WO 2004/ 101260 PCT/ EP2004/ 005123 LENS COATI NG CURI NG METHODS 1. Field of
the I nvention The invention relates to nethods of curing coatings on |enses.
More specifically, 5 the invention relates to nmethods of curing one or nore

coati ng:wg:}o(gﬂﬁ{%éde of a lens wthout danmaging an eﬁflfﬁié#g‘{/@gﬁki ng or

coating r side of the lens. 2. Description 0 rt Lenses
suited for use in eyeglasses, such as ophthalmc lens, typically have one or
nore coatings on either or both sides of the |enses. Such coatings include

hard coatings, 10 which gj i whi ch they are applied
abrasi on-resistant pr operﬂ‘:ég;&ggﬁua&%€mi@¢§gs, whi ch hel p
elimnate reflections and, consequentially, reduce the fatigue and/or
stress users may experience while driving at night or working in front of a
conputer; and mirror coatings, which give the lens a shiny, mrror-|ike |ook
and tend to reflect harsh light rays emtted fromsurfaces such as snow and
wat er. These coatings 15 maybe applied to a lens at different times during
t he manuf acturilng pritieéofthellnvadion cases, the | aboratory of the business
where a customer goes to have his eyeglass prescription filled will apply
one or nore of the coatings to the lens. . In sone of the cases, the lens
will already hahéiByretien reﬁ%?setoa@%laqdﬁgg CUEIg GORRES AN lpwsef. Miore SRR ox

side, when it is shipped to the | aboratory/business. Specifically, the |ens
may hafe ahharvantin weleies tognethndsaoft ¢uringfone or imase coatinigagn ane sidst ¢f Tdemsi ngs on
its front side. As another exanple, the lens may have a hard coating, a

mrror coakithvgit dfaghgt dh @mmgnaain%remr béaBings @Ménottictiside o OBRIRNRVATI ON COPY WO
2004/ 101260 PCT/ EP2004/ 00512 2 pendi ng on the custoner's preference, the

'aboratory nmay then apply a hard
y Y 2. Deggrigtion of Related Art

Lenses suited for use in eyeglasses, such as ophthalmi§ lens, typically have one or

more coatings on either or both sides of the lenses. Such coatings include hard coatings,

10  which give the side of the lens to which .they are applied abrasion—resistant properties;
anti-reflective coatings, which help eliminate reflections and, consequentially, reduce the
fatigue and/or stress users may experience while driving at night or working in front of a
computer; and mirror coatings, which give the lens a shiny, mirror-like look and tend to
reflect harsh light rays emitted from surfaces such as snow and water. These coatings

15 may be applied to a lens at different times during the manufacturing process.

In some cases, the laboratory of the business where a customer goes to have his
eyeglass prescription filled will apply one or more of the coatings to the lens. In some of
these cases, the lens will already have one or more coatings applied to its front, or convex
side, when it is shipped to the laboratory/business. Specifically, the lens may have a hard

20 coating, an anti-reflective coating, or both coatings on its front side. As another example,

the lens may have a hard coating, a mirror coating, or both coatings on its front side.
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coating, an anti-reflective coating, or both, to the back, or concave, side
of the lens. The laboratory may also apply a hard coating, an
anti-reflective coating, or both, to the front side of the lens if no such

coat i ng( o swi/sd13600r i f one or nore such coatings are pegagaghs/obsiine same i s
true for a hard coating and a mrror cgating (as opposed to an

anti-reflective coating). Prior to applying coatings to a lens, a
| aboratory will typically surface the lens to the appropriate prescription

power, accor di 'Mﬁérﬁl_hif@n@hﬁiélﬁmﬁér’:‘s preferisice, Thelabortory asayt thad apply ddgaré@ppl i ed
to either or both sides of a lens may be UV- curable. "UV-curable" neans

b
curabl et fooughat B ARRLGGAL:A, OF bith! b/ bdtkedr dofvel Gad Bthe 1hsca8E i NO. The

coatings that Ty be app to’either or both si 0 ens may
alternatively be heat.-curable. Different cogtings respon ifferently to
neat . or JROBPTEY 1 iR pard Aonith 47 o s BRE Mol e e Y heat e
too nuch. Both anti-reflective ,and mrror _coatings are npre sensitive to
heat than siigrdf taolens Hgro syshicoating(s) egisis\as iboRe oF MPwErsuel 503tiNgs ag nsgdeds tend to
crack if heated too much. Typically, however, danmage to anti-reflective and
m nor §oatThegame & tdesfor b herdl @ating aml awirrorkedatmgriesoppobet torannamticefletieel wi t h
fine cracks. Anti-reflective and mrror coatings tend to craze when heated

too much hegdsyeptiben a@ﬁg'iﬁgoéoaﬁﬂéssts%ﬂerﬁ, 908628k Wil YydichlI9x%asndt Hotas the

i nfluence of heat. A hard coating is typically at least 20 to 50 tines

apply o NS s b g el Spfifl KR BB RRa ] L% 0 ere

that UV-curable hard coating w thout danaging a hard coating, an

anti-refl ectiv&heeostirngsdghataniaypbd hpplietad eigher o both $ide dff Dlens ShajebeolVt he | ens.
WO 2004/ 101260 PCT/ EP2004/005123 3 It is also known to cure a

thermally- | @ \anAb O ahdand 1 G ShiiRalén 8f WEASiolbtSiaPdiodht her mal
curing fl u({ﬁgh%ferboﬁ]j\gM Wlfet ho&t 8‘%?7%& naﬁ)%ctﬁgr%ﬂcgatl} ng on tl%e fa?%nt si de
10  coating. The coatings that may be applied to either or both sides of the lens may

alternatively be heat-curable.

Different coatings respond differently to heat. Hard coatings tend to be damaged
through cracks or cracking if heated too much. Both anti-reflective and mirror coatings
are more sensitive to heat than hard coatings. Anti-reflective and mirror coatings also

15  tend to crack if heated too much. Typically, however, damage to anti-reflective and
mirror coatings is described as crazing, which means becoming covered with fine cracks.
Anti-reflective and mirror coatings tend to craze when heated too much because they do
not possess a good ability to expand under the influence of heat. A hard coating is

typically at least 20 to 50 times thicker than either anti-reflective or mirror coatings.

20 It is known to apply a UV-curable hard coating to the back side of a lens, and to
cure that UV-curable hard coating without damaging a hard coating, an anti-reflective

coating, or both, that exist on the front side of the lens.



of the lens. The lens was dipped into the thermal curing fluid, which had a
tenperature of around 132 C. The |l ens was nmade of pol ycarbonate (i.e., it
was a polycarbonate lens 5 as that termis defined below), and the front

si de har dvoaemsiimgeovas nostly acrylic or soft organosipdwErFo4/00bR3f ront side
did not have an anti-reflective or mng coating. It is also knowmn to bake a
| ens having a thernmally-curable hard coating deposited on a UV-curable
primer on the back side of the I ens without damagi ng a hard coating that

exi sted on the If fsaiso khibda teture hehdrmaly-curbide hadzowaigy ommtle badk sidel of @adéersonat e.
The front side 10 did not have an anti-reflective or mrror coating.

