulalians tesinddoptransierandadhesionwi t h

Surfynol 420 as additive. Formul ation % % Red % water % Vi scosity Surface
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E5 9.00 * °4.5 19.9 Partial no

E6 7.80 6.30 16.3 Partial no

E7 7.80 2.80 11.6 Total yes

E8 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.



154 is added first, followed by nelfilcon and water. The master batch is
stored in a Nalgene bottle at roomtenperature until needed. The master
bat ch r ermDreg/0a2i1 qui d t hroughout the experinments. Parti eCe/Epozedanal ysis
I s done using the Horiba LA-920 particle analyzer on a Wndows platform
The refractive ratio index used was 1.53;for yellow 154/ water. Viscosity
nmeasurenents are done using the Brookfield LVIDV-11 at 25 C, 60 rpmw th
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in front of the nozzle at a speed of 150 mmisec. |mages of the jet are

t aken wi AbGaumddionoFab bead éscussd fovalbthetaxppiseripi A bippfar|furgion (Warfesn)dB8t he
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and stored in PBS ack so) utlo Aut dane , usin .tabletop
heat st eAlienses afa (igfe by PelEIzingpeionn | e La8R ol 18 fe '8%@?{%@@8

si zes of withe100i0hafkos aBPhanaEsHeAtsi I?mhmﬁ;ﬁdtobelthmmtéb ﬁuaw}dolﬂgl(iﬁp% filf t er
ultrasonication of the sanple, the rtl size is ﬁ{lﬁn%é 3&
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Yel | ow 13dneriments (~ 2-2.5 mW/cm?). After curing, the molds are opened, the lenses are peeled
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 the ink. There are no ligaments or satellites. Color

intensity is high with the formulations containing from about 4.5% to about 8% of Yellow
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Resul ts @&fe syn@ariggdin Table dummar i zed in Tabl e 7. Table 7: Yellow ink

formul ations tested for color intensity, transfer and adhesi on.

Forrmul ation # W% nel filcon W% yel |l ow Viscosity Transfer adhesion 154 cps
GL 7.50 1.00Tablesh Yeipwliny tesmulghions B6terl febcdotiotensity trapefer a@3 aBhddor. 50
7.80 Poor no 4 6.60 4. 50 9.90 Total yes Gb 6.60 8.00 11.40 Partial no
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G4 6.60 4.50 9.90 Total yes

G5 6.60 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




Table 8: Properties of yellow ink fornulations containing Surfynol 420.
Fornmul ati on % % Yel | ow % water % Viscosity Surface # nelfilcon 154

Sur fynol wpl3iensi on dynes/cm Hl 6.6 4.5 88.90 0.00 8. 32P6W/EPW2/1H2 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 0.30-8560 30.16 WO 03/040242

PCT/ EPO2/ 12402 -35 Table 9: Properties of yellow ink fornulations
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wei ght, preferably from about 70% and 95% by wei ght, nore preferably from
about 84% and 94% by wei ght, wherein the anount of the binder polyner is
from abouwoOb3fe2e2 about 30% by wei ght, preferably from alPeWtEPRYA2402 about
15% by weight, nore preferably from about 5%to about 10% by wei ght, and
wherein the anount of the colorant is-Bsem about O to about 15% by wei ght,
preferably fromabout 0.5%to about 8% by weight, nore preferably from
about 0.5%to 5% by weight. 5. An ink of claim4, wherein said ink can be
used to print colar inmage on the nedical device by using an inkjet
printi ngw t'seﬁ?'"@dqih ink of claim4, wherein the nedical device is an
ophthal m,c lens, 7..An ink of claim®,. erein the ophthalmec Lens is a
cont act  MenaR gk corfpridife: &reeifin A ISR AR A FibregBaREnv s hghe b0 ot °) Sast
a pi ?Wﬁlnt ?cfhé/rimer&felcjmwﬁvirgaémddklbﬁ?orh ?f mmrgebuhsmmm@h% aBOtht}Hd BN, a
insoluble in the splvent. 9. An ink of, claj .. Wherein.the col orant
conpri ses a‘f'scfoéﬁ%f’ﬁﬁsi)f cenyRoisBt 3 ryé'es'&?éc.’ a fpedicg de¥RE-of cl ai m 8,
wherein the pignent is selected fromthe group consisting of PYl, PY3,
PY34, PY35, PY37, PY40, PY53, PY 65, PY83, PY95, PY97, PY1l 08, PY110, WO
03/ 040242- PAT/iEppiYlainybwherein Fsploigmape pyntedon a medicehdeyice witagid inky153
PY154, PY175,5sBY 4 3fbrili?hifih sulifRg tedtR88, PR122, PR171, PR176, PR177, PR202,
PR264, NR4, NRO, PV11, PV19, P\/%Z, PB15: 1, PB15:3, PB15:6, PB16, PB17,
PB27, PB28, PB29, PB33, PB35, PB36, PB60, PB72, PB73, PB74, PBkl, PBk6,

