Lens nolds with protective coating for production of ophthal mc

| enses This invention is directed to inproved lens nolds for the
production of ophthalmc |enses, in particular col ored contact

| enses. The invention involves protective coatings for extended use 5
and repair of reusable glass or quarrzlﬂnlds as well as for inproved
nold rel ease and printon-nold properties. The invention is also
directed to a nethod of nmaking the inproved | ens nol ds and their use
in the manufacture of ophthalnmc |enses, particul ar col ored
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In generé ‘ass and quartz nolds are nore durable, provide higher
transpar ency and higher 20di nensional stability, which allows for
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coating can also include nultiple | ayers of different coating
materials. An effective coating is typically between 10 nmand 5 pm
thi ck. EP-A-1245372 di scloses a reusable plastic nold for producing
an ophthalmc lens having a 30 nmale part and a fenale part, wherein
either the male surface, the female su#rface, or both surfaces are
treated to have a contact angle | ess than 60 but greater than O to
facilitate rel ease of the contact lens. Preferably the surface
treatnmentis a plasm trea nt. with di am nocycl ohexane,
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15t he edge of the ophthalmc lens is defined by the contour of the
two nold halves in the area where they nake contact. For

manuf acturing col ored ophthalmc | enses, in particular col ored
contact |enses, print-onnold process are known in the art, e.g.

PCT/ EP2006/ 002420. 20 In a first step3a colored inmage i s provided on
a cliche fromwhich it is transferred to a pad, fromwhich it is
printed on the nolding surface of the female nold half. Optionally,
the printed i mage can be cured through exposure of the femal e nold
half to radiation, typically UV light. In a second step, a
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- 6 - Preferably the at | east one of the cavity surfaces of the nold
parts is the cavity surface of the female nold part. A nold assenbly
conprising a nateable pair of nold parts made from gl ass or quartz
may 5 conprise both, male and female nold part made from gl ass, both,
mal e and female nold part made fromqdartz, or the one mold part nade
fromglass and the other made fromquartz. Preferably, the female
nold part is made fromglass and the male nold part is nade from
quartz fqr _hi gher transm ssion. 10 The protective coating nmay be
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(d) introducing an aqueous solution conprising a water sol uble
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bubbling and stickiness and which, at the same time, improves the print-on-mold properties.

The present invention provides a mold assembly for the manufacture of at least one
ophthalmic jens, in particular a contact lens, which mold assembly comprises a mateable pair
30 of mold parts made from glass or quartz wherein at least one of the cavity surfaces of the
mold parts comprises a coating of an inorganic material to protect the mold parts from attack
by monomer or prepolymer used in making the ophthalmic lens, which protective coating is
externally applied and permanently affixed to the cavity surfaces of the mold assembly.



- providing a silicone pad, which preferably is made from
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cavity surface of the female nold half of 15 mm the defined pressure
appl i ed E,o the silicone pad corresponds to a weight of 10 to 15 kg.
The irra ir%f?riaﬁlﬁﬁ\ﬁiaﬁ Ipaghpng 81 they Ravity surtages of dhe mold partsgs thespty serace of the
met hods, fénade tadd pattep pl asnma treatnment as well as the alternative
nmet hod can either be applied for an initial coating of a nold cavity
surface (i.e. before use of the nold in production) or for a repair
coating (ymeld agsembly camprisiio a matephid pRil of Mofdaubuts tiade fromigtass er duarthmay
poi nt 6d  26mpike bothiMbie\thd Rerldtemal BSTRadORh 935%&#1993.& B @Pﬁ‘e'n‘ﬁﬁh} t

as a

coating i §rti nﬂggner al  nore uni fcirm and, conti nuous, as wel
wi th t he PRI TEAR " XB QYIRS PRscMed Rartmads TR glRsSANddaesothar made fiemat i ng
i s bett equaitt Prefedably\thetferndie maldt pert isarmadecframegtiaachnidithd hale MoRigaR ishadr €

di ffi cul frohmQuaRPhbynigher OvitQhimiddsh, conti nuous coating with a thickness
of nore thag1 15 nml o the gg}\ylty'surface. 25The printing on the at

| east one coated surface of the quartz or glass nold is preferably a
833 tibanghe prom@iivetdotﬁmmg rid Yo 'pﬁléea thih% Iaa\ingewifdgg of@cﬂﬁ) gigﬁip][ags b d?n?‘tggné 0

9 pre referably . 0 oof _a er
sol ubl e fﬁfég%%‘ﬂg'?’faﬁ%%?’ﬁeg{g’%%@&pf)%‘?{’% %°ab'¥%'ﬁ pgepligd ?‘lfé? F?Yé&s‘\g@%w*%d 2
to 20% Rayigprdg fiomigiass Sdyre wreddrably e eratdstive chating id 3pplied tothgiegient or

a conbi NaHoldParOmoR pBERIP tol Sietas tholdihrt HiRiedRpEGAE. SOl ution conpri sing
a water sol ubl e prepolyner having crosslinkable groups preferably is

a derivative of a polyvinyl alcohol having a nol ecul ar wei ght of at
| eastl520M théa aost oeferesli ambottinenhefiizancld hsdaymblyaxydrdig RURSIn@ntibi) éhe male

pol yvi ny WoTa aer{HP i i ely 0.5%to roxi mately
80% of umc'tﬁi sfag?é) ’#‘E‘ﬁ mu aﬁﬁ"ﬁgﬁéﬂg{%@ﬁw&‘%ﬁ% ‘E?’%F f“.aae %%Egggﬂﬁ'&"ei n R
i s d - O Alof8rtivereatingmpplied tefgca i sudaceef thefermik poldpad. R2 i s an
olefinically unsaturated, electron-attracting, copolynerizable

radi cal , rapl y having up to..25 carbon 5 atom Mre preferably in
the uni ¢ LSO 0\ Er el IR centnede. e mplsriu bt Ro | s
acryRy| prefaratfehrasadhigimiess fromy 10 nkdo pm, morepeefedblp fromdshimtb 100 Bm and