SUMVARY OF e, hbMEINELGR: Weidrra BRE wilibitQidtaging adfiYd 63%ink RathdBontRRieused to
cure one or nore coatings on one side of certain |lenses w thout danagi ng

one or nore.coatin ther  Si enl: , one of
our met hod%ftlgfr:l\i/}% 'vgge ger%g)& gidfpd)gglqtglrtl}%qﬁ%&a}l% a %‘%g’i%ﬁlghrhg(?%éc |\E/I%L%r m nor

coating on a first side of the |ens; deposjting.a heat-curable coating on a
second si el BpudHa2l Endthedsps Wsdnadsf PalycH %ai%@-ﬁam%asmlyquﬁfﬁﬂ%t

damagi ng the anti- reflective or mrror coating. Another of our nethods

i nvol vés passthatdemyisalefioed pelow), pod jheafrdnt side datdeostidgawanmostly ddrylitorsofit i ng on

a first side of the lens; depositing a heat-curable coating on a second 20

si de of t herghyBicomddrHeefednt Bide UidenohBave-a8 uhid fecivsdr migroncédimgt damagi ng t he

first coating. Another of our nethods involves providing a |l ens having a

first coating on a first side of the |ens; depositi n% a heat-curabl e
coating on a seltorasosknpsvngp bakea leaa daving athepmlpoouable hagropdy dapeetd/ 005123

{4 curing the heat-curable hard coating; and cooling the lens so that the

first coat omgUVscuratile primengrethe byck dide dfekd lensuwithant dshagihg ahaidrveatingf thaur
nethods is a nethod of curing one or nore coatings on a |ens,
existed on the front side of the lens. The lens was made of polycarbonate. The front side

10  did not have an anti-reflective or mirror coating.

SUMMARY OF THE INVENTION

We provide methocis and devices that may be used to cure one or more coatings
on one side of certain lenses without damaging one or more coatings on the other side of
those lenses. For example, one of our methods involves providing a lens having an anti-

15 reflective or mirror coating on a first side of the lens; depositing a heat-curable coating on
a second side of the lens; and heating the heat-curable coating without damaging the anti-

reflective or mirror coating.

Another of our methods involves providing a non-pure polycarbonate lens having
a first coating on a first side of the lens; depositing a heat-curable coating on a second

20 side of the lens; and heating the heat-curable coating without damaging the first coating.

Another of our methods involves providing a lens having a first coating on a first

side of the lens; depositing a heat-curable coating on a second side of the lens; heat



and the nethod includes heating the lens for a period of tinme; and cooling
the lens for a 5 portion of the period of tinme. Additional nethods are
descri bed bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS The fol | owi ng draw ngs
denonst r M0e20e£101260n, but not necessarily all, aspect s POT/EPR@4/0¢i12%5ent

met hods. The drawings illustrate by wgy of exanple and not limitation, and
they 10 use like references to indicate simlar elenents. FIG 1 is a flow
chart listing steps of one enbodi nent of the present nmethods. FIG 2

depi cts %E%@’ﬁ%%ﬁfbu?a{bléh&ﬂ%aﬁﬂé@fanmol&g thi Rls SOt HeChlst Yodlinphs héte present
met hods. FlI shows a setup that may be used to carry out oné or nore
steps of the é\‘; ﬁrﬁsaﬁnt.met hods. FIGS. 4A-4C shows different views of a

| ens hol §PREEHRYiReN ¥ ey be used in carrying out embodiments of the
present nethods. FIG 5 is a flow chart listing steps of another enbodi nent

of the present;mBhHRESof ouF histhofis &NOWEthad sEduRgloRabr fRdYe &mmg&&afen@,arry out
one or nore steps of the 20 present nethods. WO 2004/ 10126

PCT/ EP2004/ Q051 5 FIG,7.is.a {fIl har.t ;| kstin s _of ot her
erbodi morttd G ot Peldky el B den®lr & HRELS o B dh*ColPe U M 8% ope o
still another enbodinent of the present nethods. 5 FIGS. 9-11 shows

di f f e} entroBion@hthepsend affiAg testing of certain of the present methods.

Additional methods are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings demonstrate certain, but not necessarily all, aspects of the
present methods. The drawings illustrate by way of example and not limitation, and they

10 use like references to indicate similar elements.
FIG. 1 is a flow chart listing steps of one embodiment of the present methods.

FIG. 2 depicts one version of a lens that may be used consistently with the present

methods.

FIG. 3 shows a setup that may be used to carry out one or more steps of the

15  present methods.

FIGS. 4A-4C shows different views of a lens holding device that may be used in

carrying out embodiments of the present methods.
FIG. 5 is a flow chart listing steps of another embodiment of the present methods.

FIG. 6 shows a setup that may be used to carry out one or more steps of the

20 present methods.



FIG 12 is a diagramof a heat exchanger used in testing certain of the
present nethods. DESCRI PTI ON OF ILLUSTRATIVE ENBCDINENTS 10 In this
docurnent (including the clainms), the terns "conprise" (and any formo

conpr i seWOSHUHOES0 " conpri ses” and "conprising"), "havBeT /F%W8m§ﬁy3form(ﬁ
have, such as "has" and "having"), apd "include" (and any form of include,
such as "includes" and "including") are open-ended |inking verbs. As a
result, a method, or a step in a nethod, that "conprises," "has,™ or
"includes" onpI®r7 1¥0f glost st fisting se@noSyqasvtes embbinsat ofiehe presentnor e
steps or elenents, but is not limted to possessing only those one or nore
steps or I nts. Thus, and by way of exanple, a nethod "conprising"
providin&lgmﬁéns having a first side, a second side, and an anti-reflective
or mrror coating on the first side; . depositing a heat-curable coating on

t he second si g85.&f ist figlohectsart Asithghetadsi ofgstillhanokteatenidd dmnena lolf ¢he peeséntg wi t hout
damagi ng the anti-reflective or mrror coating, has, but is not limted to
only havi %he recited steps. That is, the method possesses the recited
steps, but al'so covers other steps that are not expressly recited. For
exanpl e, the nethod al so WO 2004/ 101260 PCT/ EP2004/ 005123 6 covers

deposi ti ng anpi¢ser9-¢t dahowg differamt aetdps sed dudng Hestihg aif certaialifehe petséntg - on
the second side of the lens, such as on the heat-curable coating or between
the second and the heat-curable coating. Furthernore, individual steps
of a netho are to be interpreted the same way. 5 That is, a step that
calls for "depositing a heat-curable coating on the second side" of a |ens
| means deposi t Fi@. 5 id @digram hfatheatexahinger ugediindesting toeraiperfahel peisetd of t he

|l ens. Thus, provided a heat curable coating is deposited on the second side
of the Iqﬁ§mxgh|s step al so

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

10 In this document (including the claims), the terms “comprise” (and any form of
comprise, such as “comprises” and “comprising”), “have” (and any form of have, such as
“has” and “having”), and “include” (and any form of include, such as “includes” and
“inciuding”) are open-ended linking verbs. As a result, a method, or a step in a method,
that “comprises,” “has,” or “includes” one or more steps or elements possesses those one

15  or more steps or elements, but is not limited to possessing only those one or more steps or

elements.

