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production yield and inproved quality. By coating a
contact lens formng nmold wi_th a nano-structured
fluorine-containing inorgani c pol ycondensate coati ng
solution the nunber of |ens holes, such as voids or
areas of non uniformthickness of a contact |ens
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and rainimize emact lens dRfe@pal , the use of surface appl i ed
agents which inprove the spreadi ng and the wetting
properties of a liquidis well known and wi dely
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with a surfactant. In general, the use of surface applied agents which improve the spreading
and the wetting properties of a liquid is well known and widely exploited in connection with

the manufacturing of contact lenses.

Nevertheless said known coated mold systems still leave room for improvement, particularly

as regards the lens quality and the production yield.

Contrary to any prediction, it was found that decreasing the wettability by coating the molds
with a nano-structured fluorine-containing inorganic polycondensate coating solution allows
to substantially decrease the number of lens holes, such as voids or areas of non uniform

thickness of a contact lens therein produced.



to substantially decrease the nunber of |ens holes,
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The mpBGRPrET¢raly @GR <TEEbIORON M@de of glass or quartz. The contact lens forming

material is preferably a modified polyvinyl alcohol prepolymer as disclosed in EP-A-641806,
for example nelfilcon (available from Ciba Vision Corporation, Atlanta, USA).

The solution is preferably the solution sold under the trade name of KERONA SichtKlar®.

The contact lens is preferably manufactured within the coated mold in an highly automated

contact lens production plant.



Fi gure la shows a non coated femal e contact |ens
formng nold. Figure 1b shows a fermal e contact |ens
WO o0oaittig3nol d coated according to the present PCT/EP2006/003929
invention. Figure 2 shows schematically how KERONA
SichtKliar(r) solution distrigutes on a glass nold.
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mold half is the cawty—formmg surface of the mold and is in direct contact with lens-forming
material. The two mold halves preferably are not touching each other but have a thin gap of
annular design arranged between them. The gap is connected to the mold cavity, so that
excess lens material can flow away into the gap. The two opposite surfaces of a contact lens
are defined by the two optical surfaces while the edge is defined by the spatial limitation of

actinic irradiation rather than by means of mold walls.

To manufacture a contact lens, first of all a certain amount of a flowable starting material is
placed in a mold half, preferably the female mold half. Afterwards, the mold is closed by
placing the other mold half thereon. The subsequent polymerisation or crosslinking of the
starting material takes place by radiation with UV light, or by heat action, or by another non-

thermal method.
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Figure 2 shows schematically how the coating solution distributes on a glass forming mold 1.
First the solution is spread on the mold, where the organic 4, inorganic 5 and nano-
structured 6 components starts to orient. After the evaporation of the volatile compounds,
the solution results in an ultra thin coating on the mold surface wherein the inorganic part 5

disposes in close contact with the hydrophilic substrate 1.

On the contrary the inorganic part 5 would remain exposed whenever a hydrophobic

substrate is employed.

A decrease in wettability is therefore achieved when using the organic-inorganic nano-

structured coating on a hydrophobic mold in combination with a hydrophobic contact lens
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carbon atoms, to which respectively at least one and preferably at least two fluorine atoms
are bonded. These groups G are preferably partly fluorinated alkyl and/or alkenyl groups.
These groups may also be e.g. groups derived from fluorinated alkane and alkene acids. in
these cases, they may be introduced into the polycondensates e.g. by forming a chelate of
the corresponding acid with a starting compound of e.g. Al, Ti or Zr capable of hydrolysis,
and the above compound group A is thus a chelate-forming group which leads to the
structure
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Preferably, at least one (e.g. one or two) non-hydrolysable or non-hydrolysing organic group
with a functional grouping Z is also found on at least one part of the central atoms M of the
polycondensates. A "non-hydrolysing" organic group is understood to be a group which, in
principle, is open to hydrolysis, but under the given conditions does not actually hydrolyse
during the production of the polycondensates, the coating and the subsequent drying and/or
curing. Examples of the latter groups include e.g. also the above chelate-forming groups A.
Preferably one or two (preferably one) non-hydrolysable or non-hydrolysing groups (in
addition to groups G) are respectively bonded to at least 0.1% and preferably at least 0.5%
of the central atoms M in the polycondensates. These groups may be selected e.g. from
functionalised (substituted) alkyl (preferably C,4-alkyl, e.g. methyl, ethyl, propyl and butyl),
alkenyl (preferably C,.4-alkenyl, e.g. vinyl, 1-propenyl, 2-propeny! and butenyl) , alkiny!
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atom%rogﬁﬁg'c%@{a}e Fb?!’n)/ﬂ‘f#oﬁgk on or ring-opening