Nel fil conwgﬂjré;g,iag frbr Q%on fsbﬁ&P and 70% water, wherein Nelfilcon is
an acryl at ed- pol y?vi nyl al chohol) as defined above, from 10G ba

Vi sion Corporation, Atlanta, US), a surfactant (e.g. Surfynofe420
from A r Ths pdiectve,coling @roviaes for BhvateSamicdditadt MRl rbmishi @e6e (€. 0.

| rgacure i.0a Specialit icals, Basel, Swtzerland)
i Chvar PR 1@ 55 RoSRia ey ol L Ui SPOR o 2oRTE 0 1 o
2% pP? t hisl the Htandase Dpviation @POBasvrament). from 0 to 0. 5% pht hal ocyani ne

green (PCN green); fromO to 8% yellow iron oxide; fromO to 6%red

i ron oxi ge' fror’QO to 12% chrom um .
referably, the protective coating comprises silicon oxide {Si0,) in an amount from at least

20 at% (8i), more preferably at least 25 at% (Si), most preferably at least 30 at% (Si).

30  The present invention further provides a process for the manufacture of ophthalmic lenses
including the steps of: curing a polymerisable or crosslinkable material in a mold to form an
ophthalmic lens, wherein the mold has a male part and a female part, the male part having a
male surface and the female part having a female surface, wherein either the male surface,
the female surface or both surfaces are treated to have a water dynamic contact angle of
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by wei ght'" o1 WAt &F) chER b PSRTeFE ﬁc‘fig'ﬁ'ﬁ%% §tePsofconbi nati on of
pi gnent s (@dlegpanedthf affxing sherotBétivk coating of andibdrganidiakterial to at least one of the
cavity surfaces of a quartz or glass mold assembly;
(b) printing on the at least one coated surface of the quartz or glass mold;
30 {c) optionally curing the print by irradiation with UV-light;
(d) introducing an aqueous solution comprising a water soluble prepolymer having
crosslinkable groups into the mold;
(e) initiating of crosslinking by irradiation with UV-light;
(f) releasing the molding from the mold, and
35  {g) washing and drying the mold.
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In an even more preferred embodiment, the process comprises the steps of:

(a) applying to at least one surface of a quartz or glass mold assembly a uniform and
continuous protective coating using a two step plasma treatment;

(b) printing on the at least one coated surface of the quartz or glass mold using pad transfer
printing;

(c) optionaily curing the print by irradiation with UV-light;

(d) introducing an aqueous solution comprising a water soluble prepolymer having
crosslinkable groups into the mold;

(e) initiating of crosslinking by irradiation with UV-light;

(f) releasing the molding from the mold, and

(g) washing and drying the mold.

In a preferred embodiment of each of the above described processes, the steps (b) to (g) are '
repeated in a cycle,

- The permanently affixing of a protective coating of an inorganic material is. preferably done

by-treating a male cavity surfaces or female cavity surfaces of a reusable quartz or glass® - -
mold with & plasma. In a preferred embodiment, the piasma treatment is performed with a
device and process as described in EP-A-1332856.

The molds or mold halves are assembled in a carrier plate and cleaned with compressed air.
The carrier plate is then introduced into the plasma oven. The (metal) carrier plate forms one
of the two electrodes between which the plasma is ignited. The treatment chamber
comprising the carrier plate with the molds or mold halves is evacuated.

In a first treatment step, the molds or mold halves are pretreated with an oxygen plasma for 1
to 10 minutes, preferably 2 to 5 minutes, most preferably 3 minutes.

In a second treatment step, the molds or mold halves are treated with a silane monomer
ptasma for 1 to 20 minutes, preferably 5 to 15 minutes, most preferably 10 minutes.

The plasma coating can be formed from siiane monomers, such as trimethylsilane or
tetramethylsilane, preferably tetramethylsilane. Preferably the silane monomer plasma is a
mixed oxygen / silane monomer plasma, most preferably an oxygen / tetramethylsilane
plasma.



29.8 22.31 5 Goldmann Yellow Iron Oxide Yellow 70.54 14.47 58.45 5
Nor dmann Green Chrome Oxide Green 46.42 -18.35 21_33 5 Gol dnann Green
Pht hal ocyani ne Green 25.21 -43.85 -3.10 5 Noveon Bl ue Pht hal ocyani ne

Blue 17.88 13.93 -37.41 0

In an alternative method, the male cavity surface or female cavity surface of a reusable
quartz or glass mold is contacted with a silicone pad for several hours and subsequently the
contacted surface is cured using UV-light to form a permanent protective coating.

5 Inthe alternative method, the permanently affixing is a process comprising the following
steps:
- providing a silicone pad, which preferably is made from polydimethylsiloxane;
- contacting the silicone pad with the cavity surface of the mold half to be coated for a time
from 1 to 10 days, preferably 24 to 72 h, with a defined presstre from 1 to 5 bar, preferably
10 1,5 to 3 bar, more preferably 1,6 to 2.4 bar;
- curing the coating by irradiation with UV light.

For a diameter of the cavity surface of the female mold half of 15 mm, the defined pressure
applied to the silicone pad corresponds to a weight of 10 to 15 kg. The irradiation with UV
15  light is typically 1 h or more.