PBk7, PBKS, AR ) ; il NG, No. 6,
D&C G ee?' Nén%él?of&% |’ovi"g%$glh<])the g@“&%‘ﬁﬁ% is it gﬁgléﬁy\gﬁ?ﬁgﬁc}%ﬂ;ﬁi ne green,
copper conpl exes, certain chrom um oxi des, various iron oxides,

ht hal : Dt aniumdi oxi
ber maj ot ot (0 et gt AALTRE BHlodier e RRUentie HOmLONCCORARBADY o
Yel | ow 154. wdight, prefémblydfthhwn@,% meé%mwm@gbbhmpreif@ablgyérom abot84% -
or G801 0 AT of i MR eB AR Boble A sEosf s o e

selected fr tonsi'sti ng acetone, 0, anol ,
et hanol , prahypame0% bysweigbp aredépblyglone absyt 1Ke toatesit 15%sthewsight yadrepent anone,

cycl Ohexanoé‘rgferglﬁyt/ EaRYA R b AR 4l 5(9%%3/ wné?gtthyéﬁoz wRYelOhb 32MSint 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,



di methyl fornan de, acetophenone, nethylene dichloride, dinmethyl sulfoxide,
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cycl ohexanol, chloroform trichloroethyB&re, 1,4- dioxane, ethyl acetate,
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carbonate, orthoester, phosphonate, phosphinate, sulfonate, sulfinate,
sul fide, sulfate, disulfide, sulfinamde, sulfonam de, thioester, aryl,

silane, gitl axanieof digies, amnetbiishe sIVE A BIRNSE Rord dtyRGaLBRERKLE, and
phosphonam de. 17. An ink of claim 14, wherein the nultiple crosslinkable

groups of the crosslinkable polynmer are capable of formng inter- and
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different type so that a macronol eCular matri x can ormed t'o Di .
trap pi gmertf€ceiong: alpehals (R -ge Methansl, etrmnohrrapsiobisoprapanpl).7 glyedles ketonesai d

e o T Sk hel S kiR SELon S Db

pol yner: ( 1q1mp81yh%g§am|geogp@op@1qng, pethyteseelichloride, dimethyl sulfoxide, gamma-
butyrolactone, ethylene dichloride, 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



pol yur et hane, pol yurea, or polyamdes; or (2) is prepared by polynerization
of nononers containing vinyl alcohol, vinyl butyral, vinyl acetate,
acrylic awpdzomethacrylic acid, hydroxy C, to C6 al kyl e®CerEPoi/1a62ylic
acid and nmethacrylic acid, amno C, to C8 alkyl ester of acrylic and

met hacrylic acid, glycerol esters of acgglic and nethacrylic acid, vinyl
pyrrolidone, vinylchloride, hydroxyethyl nethacrylate, and

di met hyl acryl am de. 20. An ink of claim19, wherein the binder polymer is a
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di met hacryl ﬁlﬁner]aré c%lﬂélo@iﬂ&%?r% iktet/ dﬂﬂqa{ré-%ﬂﬁghnkaégs whie ¥aee dioklinkable

di met hacryl ate, 4- but anedi ol di net hacryl ate, pol yet hy|l eneoxi de nono- and
di acryl at eg;roamloflthasameawwpbthfereatwwépéhqtmmmn@?cmﬁ MatX &3n R ai m 21,

wherein t Neuaiod i bifd of hgp BIARhId BiiBlind Softagiet, to about [10%by  wei ght,