risa e case of epoxide rings] and
thernal conpl etion of the polycondensation [e.g. by
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one FEHE WorfhiC R ! il BedlndERRGTAI LY LINSS 1R haRBH S, i, Br

derived rom aturate s (in
and Icpreteralfle ¢! ane Bp)r efkexyatprgfebmlm@ 4-akoxye ece methdxyaethoxy, n-propoxy,

i- pro&oxgl 2HY IBUPOXW eér@Fo%y f(p%@réﬁy @6 ml‘h?ylA}y e.g. phenoxy), acyloxy (preferably

Ci4-acyloxy, e.g. acetoxy and propionyloxy) and acyl (e.g. acetyl).

Apart from the above-mentioned hydrolysable groups, further groups which may be
mentioned and which are likewise suitable are hydrogen and alkoxy radicals with 5 to 20,
preferably 5 to 10 carbon atoms, and halogen- and alkoxy-substituted alkoxy groups (e.g.

B-methoxyethoxy).



Exanpl es of hydrol ysable groups in the starting
conpounds (which are used not necessarily as nononeric
w@owpounas, but al ready as appropriate precondeCFEPEE6/003929

of compounds of one or nore elenments M are - in part
dependent on the central atog.M- halogen, F, d, Br
and | , preferably G and Br), alkoxy (preferably
Cl- 4- Bl kOXy, e.g. nethoxy, et hoxy, n- pr opoxy,
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halod®§lr ol ysis product in the coating conposition used

according to the invention nmght exert an unfavourable

affect on the material to be coated or on its
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hanol , "et hanol, propan but an
ahaﬂ"ﬁ%‘teﬁ%h@n Hiecmateyiah to] bpseasted. groups are al so preferred,
because they have practically no effect on the pH
val ue during hydrolysis (in contrast to e.g. hal ogen).
In mash casrsi, thesefore theveoating\cenpesitien beed petofdiog ﬂ@emwtlan@ontams a

solveﬂp r‘éﬂeng{uélg H\f@t\ﬁ{] of the I}})?ééé?\hﬁg F?cg]tgéi uﬁ'hs°' Sll'/ém‘m be water and/or

SIS arti onen
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Of coipdey arnixturagyof iselv@atseranzaie g used, e.g. mixtures of the by-products formed

through the hydrolysis reaction (e.g. alcohols) and other (preferably readily volatile)
solvents, e.g. ethers, ketones, esters and (aliphatic or aromatic) hydrocarbons. The total
content of solids in the coating composition used according to the invention is normally 10%
to 75%, preferably 15% to 50%, most preferably 20% to 40% (all are percent by weight).