Both methods, the two step plasma treatment as well as the alternative method can either be
applied for an initial coating of a mold cavity surface (i.e. before use of the mold in
production) or for a repair coating (i.e. after use of the moid in production). It is to be pointed
20 out, that with the plasma coating method the applied coating is in general more uniform and
continuous, as well as that with the plasma coating method the applied thickness of the
coating is better defined. With the alternative method it is in general more difficult to apply a
uniform and continuous coating with a thickness of more than 15 nm to the cavity surface.

25  The printing on the at least one coated surface of the quartz or glass mold is preferably a pad
transfer printing, wherein a printing ink comprising from 80 to 98%, preferably 85 to 95%,
most preferably 87 to 93% of a water soluble prepolymer having crosslinkable groups as
defined below and 2 to 20%, preferably 5 to 15%, most preferably 7 to 13% of a pigment or a
combination of pigments is vsed.

30
The aqueous sofution comprising a water soluble prepolymer having crosslinkable groups
preferably is a derivative of a polyvinyl alcohol having a molecutar weight of at least 200 that,
based on the number of hydroxyl groups of the polyvinyt alcohol, comprises from
approximately 0.5% to approximately 80% of units of formula



5 Nor dmann The follow ng basic colors were provided as printing

i nks for colored contact |enses (each conposition conprising 0.1% by
wei ght of Surfynol6420 and 1.0% by wei ght of 10lIrgacure) 2959, total:
1,19%: Basic color Pignent Pignment content in % Netfilcon content in
% Vi scosity (max. in nPas) Black Ironl®xide Black 15.00 Tot al
15.00 83.9 3700 Basic color Pignent Pignment content in % Neifilcon
content in % Viscosity (max. in nPas) Hazel Titan Di oxide 0.76

H, H,
\ig/c\g/c\\
o o
\g/ V)
i R’
R—N
RZ

wherein R is C;-Cg-alkylene, R' is hydrogen or Cs-Cr-alkyl and R? is an olefinically
unsaturated, electron-attracting, copolymerizable radical, preferably having up to 25 carbon
5 atom.

More preferably in the units of formula (V), R is methylene, R’ is hydrogen and R? is acryloyl.

Preferred printing inks are prepared by combining a Neffilcon solution (30% Nelfilcon and
70% water, wherein Nelfilcon is an acrylated-poty(vinyl alchohol) as defined above, from

10 Ciba Vision Corporation, Atlanta, US), a surfactant (e.g. Surfynol®420 from Air Products,
Allentown, PA, USA), and a photo initiator (e.g. lrgacure® 2959 from Ciba Speciality
Chemicals, Basel, Switzerland) with various pigments, e.g. from 0 to 10% titanium dioxide;
from O to 2% phthalocyanine blue (PCN blue); from 0 to 0.5% phthalocyanine green (PCN
green); from 0 to 8% yellow iron oxide; from 0 to 6% red iron oxide: from 0 to 12% chromium

15  oxide; from 0 to 15% black iron oxide. Each printing ink comprises from 0.05% to 0.15% by
weight of Surfynol®420. Each ink further comprises from 0.70% to 1.4% by weight of
Irgacure® 2959. The ratio is selected depending upon the desired color hue, surfactant leve,
and initiator level. For example, a red ink could be made by using a high level of red iron
oxide and a low levels of the other pigments. The amount of the Nelfilcon solution is varied in

20 % by weight accordingly to achieve 100% values.

Preferably, the mold assembiy according to the invention will withstand at least 10
manufacturing cycles, more preferably at least 100, most preferably at least 1000 cycles or
more.

25
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Examples

Example 1

In a mold assembly with a male mold half made from quartz and a female mold half made
from glass, a new but uncoated female glass mold was compared to a female glass mold
whereon a coating was permanently affixed according to the following procedure:

A silicone pad made from polydimethylsiloxane was contacted with the cavity surface of the
female mold half for 72 h under a weight of 10-15 kg {which for a diameter of the cavity
surface of 15 mm corresponds to a pressure of 1,6-2,4 bar). After contacting the cavity
surface with the silicone pad, the coated surface was cured using UV-light for 1 h.

The surface of the two female mold halfs was analyzed using Electron Spectroscopy for
Chemical Analysis (ESCA) with monochromatic Al-Ka radiation in an area of 0,8 mm
diameter at the center or close to the center of the female mold half.

To determine the thickness of the coating and to determine the composition of the coating of
the mold material undemeath, the s‘urface was sputtered av(ray at a rate of 2,5 nm/min using
a focused 3 keV Ar ion beam (diamrieter 200 pm). The comf’iosifion for each layer was
determined using ESCA as above.

The female mold halves were made from glass called BK7 (which is commercially available

_from the company Glaswerke Schett, Mainz, Germany).

For the new but uncoated female glass mold it has been found that it was covered by a
significant organic overlayer.

For the coated female glass mold after curing it has been found, that the cavity surface was
coated with a SiO; layer of a thickness from 8-12 nm with 25 at% (Si).

Both female mold halves were subsequently used in the production of colored contact
lenses.

The water soluble prepolymer having crossiinkable groups, i.e. the lens material, was an
aqueous solution of Nelfilcon {30% by weight of Nelfilcon and 70% by weight of water,
wherein Neffilcon is an acrylated poly(vinyl-alcohol) from Ciba Vision Corp., Atlanta, US).