preferably Trom about to about 5% by weight, nore preferably from
about 0.5%to 2% by weight. 24. An ink of claim2l, wherein the ink has a

good transfer g f: b the
opht hal mi1g: POk bt F7 e s K cR: Dk IRBRERF WA G bEUE ot
m xt ure of devicerbyarsihgar inkjet ponting SMSQ%!ilml c solvent. 26. An ink of claim 25,
wherein the binder polynmer is a crosslinkable polyner conprises multiple
crosslinkabl e groups. 27. An ink of claim 26, wherein each of the

crossl i nkablaa ihlsofcapiabl 4 wiferéintmé ogsslinkalle polymer: (1) is a cellulosic resin, polyester,

polyurethane, polyurea, or polyamides; or (2) is prepared by polymerization of
monomers containing vinyl alcohol, vinyl butyral, vinyl acetate, acrylic 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-



coval ent bond or l|inkage. 28. An ink of claim27, wherein the forned new
coval ent bond or linkage is selected from the group consisting of al kane
(car bon- caolam4iéngl e bond), al kene (carbon-carbon doubl @Chmrd)/124e5t er,

et her, acetal, ketal, vinyl ether, carbamate, urea, am ne, am de, enam ne,
I mne, oxime, am dine, imnoester, carhgwpate, orthoester, phosphonate,
phosphi nate, sulfonate, sulfinate, sulfide, sulfate, disulfide,

sul finam de, sul fonam de, thioester, aryl, silane, siloxane, heterocycles,

hi b ' h h 1 d 29. Ag ink of claim 26,
wher et n- ¢ heNmAeRlsr GeBLEy Rin. dor e BPeTR e PR iats doyeTetpdde foffrandar e
capabl e of Hiacwiags, iantielr4-batadediol diaclats@DDKages W th ot her crosslinkabl e

groups of the sane type or different type so that a macronol ecul ar matri x
can be formed to bind or trap pignents onto the contact |lens. 30. An ink

of cl ai mZX), AnvAR beERINs 2l Avhérsinhs aRurBeltht @rd¥siinker & dth Orto iaBB@E1 099 by he
nmedi cal device by usin ' et _printing system WD 03/040242

an i nkj
PCT/ EP02/ 12Meiht, BiRferbly iomiahRUbY.5% RRiabosBS eV Ioht. MQEe Ricrrably dieanplout
pol yner is @5pRlod%iyleightcohol ) or a derivative thereof. 32. An ink of
claim 31, wherein thé binder polyner is a crosslinkable polynmer based on a
pol yhydr oxyl conmpound which is a derivative of a poly(vinyl alcohol) having

a mol eculzar ARk 9hLiaff 2ftwh&emtthe MHasZP9sby Phrde BB HRRa i@y 0. 5
r}"@ hy + g@ f)E}y Vi n%/l

to about 80% based on the nunber o roxyl grou In the p
al cohol ), otheyaphthalpic lemstortbe wahthalmiclengnd 11, | and 111, or | and Il and
1 H2 2 CHCHI R31 0Ol T~RlL R-NR2

25. An ink of claim 8, wherein the solvent is water or a mixture of water and one or more

organic solvent.

26. An ink of claim 25, wherein the binder polymer is a crosslinkable polymer comprises

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.



in which Ris alkylene having up to 12 carbon atons, Rl is hydrogen or

| ower alkyl, R2 is an olefinically unsaturated, electron-w thdraw ng,
crossl i nkablog/osd: cal , preferably having up to 25 carbonpraer@pe/1and R3 is
hydrogen, a ClL -C6 al kyl group or a cycloal kyl group, H2 H2 CHCH | R3 1 O
Oll R-R7 wherein R and R3 are as def-i40ed above, and R7 is a primary,
secondary or tertiary amno group or a quaternary am no group of the
formula NH(R )3X-, in which each R, independently of the others, is
hydrogen or a C1 -C4 alkyl radical and X is a counterion, for exanple HS04
, F, d-, Br, |-, CH3 COO, OH, BF, or H2PO4 , WD 03/ 040242 PCT/ EP02/ 12402
-41- H2 K. @H0RK of cliEn 26,0vingrein thie RrddsiRiable paiynodr iRa oty (Fayl alcehal odef i ned
above, and Egrn}a?v%&%r d’:}dl cal of a nonobasic, dibasic or tribasic,