In the case, in particular, where at least part of the non-hydrolysable or non-hydrolysing
organic groups which are bonded to central atoms M possesses reactive multiple bonds
and/or other reactive groups (e.g. epoxy rings), the coating composition may also contain
compounds which can react with such groups or groupings in the manner of a thermally or
photochemically induced reaction. It may then prove expedient, e.g. in the presence of non-

hydrolysable or non-hydrolysing organic groups with a carbon-carbon double or triple bond



organi c solvents. O the organic solvents, those that
may be nanmed in particular are conventional solvents
wo orochgmguer s and especially the | ower al cohol BCT/EPIN6/003929
met hanol, ethanol, propanol and the butanols, since as
a rule they are already formgd as by-products of the
pol ycondensation reaction using the preferred starting
materials (see above). O course, mxtures of solvents
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[e.g.f(Bretpacylexyaiy ww%ga g \psganiq wnsaturated(Gempouats thiblespating

coma&-ﬁtldﬂ dich(dnahen égb&iyﬁggﬂi d\lV%h }Hég Uhs&thrated yr%nng§ of ;iveg

et her S, ket ones, esters at | C Or
polywmeaé%t%c&?@mmot chiunsatrated omanmqrrd@unds @reestyrene, acrylic

{
acndﬁrgréfrl;v'ge&h& ggg)%? gbggg/%&ggg,f 4 ag{vy%lsrltg g estbggg eesfmltmgs.)'o%me

abO\@r@r@%w?s e compoynds may alsorher pasiiyt onbgervﬂeuognat)ed Inrthis way,
comb&%o%%éay ?é Os WHl&Pﬁ@seﬁé"@%ﬂ)ﬂugﬁnJ@@ E?r\khlr&fm ré:ﬂ?durmg the

non- hydriol ysabl'e or non ol 'ysing o
prepafstion ohihe dpatice gompositien praﬂheaqobmnclmpemwmrr-bmolymle or

non-ﬂ'g&rUlelng nBA! rf%nﬂé}gé %F({ Hishshd {h%?ect}y' Weéld 405N égroglgn e.g. by
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grouéé XFeSg}gso%rg%hyéeagr?f‘%tbr?i’s SB%' ggggt}’rlg'ehs%ygtfrégy géﬁtaiélscompounds which
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I hi
cond SR R o RO BRALBL hrahoh 1 1,
groups, which react during the preparation of the
oy a8 HOSREREIATHED ikl S PRl YER VRSB el il pgtonlis
orgagjc gups (preferably) piegent @i thefdentali atahe i gf the pelycendenshtes used
accoéoir?%@')tﬂg fr}%é:ﬁksi’o fit @I'po%sggllregﬁygﬁw tbg é)tr]c{ fielasgg \}@g sgagﬁs Ccoating to
the spetr'rplcnimdmstwt:eaétymmmahtblmdnmteleIEd dser ohtiod material to be coated etc.).
surface-nodi fyi ng agents, which are found on particles

of a nano-scale (e.g. filler particles). It is thus
In papizsikr bf thetavganic grqups art the polycondensates of the coating composition used

according to the invention are groups with unsaturated carbon-carbon bonds, the coating
composition preferably also contains a catalyst for the thermally and/or photochemically
induced curing of the polycondensates applied to the substrate. Further, a photo-
polymerisation initiator may be added. Preferably, the photoinitiators are selected from the
commercially available examples: Irgacure® 184 (1-hydroxycyclohexylphenylketone),
Irgacure® 500 (1-hydroxycyclohexyltphenylketone, benzophenone and other photoinitiators
of the Irgacure® type which are available from Ciba Specialty Chemicals, Basel, Switzerland;
Darocur ® 1173, 1116, 1398, 1174 and 1020 (available from Ciba Specialty Chemicals,
Basel, Switzerland), benzophenone, 2-chlorothioxanthone, 2-methyithioxanthone, 2-



nano-scal e particles in a honogeneous distribution
into the final coating. These particles render the