C nnanon Titan Di oxide 1.00 Iron Oxi de Red 4. 20 I ron Oxide
Yel | ow 6. 00 Pht hal ocyani ne Bl ue 0. 10 Total 11.30 87.6 4500
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In the pad transfer printing, printing inks with the following composition were used (alone or
in combination, i.e. by subsequent printing):
80 to 90% of an aqueous solution of Nelfiicon (30% by weight of Nelfilcon and 70% by weight
of water) were mixed with a pigment or a combination of pigments selected from the

5 following table:

Color | Pigment particle size | available from
{max. in pm)
L* a* b*

White | Titan Dioxide 97.57 | -010 | 1.31 5 Nordmann
Black | Iron Oxide Black 2188|345 |3.63 5 Nordmann
Red Iron Oxide Red 3189 (298 2231 5 Goldmann
Yellow | Iron Oxide Yeliow 70.54 1 14.47 | 5845 5 Nordmann
Green | Chrome Oxide Green | 46.42 | -18.35 { 21.33 5 Goldmann
Green | Phthalocyanine Green | 25.21 -43.85 [ -3.10 5 Noveon

Biue | Phihalocyanine Blue | 17.68 | 13.93 | -37.41 5 [ Nordmann

The following basic colors were provided as printing inks for colored contact lenses
(each composition comprising 0.1% by weight of Surfynof®420 and 1.0% by weight of
10 Irgacure® 2959, total: 1,1%):

Basic | Pigment Pigment Nelfilcon Viscosity
color contentin % | content in % | (max. in mPas)
Black | Iron Oxide Black 15.00

Totat 15.00 83.9 3700
Basic { Pigment Pigment Néiﬁlcon Viscosity
color contentin % | content in % | (max. in mPas)
Hazel | Titan Dioxide 0.76

Iron Oxide Red 3.21

Iron Oxide Yellow 4.55

Phthalocyanine Blue 0.08

Total 8.60 90.3 4500




Viscosity (max. in nPas) Beige Iron Oxide Yellow 4.90 ~Total 4.90
95.0 3500 Basic Color Pignent Pignent content in % Nelfilcon content

in % Viscosity (nax.

Pht hal ocyani ne Blue 1.10

in mPas) Blue Titan Dioxide 4.20
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Basic Pigment Pigment Neffilcon Viscosity
color content in % { content in % | {(max. in mPas)
Cinnamon | Titan Dioxide 1.00
iron Oxide Red 420
Iron Oxide Yellow 6.00
Phthalocyanine Blue 0.10
Total 11.30 876 4500
Basic | Pigment Pigment Nelfilcon Viscosity
color content in % | content in % | (max. in mPas)
Beige | Iron Oxide Yellow 490
Total 4.90 95.0 3500
| Basic | Pigment Pigment Nelfilcon Viscosity
color content in % | content in % | (max. in mPas)
Blue | Titan Dioxide 4.20
Phthalocyanine Blue 1.10
Total 5.30 93.6 3000
5
Basic | Pigment Pigment Nelfiicon Viscosity
color confent in % | content in % | (max. in mPas)
Green | Chrome Oxide Green 8.80
Phthalocyanine Blue 0.10
Total 8.90 90.0 3000
Basic | Pigment Pigrnent Nelfitcon Viscosity
color content in % | content in % | {max. in mPas)
Gray | Titan Dioxide 6.55
Iron Oxide Black 3.23
Phthalocyanine Green .02
Total 9.80 89.1 3400




Total 5.30 93.6 3000 Basic color Pigment Pignent content in %
Nel filcon content in % Viscosityl (nmax. in nPas) G een Chrone Oxide
Green 8. 80 Pht hal ocyani ne Bl ue 0. 10 Total 8.90 00.0 3000 Basic

col or Pignment Pignment content in % "

The process for the production of colored contact lenses can be described as follows:

In a first step a colored image was provided on a cliché from which it was transferred to a

pad, from which it was printed on the molding surface of the female mold half, The printed

image was cured through exposure of the female mold half to UV light under a Hamamatsu

5 lamp with a fiber optic probe. No cut-off filter was used. The light was passed through a

condenser (f=22.5 mm), with a distance 40 mm from the condenser to the mold. UVB light

between 5 and 7 mWfcm? was used for 2 seconds, as measured by a Groebel detector.

In a second step, a predetermined amount of a Nelfilcon solution containing about 30%

Neifiicon, about 70% water and 0.1% Irgacure® 2959 was dispensed onto the printed female
10 mold haif. The female mold half was allowed to sit for 10 seconds before mating it with the

corresponding male mold half and closing the mold with a pneumatic closing system.

In a third step, the Nelfilcon solution was UV cured for 5 seconds with a Dr. Groebel lamp,

with a 305 nm (50% transmission) cut-off filter installed in the condenser.

In a fourth step, the mold was opened and the so formed colored contact lens was released
15 from the mold halves and transferred for further processing.

Finally, the molds were air-dried and reused.

For the new but uncoated female glass mold, the molding results were in general less
consistent and about 30% of all lenses produced were rejected due to “no print”.

20 For the coated female glass mold, the molding results were of constant moiding quality with
less than 10% of all lenses produced being rejected due to “no pﬁnf. The surface quality of
the lenses were “good” to “average”, indicating that the protective coating is not as uniform
and continuous as in example 2 (see below).

25
Example 2

In a further mold assembly with a male mold half made from quartz and a female mold half
made from glass, a female glass mold was applied whereon a coating was permanently
30  affixed according to the following procedure:

In a plasma treatment installation of the type PlasmPrep 5 (available from Gala Labor
instrumente GmbH, Bad Schwalbach, Germany) an oxygen and tetramethylsilane plasma
were applied in a two step process:
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The female mold halves were assembied in a carrier plate and cleaned with compressed air.
The carrier plate was then introduced into the plasma oven. The (metal) carrier plate forms
one of the two electrodes between which the plasma is ignited.