Thus, and by way of example, a method “comprising” providing a lens having a
first side, a second side, and an anti-reflective or mirror coating on the first side;
depositing a heat-curable coating on the second side of the lens; and heating the heat-

20  curable coating without damaging the anti-reflective or mirror coating, hzis, but is not
limited to only having, the recited steps. That is, the method possesses the recited steps,

but also covers other steps that are not expressly recited. For example, the method also



covers depositing additional coatings on the second side of the lens. FIG |
shows one enbodi nent of the present nethods. Method 100 includes 10 step
10, which is providing a lens, such as an ophthalmc lens, that has an

anti - r ef iaxtoba/m120r m nor coating on one side of the lpemEP2@40iE1ZBS a convex
side; step 20, which is depositing a heat-curable coating on another side
of the lens, such as a concave side; -and step 30, which is heating the
heat - curabl e coating wi thout damaging the anti-reflective or mrror

coating. 15 D%rrﬁ . r i ng Qar [ I.C 1 he d eye.
Thus, heat " cart %ﬁ‘gﬁ?eﬁc‘%ﬁéﬁ e @o%@l{tg’é @\n th Eg%t% Pﬁggér%ggcltogté&g] an(gc}f1 er coating
means that the other coatin is nof cracked ot crazed (as perceived by the
naked eyeSFCQi‘Qé‘QGOOfttH%?%éﬁ%uc & PRghe ];5356“&’?}? RGOt OI?I%e%WS?({"ﬁ‘ﬁsg? SH% a lens
is defined as a coating that (a) is positioned over that side, (b) need not

be i n conmnddhe hert-¢uretatoatinge - i.e., one or nore intervening 20 coatings
may be di sposed between that side and the coating in question, and (c) need

t th id | ly. 2004/ 101260, PCT/ EP20 005123 7 A
i e That | Haebermirs, JODN L eps i€ DeUOAITER0 e UETIAGO M SET2Y coat i ng

that (a) is positioned over that side using any neans of depositing (such
as spbn chmt isng stegithat C@Bafqrﬁ‘gqusrtlrxg@chﬁamna@lge§p@tirtgr9n, thespeandesifien s abe i n
contact with that side - i.e., one or nore intervening coatings my be

di sposed |patMean défdsitingiatRaanthettmrabbeddating omthgsesinidaite of thedamh. (Thus,need not
cover that side conpletely. "Heating" a lens is defined as raising the

~tenper at %&i&éq 4 Hﬁ Eﬁaﬁletclaétﬂ‘fggig dkmitg@&piﬂfe%ﬁgg@m&foﬁ}ﬁatens,"thi@%% bhgo can, but

 need not," result he conpl/ete curing 0 e coating or coatfngs on t he
& et i o Bedgie aedgei e e BhMeler Rt he bl "are not desi gned Lo
FIG. 1 shows one embodiment of the present methods. Method 100 includes
10 step 10, which is providing a lens, such as an ophthalmic lens, that has an anti-reflective
or mirror coating on one side of the lens, such as a convex side; step 20, which is
depositing a heat-curable coating on another side of the lens, such as a concave side; and
step 30, which is heating the heat-curable coating without damaging the anti-reflective or

mirror coating.

15 Damage means cracking or crazing noticeable to the naked eye. Thus, heat curing
a heat-curable coating without “damaging” another coating means that the other coating

is not cracked or crazed (as perceived by the naked eye) due to the heat curing.

A coating that is “on” a side of a lens is defined as a coating that (a) is positioned
over that side, (b) need not be in contact with that side — i.e., one or more intervening
20  coatings may be disposed between that side and the coating in question, and (¢) need not

cover that side completely.



10 play a role in the inparting of coatings on the |lens. "Heat curing"” a
coating is defined as curing, though not necessarily conpletely curing, the
coating using{any sui t abl e means of applying heat to the coating? The heat
may be gHEMM/ VY0 or exanple, by an infrared heater, PREEFINYOBYY s, or any
other thermal heater, and applied, fgr exanple, through the use of forced
air or sinply proximty (e.g., 15 the heat reaches the coating by virtue of

t he source of the heat being close to the coating). "Heat curing" can

i ncl ude pre- cW ¢daging &gt hiebecheieposited tarech dige dtleneisafefinkd bd a coatinigahar t ; post -
curing, as that termis used by those of skill in the art; or both pre- and
pOSt - curi B AitifiRAlsver! ifle uGRS LY el fehith AGuéh in B6htinBadip! S

curabl e t@?‘&?@?{u%}%@ ngpgﬁf)%:la% iuongofyﬁlg%{tﬁ dr?glt er t%ﬁ u t%- V?a(jng,[ P

l'ight/radiation. Thus, ,ultr.a viglet-curable 20 coathngs.are not

heat - cur afﬁf?té‘gc%f’ ARG dgPopitiank ’?Fé%oﬁ@e H’fcof"ﬁz}cg " c@ﬂ’gﬂfl? “Af S8 Pl e of a

l ens to which a heat-curable coating nmay be applied and cured in_the manner
of met hodnareigrerinhopatings wayche dispessd etivgen that udreandrthe seating dequpstiohd second
side 54. In the enbodinent shown in FIG 2, first side 52 is convex and
secong siafé (§4etdnof\Co PRt 1ide 26@pRETY. EP2004/ 005123 8 concave. First side 52
has a coating on it. Mre specifically, first side 52 has a nunber ' of
coatings, or |layers, on it - coatings, 56, 58, and 60, Coati rh% 5 y be a
primer coatinge folens d dsfinedpst isipese feappeaiuee phihe kepnt ﬂ‘gg?h@ge of one
or nore |layers of material (e.g., 2, 3, 4, 5, or nore |layers) that conbine
_to provi deplidatiasiobheatesHxating” anpboiprgetinot . redtaini thg 06Ophets cringaof the
anti-reflective or mrror coating nmade of one or nore |ayers of materi al

(e. 9., 2,comtinglor ®atiffs SRR ledy Bab hret el karal NBné Corhy o i'Iikatisg™ is“hedtl ective
or mrror properties. Those skilled in the art may use the term"stack"” to

describe a_. coghi ;5@% Qaat ) | ay: ol N
addi ti on,&Pﬁ%s g‘}his@gf fle I r?%{%k‘?é gie{aﬁ%’gge%@%ﬁl]\g&etagg%ﬁmg %g?g"d%%ﬁgﬁ?%etp er to
mul ti BI e cioati ?gs, such as coatings 56 .and 58.

1 play a role’in 'the imparting of coatings on the lens.

“Heat curing” a coating is defined as curing, though not necessarily completely
curing, the coating using any suitable means of applying heat to the coating. The heat
may be generated, for example, by an infra red heater, heating coils, or any other thermal
heater, and applied, for example, through the use of forced air or sifnply proximity (e.g.,

15  the heat reaches the coating by virtue of the source of the heat being close to the coating).
“Heat curing” can include pre-curing, as that term is used by those of skill in the art; post-

curing, as that term is used by those of skill in the art; or both pre- and post-curing.

A “heat-curable” coating is defined as a coating that is curable through the
application of heat rather than ultra-violet light/radiation. Thus, ultra violet-curable

20  coatings are not heat-curable coatings within the meaning of this document.