W@ o@bilrmy3r esi stant e.g. to rubbing or scrat cheBCT/EP2006/003929
wi thout inpairing its transparency. As regards the
surface nodification of nanotgcal e (ceram c)
particles, reference rmy be nmade e.g. to WO A-93/21
127. Further nor e, in the case where
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are groups with unsaturated carbon-carbon bonds
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catal yst for the thermally and/or photochem cally

i nduced curing of the pol ycondensates a&gl ied to the
The ahpystipitiatars argradded to &epcmi{ iB® 6PPResiaNnithe usyal auaptgies. For
exan(Pi, tRe irREdnay 6@%@8@&3%’% ér’ﬁ@urﬁ%@é%‘ O'St% & @%Sbyﬁ\&éght (based on
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I'rgacure(r) 500 (i-hydroxycyclohexyl-phenyl ket one,
benzophenone and ot her photoinitiators of the
The ¢qaijag GP@PP?“"P@/ peodired Fnaa(rb@ biought i1t sontastivith the contact lens
formuﬁ? AedIdtd e EHRBY g?é@ﬁab uch%ﬁ"aftéleﬁérﬁé]%r aPﬁé&% 8(&% removal of
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1-tri chl or oacet ophenone, dlethoxyacetop enone and
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di acyl peroxides, peroxydicarbonates, al kyl peresters,
The ygug| mﬁtlnwm@sa@%us%ﬁomhﬂe meld @ghe.g. d'PPlng. ooding, drawing,

casting, spinning, spraying and brushing.

After the optionally conducted drying (preferably at room temperature or at slightly elevated
temperature), the coating composition may be cured thermally and/or by irradiation in known

manner, depending on the type or presence of an initiator.

In the case of thermal curing, the curing temperatures are preferably at least 50°C, most

preferably at least 90°C. The maximum curing temperature is determined, inter alia, also by



per oxi des and al kyl hydr oper oxi des. Speci fic exanpl es
of such thermal initiators are di benzoyl peroxide,

W e0ob/11het yl per benzoat e and azobi si sobut yr oni PCT/ER2006/003929
Where epoxy rings are present, the usual ring-opening
catal ysts may be present in_{pp coati ng conposition,

e.g. tertiary amnes (e.g. imdazole and derivatives
thereof). The above initiators are added to the

coating conposition in the usual guant ities. For
the thesmatyesistange of HietsubstiptertapelseateddBreferablinthgrasying teypperatures
o 42 ' t ot al
may '3?}%%? ??‘5?3({ 8&’ é%%?é{t?@ﬁgqghw%@?tg ?%%%@9?% ning 30%to
50% by wei ght of solids. The coating conposition
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Topa e GER 280 8057 SHipdbisl andibeSi Sty TRINRHR S (dBgmene,

availabie frove 'Iéi¢drm><(Bnhbl§l)ofaﬁndmldmrt.eGermana)j@'r qgarda) g@qspes; pr sapphire. The
mols ey B sy Qe GR Bk, Ref e R UG Y drpiygtion ofa

lens, ey dreeclesiedgapidly antedffectivetp fipathe unerpssinged padpolymergnd other
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The usual coating processes used to coat the nold are

e.g. dipping,.floodi raw,n castin spi nni .
The cgafhig, a5 B% AGP P2 Faif Temafib 3P fbte BRTebAdtrackS B Raliciuene otical
surfacl yriefagallp oaftiee tdvhale abticademfacenper at ure or at slightly

el evated tenperature), the coating conposition may be

cured thermally and/or by irradiation in known manner,

Any lelepfendinganateridls &ndwpén e gor raae be ased inathe iinviehtiart. Areferred lens-

.the case of thermal  curin th uring tenperatures
forming' mallfie.51s cepable of fanaialskooely, & epr By oterl gy bp made
up of IBYRE mohemerikeLHIE MAr(hydrokyathdmethacrglate) o eiagrdoni@ide one or more

inter alia, also bythe .thernmal resistance of the .

prepoéyl%egfr%qﬂgn?lg/ e %rdﬁ{)rgd\{mwgp gfo&omrilan /ﬂremgarlpm%s and optionally
furthelr @TtRicalarib as compomeits exck ad pRbintiata disipiityt tirting aigewt, fillers, and

ma ot .exceed 1800C. Lens. .forn ng.nolds be made ..
the g PRl roRd igh SR B SPD A GTS REBEPRY S P sicone-free
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L ypropyl ene,. pol ystyrene PNVMA, Topa a

mateli i BiEl deiPaped b e TboLmpEr Jhal 5o SbhgRalerlagiens, te
preseftly peférfdtElens material is a modified polyvinyl alcohol prepolymer as disclosed in
EP-A-641806, for example nelfilcon (available from Ciba Vision Corporation, Atlanta, USA).
Nelfilcon is particularly preferred because it is water soluble and finished lens of optical
quality can be produced from it within a few seconds, without the necessity for subsequent

extraction or finishing steps.