The treatment chamber comprising the carrier plate with the female mold halves was
evacuated to a pressure betow 0.5 mbar. Then the oxygen was supplied to the treatment
chamber and it was further evacuated to a pressure betow 0.22 mbar.

Then, the plasma was ignited and the female mold halves were pretreated with an oxygen
plasma for 3 minutes (with a bluish light in the treatment chamber).

Subsequently, the treatment chamber was flushed with Argon gas for 10 minutes to a
pressure between 0.76 to 0.88 mbar in the treatment chamber.

In a second treatment step, oxygen and tetramethyisilane were supplied to the treatment
chamber, the plasma was ignited again and the molds or mold halves were treated with an
oxygen / tetramethyisilane plasma for 10 minutes at a pressure between 1.5 to 1.8 mbar in
the treatment chamber.

After the treatment, the female mold halves were removed form the carrier plate and
reassembled into the production tooling.

The surface of the female mold haif was analyzed using Electron Spectroscopy for Chemical
Analysis (ESCA) with monochromatic Al-Ka radiation in an area of 0,8 mm diameter at the
center or close to the center of the female mold half.

To determine the thickness of the coating and to determine the composition of the coating or
the mold material underneath, the surface was sputtered away using a focused 3 keV Ar ion
beam (diameter 200 um) at a rate of 2,5 nm/min. The composition for each tayer was
determined using ESCA as above.

For the plasma coated female glass mold it has been found, that the cavity surface was
coated with a SiO; fayer of a thickness from 36-40 nm with 30-32 at% (Si).

Far the plasma coated female glass mold, the water dynamic contact angle was determined
to be 81° (n = 4 measurements with a Standard Deviation of 2°).

The water dynamic contact angle was measured with a Kruss™ G 40 system using the
Sessile drop method . The water surface tension was 71,35 mN/m. The contact angle
measurements were performed 30, 60, 90, 120 and 150 seconds after the drop was placed



The process for the production of colored contact | enses can be
described as follows: In a first step a colored i mage was provi ded on
a cliche fromwhich it was transferred to a pad, fromwhich it was
printed on the nolding surface of the fenmale nold half. The printed
i mge was cured through exposure of tfge fenmale nold half to UV |ight
under a Hamamatsu 5lanp with a fiber optic probe. No cut-off filter
was used. The |light was passed through a condenser (f=22.5 mm), with
a distance 40 nmfromthe condenser to the nold. UVB |ight between 5
ROt b ok Dot ST i oA A e G s

was Pe ,
sol uti on contai ni ng abou't?p%l(‘)%gﬁ ?{a%gﬁyna%Bﬁ?e Pooplatedvalugsd 0. 1%
Irgacurrerm.12959 was di spensed onto the printed female 10 nold halt The
fenmal e nBhelplhsthd costes! fethilo WRSE iholdSiak ity i b0LSn TRL NG, 1t
Wi th shecgid gagrndi ng mal e mol d hal f ?\%&gf%?ﬁgﬁ%ﬁﬁd%' 'agﬁﬁ"l"ﬁ"%a
pneumatic closing system In a third step, the Nelfilcon solution was
W cured for 5 seconds with a Dr Graeber lanmp, with a 305 nm (50%
t ransmn sBorahg watsit softible grédol h&sig ' he condenser. In a
fourth s{hgg, in nhz nol d 'ir/aés ygt{ggr]led a_rrlofgﬁﬁéag g ﬁ%‘gh%%?%‘?‘%tﬂ“%cﬂ‘??&!t
| ens was T &l ang ks 5 wellas forBe pioductinp ppsessane Exaraptefer red for furt her
processing. Finally, the nolds were air-dried and reused. For the new
but wwmcoated femal e glass nold, the nolding results were in general
| ess con'_si §teqt and about 30% of all |enses produced were rejected
due to " MsRIRRMa costed fepaly glassqonid, dk helding esgltsagse BMdofistarit ibidiy di g
resul t s qualitg with lesothah 8%tof BPleHidiGr ' » than 1Q% of _al |
| enses nfayeefle RELDY,L.Elect ed ”SJU%‘&?%? M”n'g\/}%%{;}ﬁég 8‘.§e he %ﬂ&f SURMI ity
of the |ensés were ~good ey good \fa rgegd’ indicaftng dhat thegratértive edating is
pr ot ecti%‘”ﬁb%ﬁdiongﬁmsumot as uni formand continuous as in exanple 2
(seel®elow). 25 Example 2 In a further nold assenbly with a nale nold
hal f madg from quartz and a female nold hal f made from gl ass, a
femal e gl asS A UVIRHUES SYalusted Wity ESSGHA after 8 auepkegn pavsluglion. TAS &d,| Y |

30af f i xegatiigctl dilinget oplofetiveRobiy 085 R AGERLLSE it 43, eat ment
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| nst rument e H- BAG. St AWAFSAehe 8999 an oxygen and

tetramet hyl silane plasma were applied in a two step process: The

f enedle nmthd phaiustRg nedad i .carri.er. plate and cleaned wth
: oren ﬁﬁ&%&gs’\;\/’gbs'%{eﬁfgoﬂ c:n%{:? g’(?d’@@‘dc‘? b 3lmestp| asna

compressed. al . .The carrier plate

oven. T%g'q'c grr{ée{j‘a Hich ingreqsed f‘hﬁlc’éi?’é" Yigld ek the feas pfanufacturingpraseeciono 6B80%

bet ween #1384t he plasma is ignited. The treatnment chanber conprising
the carrier plate with the fenmale nold hal ves was 5 evacuated to a
pressurﬁ bel ow 0.5 nbar. Then the oxygen was supplied to the

t r eat ment® PRYASEIMERNENG; rrocgesadeardingds theviventh@listrépraseRl £5&dh&mipe! oW