An example of a lens to which a heat-curable coating may be applied and cured in
the manner of method 100 is shown in FIG. 2. Lens 50 includes first side 52 and second

side 54. In the embodiment shown in FIG. 2, first side 52 is convex and second side 54 is



10 Coating 56 The primer used for coating 56 may be an inpact-resistant
primer. By "inpact- resistant prinmer" we nean a prinmer coating that inproves
the inmpact resistance of the finished optical article as conpared with the
sanme opt WEB2004tx2@] e wi t hout the, inpact- resistant pPCREP2W480512g. Typi cal

i npact-resi stance prinmer coatings are (8reth)acrylic 15 based coatings and
pol yur et hane based coatings. (Meth)acrylic based inpact-resistant coatings
are, anong others, disclosed in U S. Patent No. 5,015,523., whereas

t her nopl astdncawenFict sigds 52 hikead chring dn pin| Moraspeafiellyefishside 62hang suabe

di sclosed, inter alia, in Japanese Patents 63-141001 and 63-87223, EP-

0404111 angk tbafingd) @k QaMerdon 18 ~3dbatingd156, 28, it BAT tCRAUhEIS6 Bayp YE laphier

i npact-resistant priner coating for use as coating 56 may be nade froma

| atex Co”pé’cfa;'gbé pidde U?ﬁk&&; r%oaﬁﬁ%}!é Hﬁ& B %Crfg}’d( ér?%{i hidde Pﬁ%&g&wgﬁtﬁ%&%ﬂ atex

or a pol yes ex. preferre acryll ase

i npact-resistant pri cQating c ositions,there ar . .

pol yet hyl eﬁ‘éﬁpﬁlcgﬁp%ngf ﬁ’) 4c gyPﬁpglf%g@ggﬁf %ﬁSEﬁbHeoWspw%ﬁoﬁ?&%SMf%Efam

PCT/ EP2004/ 005123 9 such as, for exanple, tetraethyl enegl ycol di acryl at e,
pol yet Byl eprogeries| Cozimg)60dnaicbs amardi-reflensivg or mitreineagtipg slad¢ adone e meiey| at e,
pol yet hyl enegl ycol (600) di (neth)acrylate, as well as urethane

(et h) acr ylagére of anckrial fetgiry s, 8 hs;roe afordlagéey thbd gombdte forpevitle aretbtefleativie pri mer
coating for use as coating 56 has a glass 5 transition tenperature (Tg) of

less than g0GidVBEertife PhekakIRg ih TRAGE ASksS RO terRl FIIRK” §OAitBe a
conpositions for use as coating 56, there i's an acrylic |atex

. commerci al i zed e rybic | at - s Ch a1 Zeneca
and 2 pol yErRRAES Fegeafnd BuElote bE R ket PiadeiERIB R Bley Wi ¥ 23570y
Baxenden. may use the term “stack” to refer to multiple coatings, such as coatings 56 and 58.

10 - Coating 56

The primer used for coating 56 may be an impact-resistant primer. By “impact-
resistant primer” we mean a primer coating that improves the impact resistance of the
finished optical article as compared with the same optical article without the impact-
resistant primer coating. Typical impact-resistance primer coatings are (meth)acrylic

15  based coatings and polyurethane based coatings.

(Meth)acrylic based impact-resistant coatings are, among others, disclosed in U.S.
Patent No. 5,015,523, whereas thermoplastic and crosslinked based polyurethane resin
coatings are disclosed, inter alia, in Japanese Patents 63-141001 and 63-87223, EP-

0404111 and U.S. Patent No. 5,316,791.

20 In particular, a suitable impact-resistant primer coating for use as coating 56 may
be made from a latex composition such as a poly(meth)acrylic latex, a polyurethane latex
or a polyester latex. Among the preferred (meth)acrylic based impact-resistant primer

coating compositions there are polyethyleneglycol(meth)acrylate based compositions



10 Generally, the thickness of coating 56 falls wthin the range of 0.1 -
m and preferably 0.5 - 2 pm For exanple, coating 56 may be around 1 m
thick. Coating 58 Preferably, the hard coatings used with the present
met hods emmoi/sa26ohydr ol yzat es of pol yal koxysi | anes, egpgpealloysithose

conprising epoxytrial koxysil anes 15 and/ or epoxydi al | coxysi | anes.

optionally and preferably conprise inorganic fillers such as Si02, TiQ2,

Sb205, A1203, and Fe203. One exanple of an abrasion resistant coating that
may be useglichek, fopakdnige,A8tracthyl@leplgtsldiderphate; polyahyRnegivaed $200) Aincedae,ai ni ng:
A: colloidal silica which has a nean particle diameter of 1 to 100 gm 20

B: a sol Ve?%lyetg%lelﬁg%g{ g%ggﬁwé, g,iop@'{eeégz}e?ggg&%az 81Aif ﬁ&g%fte, 5 e

conpound( s a "Ri- 10126

10

Those may

PCT/ EP2004/ 005123 , 1Q.(a), . 1N i ch: notes an organi c group contai ni ng
an epoxy gPblf" aneégzeﬁ?g%&lﬁ%%%%})@%rsggﬁgfgal that has 1 or 2 carbon atons; 5

R3 is a hydrocarbon group that has from1 to 4 carbon atons,

and ais 0 or

in value. The sprefigdbily, anOiinpabiereSikthitGiinie cBhteigefot Rk aSt&Hing BEeha] Lladsdal
silica is obtained by nacronolecul ar dispersion of anhydrous silica in a

di sper %i ngtrgggsg'}(og%rﬁég}hgrned@gﬂglggsggan jbeéi um may be water, an al cohol, a

cel | osol ve, carbrtol or the like,

Among the preferred impact-resistant primer coating compositions for use as

coating 56, there is an acrylic latex commercialized under the name Acrylic latex A-639

commercialized by Zeneca and a polyurethane latex commercialized under the names W-

240 and W-234 by Baxenden.

10 Generally, the thickness of coating 56 falls within the range of 0.1 — 10 pm, and

preferably 0.5 — 2 um. For example, coating 56 may be around 1 pm thick.

Coating 58

Preferably, the hard coatings used with the present methods comprise

hydrolyzates of polyalkoxysilanes, especially those comprising epoxytrialkoxysilanes

15  and/or epoxydialkoxysilanes. Those may optionally and preferably comprise inorganic

fillers such as SiOz, TiOz, szOs, A1203, and FCzO3.