saturated or ‘unsa ura ed, aliphatic or aromatic organic acid or suI fonic
acid. 33. An ink of cIa|m32 wherein R2 is a radical of the formula 1V,

e 2, S B g D e e s bbbene o

one anot her polﬁlﬁ;ﬁdr@@l corapowitbwhiah (s &Rbevadiveos a pblvd@rmaléaﬁél KMaihg @Wol@cﬂﬂ&rher

are | ower al k) havi n rbon ato a

car bon aton’é’e}ébF fgqtuc?a\;slttggo@tli@pé/}LRlc WW&?GFEBWHI &&3/‘5[0071‘;9 %’é\\;‘?ﬁ %Bb?ﬁﬁdl‘ﬂ"
carbon at onthe rimtie? B BYdrsk@ RoUs i ktke/pENORYAISIHR)NaMINIE of thefokAuRal RO 1)
atons or aryl eneal k Ienearﬁl ene having 13 to 16 carbon atons, and in wlich

R4 is an ol E#ichilcanlapd I and

H H

2 2
C C
\CH/ Nen” N
Re |
0] 0] 1
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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,



unsat urated copol yneri zabl e radi cal having 2 to 24 carbone atons,
preferably having 2 to 8 carbonatons, nore preferably having 2 to 4 carbon
atons. 34woAw/o#nk2 of claim 32, further conprising one or WPOTEPOLPONENt s
selected fromthe group consisting of a crosslinker, a surfactant, a
hunmectant, a polymerization initiator, -@l- antim crobial agent, an

anti oxi dant agent, and an anti-kogating agents. 35. An ink of claim 34,
conprising at |east one surfactant in an amount of fromabout O to about
2% by wei ght, preferably om abeyt 0.1 %to about 0.5% by weight, nore
preferably froma to a 0.4% by weight. 36. An ink of claim 35,
wherein the surfacta HI S & #ol 0, Surfynol 104, Pluronic F109, or

Pl uronic F38. WO 03/ 01024,3 PCiT/ EPO2/ 12402 -42 37. An ink of claim 35,
conprising a hunmectantl in anount of from about O to about 30% by

wei ght, preferably frBmapout® 1% to about 15% by wei ght, norellpreferably
from about 1 %to about ¥% by weight. 38. An ink of claim37, wherein the
hunectant is glycerol, et yleﬂe gl ycol, diethylene glycol or

1, 3- di oxane- 5, 5- di net hangg—e+NH-xRYr e ther eof. 39. An ink of claim 38,
wherein the hunectant is glycerol and/or diethylene glycol. 40. An ink of
cl ai m 34, cBmighsR agdBacare asidefiked abweaﬁndtﬁbtmthemédntalmfra@nbmlmlsmud:b&ﬁ&’ooby

1 om about 080 38T s ned ABh AR st o BB Ry Tralh SR

crosslinker is selected from t he group consisting of hexanet hyl ene

di i socyanat i nat bis(i.soc ane,

epoxi de g’rgog‘n-'@(oétﬁ%%h}u%%\éh%rélﬁ?ﬁg? r%:ﬁ%aipkﬁ'@fﬁgn%gﬁ aqrﬁ{)eﬁ%y%Bﬂ%'SHﬂm“'av
et hyl ene glycol dinethacrylate (EGODMA), diethylene glycol dinethacrylate,
et hyl enegl ycol di acr Y h allyl acryl ates,

1, 3- propanedi ol di mt#@i\@'ﬁ l)‘f;cg‘at)‘h e(gég:fi di nmet hacrwl)ate,

1, 4- but anedi ol di mat[h@emw(mgﬂH 00-9 gt-hyl_@ﬂem@mje nono- and (Wi acryl ates,

and 1, 4-but anedi ol diacrylate (BDDA). 42. An ink of claim 32, wherein the
i nk has a good transferability froma nold for making the contact lens to

t he cont actin bih.p and g, independently of one another, are zero or one, and Rs and Re,

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.