0. 225 mbadvaniBge in, thé MaAnTARSEBF Beal he femal e mold hal ves
wer e prﬁ’ta[’ﬁ%’?g C\%??g an. %ﬁg@%ﬁa&gr?%‘g%gr%géh%%mm???&(aﬁnc?'ﬂmﬁmlﬁ‘l ui sh
light iR the treat nBAt CHADYPSuced in a regsablemeld with pinimdl defects dtent
chanber rafyaliof thereng fiamtthe Wolgand gas mirrhal Fedibni iR o 1@ fntt0 pressure
between 0.76 to 0.88 nbar in the treatnent chanber. I'n a second
treatnent step, oxygen and tetranethylsilane were supplied to the
treatment chanber, the plasma was ignited again and the nolds or nold
hal ves were treated with an oxygen / tetranethylsilane plasnma for 10
m nutes at a pressure between 1.5 to 1.8 nbar in the treatnent
chanber. 15 After the treatnent, the femal e nold hal ves were renoved
formthe carrier plate and reassenbled into the production tooling_
The surface of the fermale nold half was anal yzed using El ectron
Spectroscopy for Chem cal Analysis (ESCA) with nonochromatic Al -Ka
radiation in an area of 0,8 mmdianeter at the 20 center or close to



25 For the plasma coated female glass nold it has been found, that
the cavity surface was coated with a 8102 |ayer of a thickness from
36-40 nmwith 30-32 ark (Si). 30 For the plasma coated fenal e gl ass
nol d, the water dynam c contact angle was determ ned to be 810 (n = 4
measurenents with a Standard Deviatiorv-of 2). The water dynam c
contact angle was neasured with a KrussTM G 40 system using the
Sessile drop nethod . The water surface tension was 71,35 nNm The
contact angle 35 neasurenents were perforned 30, 60, 90, 120 and 150
seconds &laims t he drop was placed - 16 - on the sanple nold. Wth

t hose val ues an extrapolation for the contact angle at t=0 seconds
was perfornmed. The nean val ue was cal cul ated by n of these

ext r apol dt edAvwmidassembly for thémeanpfagiereeof @blasst dnd ephitiaénigleas,dn patiailanas
subsequent | Yedklehd whidt mdicOluErhdiP Borfifist ) AERUNPEANEAd b#RSRRe frofiC!
t he ter sol ubl e prepol yner having crosslinka roups, Le. the

I ensmﬁat er i aPPSSHGUITBWherRin #gast onef theicavity sutfraep °%\'gefft9 A3 comprises
product i on pa oeatiag ofmendrymigrhateral tolfotbQithd hdld PAr&Som sk BEmbeiRadr ar

gl ass nol d, i resul ts e _0of const ant | di n uality with
 ess than 5‘%’ %ﬁmgﬁ?‘%r%gﬁg & sai'lé? (E:)h uowgiéa‘g'écl 'R ?”E BE%%P'V&LF@ a@ﬁ%ﬁ*‘ﬁﬁ% "
The surface @aRried angd ngfmaneatly afiined 4o the cavity sefagesjofdl mold asspodly. |

i ndicating that the protective coating is uniformand continuous. 15
The I@ns nol d was further evaluated with ESCA after 8 weeks in

prodd tion. The Si02 coating still indicates a protective coating of
35 nm t hi2ck nElssmulil bése8Biy DR claindd, (WBijeirathel att ikt ol d tHer aRie) durféGes iohthe
producti on : . ' | n, .the production of printed
cont act Ien!ﬁ%@‘%ﬁ%ﬂ?%?%gb%%ﬁg%?gggﬂ?gwgﬁg ﬂFth' coul d be al nost

el i m nat ed, which increased the overall yield of the |ens

manuf acturing process from 60-80%to 90-95% The nold assenbly and
process accogding.to the invenfion thus represent an econonic, 25,
varitags. | nrTHESk afksab et PRD iiin e R Bah bedaEs Rt piriece

| enses, as coadeeiram gbssyr ade | enses can be consistently produced in a
reusable nold with mniml defects due to renoval of the lens from
the nold and with mnimal rejections due to "no print". - 17 -
Clains 1.A nold assenbly for the manufacture of at |east one

opht hal midc | Besmold Bsseblyiof tikiay 1, vheRi 1AS proletti®, codtigGduridlams senbl y
conp@bses a &ﬁ%ﬁﬁﬁge pair of nold parts nade fromglass or quartz
wherein at | east ohe of the cavity surfaces of the nold parts
conprises a coating of an inorganic material to protect the nold
parts fromattack by nononer or prepolynmer used in nmaking the
ophthal mc |lens, which protective coating is externally applied and
per manentty S1TYdasseRoyipbclainy, | whewjiy the pratectye copfinahgs g thicksesstitop  The
mol d assenbl 40 wh tac! @ rpréferablp @oei 15 rirhie 180 nneAE moeRefefablyM@mCMIN % 50
surfages of fhe nold parts is the cavity surface of the fenmale nold
part. The nold assenbly of claim1, wherein the nold part with the
coated cavity surface is nade fromglass. The nold assenbly of claim
1, wherein the protective coating is uniformand continuous. The nold
asserbl y 6.Of ‘Frlear{'&o% %éseml?:ro?rlﬂglmt P %vhgrre%ttﬁg érlo%{egtiv%%%;tling rot]r%sés ?or ta r\}vlz;l?eltS ness

from
dynamic contact angle of from 60° to 100°, preferably from 75° to 85°, most preferably
30 around 80°.