One example of an abrasion resistant coating that may be used for coating 58 is

obtained by curing a composition containing;

A: colloidal silica which has a mean particle diameter of 1 to 100 pm;

20 B: a solvent;
C: a hydrolysate or a mixture of hydrolysates of silane compound(s);

of formula:

R*a

R'—8§——(0R)s,

1



or m xtures thereof. 10 The silane conpounds that are nore particularly
preferred contain an epoxy group of formula: -(C, --(OCHZCF Z OCHz C\ jH2
O or 15 -(CH2 y O where pandgarelto6andri sOto2. Exanpl es of suitable

hydr ol yzead ®éd/mims0 conpounds for use with the present PORERmd&0GSMs| ude:
-y-glyci doxypropyl tri met hoxysilane, 2f- y -glycidoxypropyltriethoxysilane,
-y -glycidoxypropyl (net hyl)di net hoxysi |l ane, - vy

- gl yci doxypropyl (et hyl ) di et hoxysi | ane,

- 0- (3, 4- epoxycycl ohexyl ) et hyl tri met hoxysi | ane, Wg)2004/101260

PCT/ EP2004/ 005123 11 or the like. Suitable abrasion-resistant coatings

t hat may Qﬁ“Mﬁﬁd for coating 58 preferably contain additives for prol onging
the storage 11Té, such as (i-di ketone and (3-ketoester chelating agents, or

m Xt ures E’#‘g{ eof . Ot her. exanpl es. i ncl ude acetyl acetone, ethyl 5
acet oacet CRAlAS AP SRRIR SrOURKANAMHIESNFRINYEOYE si| ane compounds of formul a

(a) are obtained by hydrolysis in the dispersing mediumfor the colloidal
silica. Th ingdiydpiasben redigalshathes 1 o reatbenyatomgidi ng wat er and an aci d
catal yst such as hydrochloric, sulfuric, nitric, phosphoric or .
5  R%is ahydrocarbon group that has from 1 to 4 carbon atoms, and a is 0 or 1 in value.
The structure of the silica is preferably SiO,. The colloidal silica is obtained by
. macromolecular dispersion of anhydrous silica in a dispersing medium. This dispersing
medium may be water, an alcohol, a cellosolve, a ketone, an ester, a carbito] or the like,
or mixtures thereof.
10 The silane compounds that are more particularly preferred contain an epoxy group

of formula:

—(C OCHCH, —O0CH;——CH—CH,
(CH —(OCH,CH) NI

or

15 —(Cha)g 0
wherepandqare 1 to 6 andris O to 2.
Examples of suitable hydrolyzed silane compounds for use with the present
methods include:
-y-glycidoxypropyltrimethoxysilgne,
20 - v -glycidoxypropyltriethoxysilane,
- v -glycidoxypropyl(methyl)dimethoxysilane,
-y -glycidoxypropyl(methyl)diethoxysilane,

-B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,



acetic acid. 10 Crosslinking catalysts may be introduced into these
conpositions to reduce the cure tenperature and period. Suitable such

catal ysts include Bronsted acids such as hydrochloric acid, sulfuric acid
and ni t rwo 20e03i101260.ewi s aci ds such as al um num chl or i JRCT/ER2004/B128r i de, zi nc
bor of | uori de, boron fluoride, acid hahkide conpounds, chelated acetylacetone
and acet oacet ate conpounds, carboxylic conpounds of magnesium 15 titani um
zirconiumand tin, and sodium magnhesi um copper, zinc, hydrogen and |ithium
per chl or apege litde hard coating conpositions that nmay be used for coating 58
may additionally contain additives such as ultraviol et-absorbers, silicone

or fluorinated 0 Dl i ! ifiers.
20 Sui tabl o meS AR S Ao BUAC couBLOE iy RO ERSERNE S8 MBI oo
onto priner .coatin 6 i nclude centrifugin di ppi & and rayi nq. These
same app! F%@P&ﬁaﬁ’ﬁg%ZﬂspmﬁPé‘ﬁmBe&Ess aﬁeog%ﬁpghl? aafgtﬁrﬁ%g%eemgf B’llfﬁ%eg%ati ng 56
as well. WD 2004/ 101260 PCT/ EP2004/005123 12 The curing of the

abr asi on- clslatingasgentsape mixtres dreeeohbl Qthemexamplesoinclude acetylaegonet ethdl of 80
to 150 C. for 30 mnutes to 2 h 30 mna After curing, the thickness of the

abr asison- ateb@icathtanhd tirylte. i s preferably chosen to be between | and 15 m and
nore particularly between 2 and 6 m 5 Another suitabl e abrasion-resistant

coating that ny, eflesf AT sileRAdniidunds of(fodA (BChré Bbiathell BBy S gent as
"HC 1") may be rr31a er?@omesm.sé partngﬂ)gf £1N hygf)ochl oraig a(B:,i f%ed

0 oo = A0 BRI NCARRLS, BT SER etm yiapyge grtormet b
di met hy diagci[irrllg )%tseir lag(ri] ean acid catalyst such as hydrochloric, sulfuric, nitric, phosphoric or
acetic acid.

10 Crosslinking catalysts may be introduced into these compositions to reduce the
cure temperature and period. Suitable such catalysts include Bronsted acids such as
hydrochloric acid, sulfuric acid and nitric acid, Lewis acids such as aluminum chloride,
tin chloride, zinc borofluoride, boron fluoride, acid halide compounds, chelated
acetylacetone and acetoacetate compounds, carboxylic compounds of magnesium,

15  titanium, zirconium and tin, and sodium, magnesium, copper, zinc, hydrogen and lithium
perchlorates.

The hard coating compositions that may be used for coating 58 may additionally
. contain additives such as ultraviolet-absorbers, silicone or fluorinated surfactants, dyes,
pigments and refractive index modifiers.

20 Suitable methods of applying a suitable abrasion-resistant coating 58 onto primer

coating 56 include centrifuging, dipping, and spraying. These same application methods

may be used to apply a suitable primer coating 56 as well.




(DVDES). The hydrol ysed solution may be stirred for 24 hours at room
tenperature and 10 then 718 parts of 30%colloidal silica in nmethanol, 15
parts of alum num acetyl acetonate and 44 parts of ethylcell osolve my be
added. Awormaddiomsount of surfactant nay be added. TheCcTmezno¢visezsl dry
extract (TDC) of such a conposition should be in the order of 13% of solid
material fromthe hydrol ysed DVDES. Anot her suitable hard coating
conposition is described in U S. Patent 15 No.4,211,823. Coating 60
anti-refl ecti veThe@u€ingsanplabraioptaistanelalyer is prefdiatly datiadroutat asemp¥rita@at i ng
1") of a nulti-layer anti-reflective coating that nmay be used for coating 60

and appl i egk doto Q9 € 1Ter FBmiites 202 HAO it mﬂapai gome@xqal&%semﬂé airBgod-0l | OWi ng
| ayers in the order listed at the optical thicknhesses |isted: Materi al

P2 SNGRE , AAI PTAIRA PR Sl 02 0

The opti ca% thic nes of a Iayer is the physical thickness of the Iayer
mul tiplied etSXYeec MBctive index of the layer at 550 nm Exanpl es of

other anti-reflective coatings suitable for use as coating 60 consist of 5 a
nono- &r nul ti|Agasherf suitablef abiasioreiesistant petingithat max theaysedi for iatipg 58j 3N,

Ti 02, ZrQ2, Al1203, MgF2 or Ta2(0b, or m xtures thereof. The use of such
materi al s (faﬂeﬂsd itd ipothisi Bdbemment as “HC 17) may be made from 80.5 parts of 0.IN

hydrochloric acid added dropwise to a solution containing 224 parts of (3-
glycidyloxypropyl)-trimethoxysilane (GLYMO) and 120 parts of dimethyldiethoxysilane
(DMDES). The hydrolysed solution may be stirred for 24 hours at room temperature anci
10  then 718 parts of 30% colloidal silica in methanol, 15 parts of aluminum acetylacetonate
and 44 parts of ethylcellosolve may be added. A small amount of surfactant may be
added. The theoretical dry extract (TDC) of such a composition should be in the order of
13% of solid material frorﬁ the hydrolysed DMDES.
Another suitable hard coating composition is described in U.S. Patent
15 No. 4,211,823,