In a preferred embodiment, where a lens-forming material is a modified polyvinyl alcohol
prepolymer, reusable molds made of glass are employed and the lens-forming material is
cured actinically under a spatial limitation of actinic radiation to form a colored contact lens.
The optical surface of the female mold has been previously coated with the nano-structured
solution as in the embodiments above. The solution preferably comprises perfluor groups

modified polysiloxan (<5.00%) and solvents such as 2-propanol (>90.00%), ethanol



avai |l abl e from Ti cona GrbH of Frankfurt, Germany), or
gquartz, glasses or sapphire. The nolds may be one-way
wW@eoos@udabl e nol ds. Reusabl e nol ds foll ow ng tPET/EP2006/003929

production of a |lens, may be cleaned rapidly and
effectively fromthe uncrossij nked prepol yner and
ot her residues, using water or a suitable solvent, and
can be dri ed mﬁth air The coating naybe applied on

tical surfaces or only on on

femal e and
(<5.088R) e M GIED )t S L 2P SoeR eald under the rade
name & KERONASSI¥htke®- form ng materials known in the art
may be used in the invention. Preferred | ensform ng
materials are capable of form ng hydrogels. A
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the nPa"Pé Rod ahd LiEsP TRERDAtaBNENO s B fried %y%ﬂﬂné’ e ABRI With the an
further include various conponents, sucCh
actinigiiediaian Rretaraply W repigtiRty tinting agent, f| |l ers, and
the like. It should be understood that any
silicone- contalnln% prepol yners or any silicone-free
Prefegaiiy,thieyars is fermechwithis eduliyauteraatedesediictipn plant wharein the lens
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det erm ned upon of use
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tamp@?@%@ﬁgﬁ%§a preferred enbodi nent, where a | ens-form ng
material is a nodified polyvinyl alcohol prepolyner,
reusabl e nol ds nade of gl ass are enpl oyed and the
| ens-formng material is cured actinically under a
Examplesial linmitation of actinic radiation to forma
col ored contact |ens. The optical surface of the
femal e nol d has been previously coated with the
Exampén®- st ructured solution as in the enbodi nents above.
The solution preferably conprises perfluor groups
nodi fi ed pol ysil oxan (<5.00% and solvents such as
A tesPempa spaialitomatio cONt lee praauoing Pk @ parfdrmed employing quartz

molad 238G Yotk wdl the Whtbh ABid' thalF FHleHFat darkd'Sr KERONA
solut1on Ssol d under the trade
SichtKlar® and the contact lens forming material was nelfilcon. The test was performed on

three different tracks and 36 lenses were produced on each track.

On track 1 only the female mold half was coated,
On track 2 none of the mold half was coated;
On track 3 only the male mold half was coated,;

After the removal of the lens from the mold and before a new dosing step the molds were

cleaned and dried by an external cleaning module with water and pressurized air.