7. The mold assembly of claim 1, wherein the protective coating comprises silicon oxide
(SiOz) in an amount from at least 20 at% (Si), preferably at least 25 at% (Si), most
35 preferably at least 30 at% (Si).



10 nmto 1 pm preferably from15 nmto 100 nm and nost preferably
from20 nmto 50 nm The nold assenbly of claim1l1, wherein the
protective coating provides for a water dynam c contact angle of from
60 to 100, preferably from 750 to 85, nost preferably around 80. The
nol d assenbly of claim1, wherein thel8protective coating conprises
silicon oxide (Si02) in an amobunt fromat |east 20 at% (Si),
preferably at least 25 at% (Si), nost preferably at |east 30 at%
(Si). - 18 - 8. A process for the manufacture of a nol ding,
conprising the steps: (a) permanently affixing a protective coating

Of (2, 19 SR fockBg S hatdieciive bEARbIRGAMIMANE b Y SUTTaces of o

quartz or glass nold assenbly an aqueous sol ution
conpri si ng aPhBRBRYYY affried ﬁP "Sﬁfé‘?‘"’ﬁﬁ?%@o@ﬁ% matem'at@a@e@ﬁt efef
into the rml d; tr(ee:)awtyrwtfa@&bf@qﬁrtz@f@&éslmdldl{hé%ﬁmbu irradiation with

UV-1i ght; fromthe no shi ng and
dryi ng t he n((l)) g%gfnggn%\&?ero (%Sc%(gusm ?’"‘%’}?&‘gﬁdﬁﬁ?’ég{iﬂf’gfe&%@'ﬁe "’HPng
conpri sing the@ﬁ@pbﬂbie(wupp@ﬁmlamol y affixing a protective coating

of an inorgagj ﬁmaﬁfg%?br%sllhﬂnga{sy Jrﬁ‘(ﬁﬁfon%ﬁUQ‘ch hhe cavity surfaces of a

quartz or gI SS o a r|nt|ng on the at | east one
coat ed surfa '8?5"19(3{@ E‘BQF‘PE%B‘rm%'T"%’gsa“HDI d; (c) optionally curing the

print by i rr@iwaghingrandidtyingthé mmoight ; (d) i nt r oduci ng an aqueous

sol utjgon conprising a water sol uble prepolynmer having crosslinkable
groups into the nold; (e) initiating of crosslinking by irradiation
with U/-light; 20(f) releasing the nolding fromthe nold, and (Q)

washi ng and ,dbbbbéﬁ férige MBhacture of a mdifling, E%pfiﬁir%ﬁ&&eﬁ@r t he
manuf act ur e .acco ein the

e e 1) el SR § Bfiohfh coBug T pean gt s 1 Pekpom
steps: - provi theregvity sgifddes ohaeqyzsd pr glassomdidiedsemplyt he silicone pad with

the qavity SQM’ Erﬁﬁﬁ‘g Mthre Qﬁeé@bﬁe% e sﬁﬁac%%{ﬁ@%&% dr aséamro e fromlto

10 days, preferab sure fom1t05
bar, prefer &6 ?P“?"@VP‘H'“St'ﬁa?”"‘%?’éd'ii&oéf“ﬁ?é’ﬂf"yml 6 to 2,4 bar; 30-

curing the cdpintroduciay ah bgRBUSEIABN brhtisidY alidteoudid prepbgmer iReRgs for

t he manuf acturgmggha&bigo%% 31“9 C(a%of*ng to claim10, erein the

silicone pad is yl sil oxane. -19- 12. The
process for @h’é“'ﬂﬂiﬁlﬂ@[@%&)ﬂbﬂ&tﬁyIaadmiodwnglls{dlgmr ding to claim8 or 9,

wher gpn t he Qél@@d}%éh‘mfafn%'fr&n%&aﬁ dng @ two step plasma treatnent
conprising t | ow 9@?’ - treating the at |east one of the

cavity surfa an "gé’”aﬂ&f”@ih °di ass nol d assenbly with

10. The process for the manufacture of a molding according to claim 8 or 9, wherein the
25 permanently affixing (a) is a process comprising the following steps:

- providing a silicone pad;

- contacting the silicone pad with the cavity surface of the mold half to be coated for a
time from 1 to 10 days, preferably 24 to 72 h, with a defined pressure from 1 to 5 bar,
preferably 1,5 to 3 bar, more preferably 1,6 to 2,4 bar:

30 - curing the coating by irradiation with UV fight.