Coating 60
anti-reflective

One example (referred to in this document as “AR coating 1) of a multi-layer
anti-reflective coating that may be used for coating 60 and applied to coating 58 by
20 vacuum deposition composed of the following layers in the order listed at the optical

thicknesses listed:

Material Optical thickness




to prevent the appearance of a reflection at the lens-air interface. An
anti-reflective coating 60 may be applied by vacuum deposition according to
one of the follow ng techniques: 10 1: by evaporation, optionally ion

beam asswot206k/101280 by spraying using an. ion beam 3:pOWEsAHAINEIN
sputtering. 4: by plasma-assisted vapory phase chem cal deposition. Besides
vacuum deposition, deposition of an inorganic |layer for an anti-reflective
15 version of coating 60 by a sol gel route (for exanple from

t et r aet hoxysi |l ane hydr Iysa%gi) nﬁy be done. In the fase where an
anti-reflective versioh of ting|60 incltdE8 a single layer, its optical
t hi ckness shoul d be equal to, 7J4, Whéere X 1S a wavelepgth of between 450 and
650 nm In the case where c%&bing 60 i ncl uddEn t hr ee | ayers, a conbination
may be 20 enpl oyed corespondimg to opticat thicknessgs ?J4-?J2-?J4 or
?2J4-2J4-2J)4, respectively. IrO:W0 2004/ 101460n@CT/ EP20p4/ 005123 14 is
additional ly possi bl e toenmptoy—=anequrvatent——coattmg} 60 nmade up of nore

| ayers, instead of any oneSiff, t he |l ayers 120nm ng parf of the

above-nenti oned t hree layers—m+ror—Mnror—eoatings—t hat nay be used as
coating .60 may be pmde using a high-index | ayer f.ol | owe y a.lowindex
| ayer fol | DikelPtisyl tAicknesh aregag fq>ra?3§r5.50m-i H‘ge ﬁaﬁ(@l thiginesyal @anr 59 high-
and lowindex - will increase the reflectance of the coating. Stacks that
may be usethysisalithickness afdbe layer metipliaity thé refractiviengded ®f theylayer atlesl gmed by
the'/< wave nethod, as will be understood by those of skill in the art.

e ol ok | Ayl bl bkregps R SR 5 Sl ol
| S amono- or multilayer film of dielectric material such as SiO, SiO,, SizNs, TiO,, ZrO,,
AlOs, MgF, or TaOs, or mixtures thereof. The use of such materials makes it possible
to prevent the appearance of a reflection at the lens-air interface.
An anti-reflective coating 60 may be applied by vacuum deposition according to
one of the following techniques:
10 1: by evaporation, optionally ion beam-assisted.
2: by spraying using an ion beam.
3: by cathodic sputtering.
4: by plasma-assisted vapor-phase chemical deposition.
Besides vacuum deposition, deposition of an inorganic layer for an anti-reﬂéctive
15  version of coating 60 by a sol gel route (for example from tetraethoxysilane hydrolysates)
may be done.
In the case where an anti-reflective version of coating 60 includes a single layer,
its optical thickness should be equal to /4, where A is a wavelength of between 450 and
650 nm. In the case where coating 60 includes three layers, a combination may be

20  employed corresponding to optical thicknesses A/4-A/2-A/4 or M/4-M4-M/4, respectively. It




10 thicknesses of the |ayers of the coating in relation to the refractive
i ndi ces of those layers. Mrror coatings that may be used as coating 60 nmay
be deposited on a side of lens wusing any suitable nethod known in the art,

such as waQuamogsposi tion, sputtering, evaporation cpet/Epmod/euatk3spin
coating. Mnor coatings nmay conprise orf%zor nmore | ayers of dielectric

oxi des, such as 15 SIiQ Si 02, Zr02, Ti or the Iike. A 2-layer broadband
m nor coating with a 20% reflect over the wavel ength range of 380-780 nm

may be mad avah&il'anélgﬁgéﬁibheo 8% equi\Mgthéﬁllngbroﬁxh% L SR gerd | 02 47

nm Si02 1 er e ayer mrror oétln

with a refJect of 20% e wave ran 0- 780 run may be made
W th the fBREsEITEY Sraekthe ingrd mpmﬁ@ft@%?b%v el %ﬂ%@fﬁ/ 101260

PCT/ EP2004/ 005123 15 TiA2 12 nrn SIA2 30 nm Ti2 60 nmlIt is possible to
make di el ectri dni¥9% or coatings using nultiple conbinations of the stacks

descri bed above, or using conbinations of high- and | owindex |ayers of

ot her of the d)dirdns:oaté!sgsrthd:uenhyahmwed abcoatihg 60 omyThesthadeBmidg ohightmdepr esent

coatings may be subjected to one or nore adhesion tests to determ ne

whet hers t hgy&aBlidwa byba mlmek YayflbB66ed b aihigh-nasTayet eaddts mexapre, dry
adhesi on of a coating nmay be neasured by cutting through the coating with a

fazor &  nairs — e.g., high- and low-index — will increase the reflectance of the coating. Stacks

that may be used as mirror coating versions of coating 60 may be designed by the % wave

method, as will be understood by those of skill in fhe art. Those of skill in the art will

also understand that different mirror coating colors may be obtained by varying the

10  thicknesses of the layers of the coating in relation to the refractive indices of those layers.

Mirror coatings that may be used as coating 60 may be deposited on a side of lens

using any suitable method known in the art, such as vacuum deposition, sputtering,
gvaporation coating, and spin coating,

Mirror coatings may comprise one or more layers of dielectric oxides, such as

15 SiO, Si0, ZrO,, TiO,, or the like. A 2-layer broadband mirror coating with a 20%

reflect over the wavelength range of 380-780 nm may be made with the following stack:

-Material Physical thickness
TiO, 47 nm
SiO, 17 nm

In another embodiment, a 3-layer broadband mirror coating with a reflect of 20%

over the wavelength range of 380-780 nm may be made with the following stack:

Material Physical thickness




series of 10 lines, spaced 1 mmapart, followed by a second series of 10

| ines, spaced 1 10 mm apart, at right angles to the first series, formng a
crosshatch pattern. After blowing off the crosshatch pattern with an air

st ream tWORBHOVE6ANY dust formed during scribing, clVERS)YWIRAne tape may
be applied over the crosshatch patternlspressed down firmy, and then
rapidly pulled away fromcoating in a direction perpendicular to the coating
surface. Application and renoval of fresh tape nay be repeated two
additional tines. 15 The Ie?somay tthen be ?me'tted te tinting to determne
t he percent age adhesi on, tintied area 1%Ii“gni fying adhesion failures. A
boiling test that conpnises._l rsijng a co?‘i ed lens in boiling water for 30
m nutes may al so be uséid t 05t%st adhesi on. *Noat | ng passes these adhesion
tests when the percentadge adhe3| onfis nore (ﬁ)han 20 95% WD 2004/ 101260

PCT/ EP2004/ 005123 16 |LensE& Leng 50 rnaty6 BMa pol ycarbonate |ens. By

"pol ycarbonate" | ens, we nmean a I ens nade 1rom bi sphenol - A pol ycar bonat e.
Such materi al may be obt ained froma variety of sources, including General