43. An ink of claim42, wherein the ink is stable for at |east 4 hours.

44, An ink of claim43, wherein the ink is stable for at |east 8 hours.

45. An i ‘woaB/oel2ai m 44, wherein the ink is stable for at [PeagtPo2ai4hdurs.
46. An ink of claim45, wherein the ink is stable for at |east 7 days. 47.
An ink of claim46, wherein the ink is-#able for at | east three weeks. WO
03/ 040242 PCT/ EP02/ 12402 -43 48. A nethod for making an inkjet ink of
claim 32, conprising grinding a pignment in a liquid mxture conprising

wat er andsza Ay MReF clafh B8EsompHRIeA HurtnE@taFH |H%‘?|;an%ﬂr§f %?frohs%b%éxt ?% \égéftll(tr%I°

al cohol) or a derivative of polyvi n%// al coh
i nkj et i nk, PEWRishh Srefgraply H@m@oat pregmehout 15% by iwpighd, mbset preteratdp fromi si ng

an organi c geduta8} tRaibA 704 BERk Epl ymer. 50. A nethod of claim48, wherein
the binder polyner is a cross r? abl e pol yner based on a pol yhydr oxyl

conmpound which is a derlvatlve of a polyvinyl alcohol) having a nolecul ar

vei ght ofzgatad iRRpf clﬁﬂ?gz QiR ﬁt]m‘é%ﬂ{ fs eldi éﬂ“nﬁgﬁéj bIgE%ISﬂltSﬁ)y?tr)%?g){m &

based on the nunber ydroxyl groups e pol
of the formﬂadquanesﬁﬁfdlnnethanqmmmtmre tberebf and Il and Il H2 H2 CH~QCH
| RB1 OORL R-NR2 in which Ris alkylene having up to 12 carbon
atons, R is hydrogen or lower alkyl, R2 is an olefinically unsaturated,
el ect r on-3 tAndniaoi clgim 38,0/si$éreml¢ladnhemeetdntlaIgjycprcﬁbad/@bﬂbetHWHe@ycdllp to 25
carbon atonms, and R3 is hydrogen, a C, -C6 al kyl group or a cycl oal kyl
group, H2 H2 CHCH 1 R3

40. An ink of claim 34, comprising a crosslinker in an amount of from 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.

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.



OOIl R-R7 wherein R and R3 are as defined above, and R7 is a primary,
secondary or tertiary amno group or a quaternary am no group of the
formul a N¥OR3p&#42 in which each R, independently of theCoEPer/£2401s
hydrogen or a C, -C4 alkyl radical and X is a counterion, for exanple
HS04, F, d-, Br, f, CH3 COO OH BF, or -HBRO4 , WO 03/040242 PCT/ EP02/ 12402
-44- H2 H2 CHCH1 R31 OOIlIl HR NR8 in which R and R3 are as defined
above, and R8 is the radical of a nonobasic, dibasic or tribasic,

saturate r ; i i t rgani g. acid or sul fonic
aci d. 51%1482 U o? H%FQP%%BQQ{V\%%P g?'ﬁ ﬁgévcé)rm fpr‘igin%gg”gﬁ'é’ﬁ 3 RgmERt 'Branlﬁ’d”d
usi ng a t echiftgigecompsisingtveater ansha bindlegpaypes et itegbindietpaynerpead ni xers,
KdgMII o ] L Zer },.cr.ofl ui di zers, sonal ators

a S, l;llsﬂrg? : _ ,
Uit 7 asont o' REFMIEA Hebhor 5 oBRERAFBLSGYEm/ IR, 1 P2l i Bra ng bal |
mlls, attritors, sand mlls, varikinetic dispensers, three-roll mlls,
Banbury rﬂg?fek%etﬁggfo\f%gl%incgaén mkjlelf ink, comprising grinding a pigment in a liquid mixture

comprising an organic solvent and a binder polymer.

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 1, I and Il, 1 and Ill, or 1 and Il and 1lI

Hy Hp
C C
~ o en”
Rs
O O I

Ry

R—N/

AN

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,

Hy Hy
C C
N o e N
R |
0] 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,,



WO 03/040242 PCT/EP02/12402

-44 -
s
\CH/ \CH/ ™~
Ry |
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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.