name of KERONA SichtKlar(r). The contact |ens form ng
process is extensively described in WO A-98/42497. The
WO eovsfionai ng material is dosed into the fenal ePGDER2006/003929
The female nold is subsequently nated with the nale
mol d and closed. The contact,dens is then forned by
curing the nold with the an actinic radiation
preferably UV radiation. Preferably the lens is forned
within a fully automated production plant wherein the
The regiits are theetpllewingescri bed above and subsequently
i nspect ed and packaged. An exanple of a production
plant is described also in WO A-98/42497. In this case
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the no I's preferred or a selected station
Trackdiptegdured 23 femses) nanetwith ybbiesct i on pl ant to apply the
coating directly on Iine before the dosing of the
contact lens formng material into the nold. In the
In a seaend teaktbe cohteddenalenyoldenf tiaek Apysire ethplayed andraski? teiskiéng in
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In a thjichteszthewiriginal fEnmale owld ofgrak| Anverercoates! relaltisg againdmlenses
witho?ﬁéﬂ:b\@%der the trade nane of KERONA SichtKlar(r) and
e contact lens formng material was nelfilcon. The
test was perforned on three different tracks and 36
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were cl eaned and dried by an external cleaning nodul e
with water and pressurized air.The results are the
followi ng: Track 1 produced 36 | enses, none wth
bubbl es;



Track 2 produced 34 | enses, 23 with babbles; Track 3
produced 23 | enses, none with bubbles. In a second

W@ e®b/11he1 coated femal e nold of track 1 were ePgil/BR2d6/003929
on track 2 resulting in |l enses without bubbles. In a
third test the original fenpig_nold of track 2 were
coated resulting again in | enses wthout bubbles. The
unequi vocal evidence found is that there is no

_influence of the dosing step (different on different

Claim$ acks) or of the individual mold surface. The

production of |enses w thout bubbles is therefore

correlated to the coating of the nold surface.d ains
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mold. 2. A contact lens formng nold of claim1l
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contact lens formng material is a nodified polyvinyl
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e b dndulified. pdyvinyl elocnbelqirepadyreerf or m ng nol d of anyone of
the preceding clainms wherein the coating is a
nano-structured fluorine-containing inorganic
4. potontactdenssfatreingooeld iohglaswd tito dmhetein thecanating is ¢rete female mold
f%Ffm ng nmold of claimb5 wherein the coating conprises
5' ycondensates of one or nore conpounds of elenents M
of the main groups Ill to V and the subgroups Il to IV
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group G having at least 2 aliphatic carbon atons to
whi ch at |east one fluorine atomis
6. A contact lens forming mold of claim 5 wherein the coating comprises polycondensates

of one or more compounds of elements M of the main groups Il to V and the
subgroups |l to IV of the periodic system of elements, said compodnds being capable -
of hydrolytic polycondensation, whereby in these polycondensates, at least one organic
group G having at least 2 aliphatic carbon atoms to which at least one fluorine atom is
bonded, is bonded to at least part of the central atoms M either directly via one of the

carbon atoms or via a linking group A.

7. A contact lens forming mold of claim 6 wherein the element M is selected from the
group consisting of silicon, aluminium, boron, tin, zirconium, titanium, vanadium and

zinc, with Si, Al, Ti and Zr being preferred, and Si being most prerferred.

8. A contact lens forming mold of anyone of the preceding claims wherein the coating is
KERONA SichtKlar®.



bonded, is bonded to at |east part of the central

atons Meither directly via one of the carbon atons or
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of claim6 wherein the element Mis selected fromthe

group consisting of silicon, 44l um nium boron, tin,

zirconium titanium vanadiumand zinc, with Si, A,

Ti and Zr being preferred, and Si bei ng nost

prerferred 8. A contact |lens form ngBm)I d of anyone
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conpri sing the steps of a contact lens form ng

Ao B Mol BY plACTOae P MGKENABINGTRAN. Gl a1 m 1
(‘clr&%llr'iIGnd e dopkdtt RhsRObMGhE thatdHal RitAE mdI® by aBiE or thermal
t hereon, crosslinking the contact | ens formng

fadiafiol in the nol d by actinic or thermal radiation.
10. A nmethod of claim9 wherein the cont act Iens
formng material is PVA and the nold is a

nol d
10.  dnerethed abslaim Coulper ﬁ@ the cpmtreiNRNSSfoEming| ’ﬁ?@ﬂ?' '5 PVA and the mold is
a glass mold and the mold coating is KERONA SichtKlar®.