11.  The process for the manufacture of a molding according to claim 10, wherein the
silicone pad is made from polydimethyisiloxane.
35



an oxygen plasma; and 5- treating the at | east one of the cavity
surfaces of a quartz or glass nold assenbly with a silane nononer

pl asna. 13. The process for the manufacture of a nol ding
according to claim 12, wherein the silane 10nononer plasma is a m xed
oxygen / tetranethylsilane plasma. 149 _The process for the

manuf acture of a nolding according to claim9, conprising the steps:
15(a) applying to at | east one surface of a quartz or glass nold
assenbly a uni form and conti nuous protective coating using a two step

pl asma tr1eatmmce(;@)or@.@nmnhﬁau%fh%m{g dcBtsing m.&%%@%@@éﬁee of

the quartz or Ias gadtransfer r|nt|n optionally

curing the p‘?‘frﬂ?“w %)’f'%ﬁuzﬁagw e Rlagfie Iregjment CQ@(’W"QtH‘i bRytieg $iPsan

aqueous sol Ut treating tepat leastoge af thatedty sufaody o armeqmir)gmﬁ mbB\als§i@nbly with

crosslinkabl e, ,g{)])g)éj%ﬁ i e nmold; (e) initiating of crosslinking by
podie =

irradiation wt releasmgthe nol di ng formthe nold,
and (g) washi fiepting theqst gﬁﬂ@"?ﬁ herpavily S%C%@fammfatﬁésmm@ﬁsm with
manuf act ur e of sifan8®lodbmier pa@@r ding to one of clainms 8 to 14, wherein
the at |east one of the cavity surfaces of the nold parts is the
cavity surface of the female nold part made from glass. 30 16. The
process for the manufacture of a nolding according to one of clains 8

to 14, whareflh fb@sYRl Bk {ﬂghﬁo fo &%%ﬂlwéorpﬂ% kor@alrﬁr'@%ﬁﬂe:ré?l}n(@\? sifane

groups is a derivative o yvin avi n ecu

wei ght? of ath@é}HPEe'oatw'xe%%w ﬁtratﬂwé‘wﬁdwasaﬁ - 20 - hydroxyl
groups of the polyvinyl alcohol, conprises fromapproxinmately 0-5%to
approxi mately 80% of units of for mul a 5 wherein Ris

Cl-C8-al kylene, Rl is hydrogen or Cl-C7-alkyl and R2 is an

ol ef i ni cd¥ mimeaas for the maslifacturend a sndidinaciciording toogien@ner i zabl e

radi cal, pr eéc@,;pﬁghgmlggwpgg up to 25 carbon atom 10 17. The pr ocess
acco)r}Smgto rein in the units of formula (V),

met hyPene f(f ?%p"i‘fﬂﬂcf? Sb'g"f‘?t 8?1"(15‘159‘:‘? o aqupts eglass myitkasserpRly 3 F"(‘J@EE §"q or
t he manuf act ur eontifuauspoitettivegcaatoisthigngwb etep pRisiia rdatmelier ein in the

pad (b) printing on the at least one coated surface of the quartz or glass mold using pad

transfer printing;

(c) optionally curing the print by irradiation with UV-light;

20 (d) introducing an aqueous solution comprising a water soluble prepolymer having

crosslinkable groups into the mold;

(e) initiating of crosslinking by irradiation with UV-light;

(f) releasing the molding form the mold, and

{g) washing and drying the mold.

25
15. The process for the manufacture of a molding according to one of claims 8 to 14,
wherein the at least one of the cavity surfaces of the mold parts is the cavity surface of
the female meld part made from glass.
30

16. The process for the manufacture of a molding according to one of claims 8 to 14,
wherein the water soluble prepolymer having crosslinkable groups is a derivative of a
polyviny! alcohol having a molecular weight of at least 200 that, based on the number of



transfer printing a printing ink conprising from80 to 98%
preferably 85 to 95% nost preferably 87 to 93% of a water soluble
prepol yner having crosslinkable groups is used being a derivative of
a pol yvinyl al cohol having a nol ecul ar weight of at |east 200 that,
based on the number of hydroxyl groupzoof the polyvinyl alcohol,
conpri ses from 20approxi mately 0.5%to approximately 80% of units of
formul a - 21 - H HC H H 0 O H (V) Ri

hydroxyl groups of the polyvinyl alcohol, comprises from approximately 0.5% to
approximately 80% of units of formula

H, H,
c c
0 (8]
Ny ’é e )
I R’
R—N
R2
5
wherein R is C;-Cs-alkylene, R is hydrogen or C:-Cz-alkyl and R? is an olefinically
unsaturated, electron-attracting, copolymerizable radical, preferably having up to 25
carbon atom.
10

17.  The process according to claim 16, wherein in the units of formula V), R is methylene,
R'is hydrogen and R?is acryloyi.

I5 18. The process for the manufacture of a molding according to claim 14, wherein in the pad
transfer printing a printing ink comprising from 80 to 98%, preferably 85 to 95%, most
preferably 87 to 93% of a water soluble prepolymer having crosslinkable groups is used
being a derivative of a polyvinyl alcohol having a molecutar weight of at least 200 that,
based on the number of hydroxyl groups of the polyvinyl alcohol, comprises from

20 approximately 0.5% to approximately 80% of units of formula



R N "N R2 wherein Ris Cl-Cral kylene, Rl is hydrogen or

C-Cralkyl and R2 is an ol efinically unsaturated,

el ectron-attracting, copolynerizable radical, preferably having up to
25 5carbon atons; and wherein the printing ink is further conprising

2 to 20% preferably 5 to 15% nost pgieferably 7 to 13% of a pi gnent

or a conbi nation of pignents. 1019. The process according to claim3$8

or 9, wherein the steps (b) to (g) are repeated in a cycle.

H, H,
c C
0 0
~u %
| R’
R—N
R2

wherein R is C,-Cg-alkylene, R’ is hydrogen or C,-Cralkyl and R? is an olefinically

unsaturated, electron-attracting, copolymerizable radical, preferably having up to 25
5 carbon aioms;

and wherein the printing ink is further comprising 2 to 20%, preferably 5 to 15%, most

preferably 7 to 13% of a pigment or a combination of pigments.

10 19. The process according to claim 8 or 9, wherein the steps (b) to (g) are repeated in a
cycle.