El ectric (e.g. 5 Tejjin Linted.
Lens 50 may al s lsogosﬁ ?16 ﬁ %@fe d‘%‘ﬁ%‘?&%‘? Br%g?aémgsg\%hg ﬂﬁ?tépl Efng he |ens
is made fromany suitable material or conbination of sujtable materlals
except pur@e sigersdeasniRsAabeve, Phusheymbigatigas of Heh- addownimdexilpers otk e
suitable material other than polycarbonate. A non-pure pol ycarbonate |ens
need not i ofthededesdespiiedebovdzonat e, but 10 can incl ude pol ycarbonate,
provided the lens also includes other suitable material, An exanple of such
(a lenssi s Essil gahdsiyneTéded | onal ' s ORVA brand | ens, whi ch cont ai ns

Each of the present coatings may be subjected to one or more adhesion tests to
determine whether the coating is properly adhered to its substrate. For example, dry
adhesion of é coating may be measured by cutting through the coating with a razor a
series of 10 lines, spaced 1 mm apart, followed by a second series of 10 lines, spaced 1

10  mm apart, at right angles to the first series, forming a crosshatch pattern. After blowing
off the crosshatch pattern with an air stream to remove any dust formed during scribing,
clear cellophane tape may be applied over the crosshatch pattemn, pressed down firmly,
and then rapidly pulled away from coating in a direction perpendicular to the coating
surface. Application and removal of fresh tape may be repeated two additional times.

15 The lens may then be submitted to tinting to determine the percentage adhesion, with
tinted areas signifying adhesion failures,

A boiling test that comprises immersing a coated lens in boiling water for 30
minutes may also be used to test adhesion.

A coating passes these adhesion tests when the percentage adhesion is more than

20 95%.



di et hyl ene glycol bis (allyl carbonate). Instead of the conbination of
coatings 56, 58 and 60, other conbinations of 15 coatings may be applied to
the convex side of a lens consistent with the present nethods. For exanple,
a hard cWZH§0Re an anti-reflective coating may be BEPEPWE/RSIB| rst side
52 wthout a prinmer coating. A hard cdéating and a m nor coating may be
applied in the sane way. Alternatively, a primer coating may be used in
conjunction with a hard coating (e.g., 56 and 58), with no anti-reflective
or mrror coatilhepsd® first side 52. As 20 another alternative, only a hard
coating (wth or without a priner coating) may be applied to first side 52.

As yet another pins&0nady Vea potatbaatelsis. - B e fpotgdatbomakd dns/'ge mdah i 1exs
wi thout a priner coating) nay be applied to first side 52. As still another

alternativ : 1 1110 | i oW - DY BB i &g) may
be appli ed{:nt’a %C ?%)sbt@g?ﬁéAsgo19%65%%4%%§§%ﬁ&%§%€%%%%f 8%?@351 %{E}JT e primer
coatings, hard (.e..q.. ras| Qn-resi st ) AROAL 1N and i - ect,i ve or
mrror coéotui“f?&sm‘blg@légi 88”!:1@@\9%”2&%" gg&tﬁ‘g\@dﬁPﬁrgﬁ(’ég"eg‘amgﬁﬁ%’ and

conbi nations, Consistent with step 20 of nethod 100, coating 62 - which is a
heat - cur abeélJméémlt"?%g - may be deposited on second side 54 of |ens 50 using
any suitable nmethod from 5 those given above. For exanple, spin coating may

be used to depokéms,50anaygpd Pe acoadpuregpobRatbonate tamsd Thisdme®Hy thdt theless 50.
Exanpl es of a heat-curable coating include the hard coatings identified

above for Hage Fonf eayi NHdati8. mABRAING caxmiRlon of satdbeAimateHaldreehipdre Coating
is a sol-gel anti-reflective coating. The anti-reflective coatings suited as

BRI R S R R e L o D
Compr | So. miYSSH IR0 PR PO B tog dons et EVBFGac A ROVTRFBNPng. ven
more peref erca?nbilnzlugg ;glyggrggnazgﬁrév? edvﬁcie er;xts a(I)s]; iglcl?lgde%uortgeg suitable material. An
example of such a lens is Essilor International’s ORMA brand lens, which contains
diethylene glycol bis (allyl carbonate).
* * *
Instead of the combination of coatings 56, 58 and 60, other combinations of
15  coatings may be applied to the convex side of a lens consistent with the present methods.
For example, a hard coating and an anti-reflective coating may be applied to first side 52
without a primer coating. A hard coating and a mirror coating may be applied in the
same way. Alternatively, a primer coating may be used in conjunction with a hard
coating (e.g., 56 and 58), with no anti-reflective or mirror coating on first sidé 52. As
20 another alternative, only a hard coating (with or without a primer coating) may be applied
to first side 52. As yet another alternative, only an anti-reflective coating (with or

without a primer coating) may be applied to first side 52. As still another altemative,

only a mirror coating (with or without a primer coating) may be applied to first side 52.



coating). By contrast, preferred hard coatings generally contain | ower
anounts of inorganic oxides (however, up to 65% by wei ght of oxide is
possi ble). They preferably 15 are based on an organic matrix in general
conpri si WY B/ W1¥Anopol ysi | oxane (obtained from hydr 8CYEPZHP0SER or gani c
al koxysi | ane), such as GLYMO. Anot her é%anple of a heat-curable hard
coating is a sol gel nmirror coating. One exanple of a sol-gel mrror
coating is: Layer Index Physical thickness 1 1.75 98 nm2 1.43 120 nm 3
1. 75 98 nnTWPROG40ELerdCTE Errenar-Besang coatmgacnadtantneflectivapt miyrornay be
applied to second side 54 of lens 50 by, for exanple, depositing them on
heat - cur abteatingsadesortbed 2bovefmdyelat usediinathése atterastivegofmbinatioss. har d coat i ng,
exanpl es of such an additional coati ng include those anti-reflective and
mrror coatings 5 described ahove f Lci,ll 8 as coat ng 60. If heat curable
coating 62 is aCuUBistege™ithngieR 2P At Belhe é%&@ﬁ%6 exARshes doheabGerbin
additional coating include those hard coatings described above for use as
coati ng 58coatngemaydmtdepopited hntsearng side Shpplene 0 using euy sultableducthehifroh | ens 50
consistent wth the present nethods.include one or nore prinmer coatings,

such ag t hoss ghueiborbo¥er é)@fnpﬂ@@ptﬁ%o@tﬁ@rhﬁbgbé@sedl@ dépaspbd dply, kaitingas been
deposited "on" another coating ("coating 1" for the purpose of this

def i ni ti ongy | Ssdleld gad 5@%1-*%&0% | B8 ol Rhod: 20ABY dgBREhAUE 0 BT N9 1

usi ng any neans eposi ti ng SUC S sSpln coatli ng, coatlng, or vacuum

Thter veni npebbey dﬁB@fM%ee O g s aeeRg of <hraEn€BBerng 1n
[ question, ?or:i(tjmg (1:s a Qoeieggl Qn(%;[ re(t:lgc\:/tlevre c%gt?égl n1ghe anti-reflective coatings suited as sol-gel
coatings generally and preferably contain a high amount of inorganic oxides, such as
10  metal oxides, embedded in a polysiloxane matrix (preferably obfained from hydrolysis of
alkoxysilanes). Generally they comprise more than 50 wt. % metal oxide, preferably
more than 60% and even more preferably more than 70% (by weight of the cured
coating). By contrast, pfeferred hard coatings generally contain lower amounts of
inorganic oxides (however, up to 65% by weight of oxide is possible). They preferably
15  are based on an organic matrix in general comprising an organopolysiloxane (obtained

from hydrolysis of an organic alkoxysilane), such as GLYMO. Another example of a

heat-curable hard coating is a sol gel mirror coating. One example of a sol-gel mirror

coating is:
Layer Index Physical thickness
1 1.75 98 nm
2 1.43 120 nm

3 1.75 98 nm




15 conpletely. FIG 3 shows a setup that maybe used to carry out step 30 of
nmet hod 100. FIG 3 shows | ens hol ding device 90, which has cavity 92 and a
| ens hol ding area defined by curved |ens holding surface 94. FIG 3 depicts
| ens hol\’.fpr?go"@@%%e 90 in a partially _sectional view¢BEPNEWSIZEn exenpl ary
curvature of curved | ens hol di ng surfaé 94 and the 20 top of cavity 92.
Lens 50 sits in the lens holding area on top of thin water film 70, which

is one formof a layer of liquid. Water 80 is continuously punped into
cavity 92 through inlet 82. Water is withdrawn fromcavity 92 through

outl et 84. Although not shown, inlet 82 and outlet 84 may be connected to a

heat exchanger A&H€éhafeoAingsinaybBappiietittd sdcbad sifOs260nd 98 3 Ofor examzple,
PCT/ EP2004/ 005123 19 recycCles the water running through cavity 92. The

wat er goes ,i.nt. cavit .14l i i . St v to the
ext ent gt h a?epf) %%gn%va%ré’r O%ef%aia%/'lc n g{’]? hégﬁ%:névdlit 3 f ?%f’%%rg‘%@c‘f g %}?Aé &d]é} lﬁéagc%gg ’ed up,

t he heat exchapger. t hrough, which it next, travels i.t is,bein .

recircul at @@H{pgeg|0§ SPE b 1%<ggfﬁqat1p%|m e t cgﬁ@ngfg}ichy? ,mﬂrﬁ‘gg“t?&%‘fgsngs

applied to the sides 5 of lens 50 are not shown. Heater 110 is positioned
above [5ensddsefittidraporie b useoas aeating GonHechpat puahle qoating $2.1s @neol-grhadi-e of a
heater that nay be used is a hot air gun (e.g., a convection heater).

Anot her exgifipdtivei dati), ienfunples of shehnireaddittonah cating ikl BvROharddatingseat er .
Using the setup shown in FIG 3, in order to heat cure the heat-curable

( . ! ( | b
coating @ega%a%w%ogg?éz %ecg%@ﬁgweoﬁh%a@ﬁ% tERmabe HEREEH stddhd VR be

posi tioned I nches romthe heat-curable hard coating and used

. to heat the, heat-¢ur.abl. r. t . eratur f 110 | sius for
18 it eoot SRRES SUERRG R o BRI Re® HTBER drlord ot DRt ace,
may be neasured using arlwignfra red pr,obf Thus, the heat curing takes no
more than S58 2hEigse EXen a0aye Lordise &y goating @/ no nore than 30 ninutes.

10 A coating that has been depositéd “on” another coating (“coating 1” for the
purpose of this definition) is defined as a coating that (a) is positioned over coating 1
using any means of depositing (such as spin coating, dip coating, or vacuum deposition),
(b) need not be in contact with coating 1 — i.e., one ore more intervening coatings may be
disposed between coating 1 and the coating in question, and (c) need not cover coating 1

15  completely.

| FIG. 3 shows a setup that may be used to carrfy out step 30 of method 100. FIG. 3
shows lens holding device 90, which has cavity 92 and a lens holding area defined by
curved lens holding surface 94. FIG. 3 depicts lens holding device 90 in a partially
sectional view to reveal an exemplary curvature of curved lens holding surface 94 and the

20 top of cavity 92. Lens 50 sits in the lens holding area on top of thin water film 70, which
| is one form of a layer of liquid. Water 80 is continuously pumped into cavity 92 through
inlet 82. Water is withdrawn from cavity 92 through outlet 84. Although not shown,

inlet 82 and outlet 84 may be connected to a heat exchanger (such as a chilling unit) that



15 As the heat curing occurs, water cooled to 14 Celsius is punped through
cavity 92 at a rate of 4 liters per mnute. By doing this, the surface
tenperature of the convex side of |ens 50 may kept bel ow about 45 Cel si us
during t W& M0@6101%0ri ng, and no cracking or crazing oPCT/EB24#PIS1Bef | ecti ve
coating on the convex side results. TH9s sane approach nay be taken to heat
cure any nunber of coatings on side 54 20 of lens 50, including

heat - curabl e hard coatings, heat-curable anti-reflective coatings,

heat - cur a¢caclas ﬁ@rweeteramnnglg theoneh canty] 92« e Theweles Epes e ghenepvith dhrough
anti-reflective or mrror coating on the convex side of lens 50. This is
t rue regaimléted29n afchilled staee; ahdtoghSEktent tHatithe svatqrekitng thoceyity thrat g ovalet
Moreover, this approach will not result in damage to any other WO

2004/ 101269 RS THeRRd 0@/ 80 ka3 exohtnge® ahrolsls which henéi@rwé%lssbsdﬁ Bf bdigns S0

(such as hard coating 58 and/or priner coating 56) because t

ti-refl d ab
st suscontrhret Pa0h B S T 1 spEH SRR, T8 SRR %ﬁé’%‘?hé’ﬁ%%@ Thg
ded b l.ed | d 90 I
Deonuse. t H IPRADare Rl Hove: CRNEAD St Roeatel Rogih i SEBRACA VR A8 | Ens 50

to upper portlon 93 of |ens holding device 90, through upper portion 93 and
to water ®onsequsndy, lpms i%r@mm@@umleyofmdwmmﬁhm@y beyseguis adpt aic gyi fo8.02. The
heat curing provided by heater 110 is convective heat curing. A nore

det ai | ed depiectioroheatdr). a Anothtatdamplecis ainHofral ralghedtev, sueh fapra DIDEAIISMREr+ yi ng out
the present nethods is shown FIGS. 4A-4C. FIG 4A shows a side view of one

. 10 enbodi neri h&ter! ens hol di ng devi ce 90, which may be water-cool ed as

descri bed above. The enbodi nent of |ens hol di ng device 90 shown i ncl udes
upper portion 93; curved lens holding surface 94, which defines |ens

hol di ng area 9&Jsingi the settp Shaevd incBIG. By ipordemtodheab ouredhe bFat-cRbleotnating may be
an integral portion of |ens holding device 90, or it may be bolted or
screwgg t Glepdsited wal the Hbnvaviehsil @ dagr S0,pheatee dl I0hmay it Peditsned86 ifdheni ngs 99

in
(15.24 cm) from the heat-curable hard coating and used to heat the heat-curable hard
coating to a temperature of 110° Celsius for 18 minutes. This temperature, which is the
temperature on the lens surface, may be measured using an infra red probe. Thus, the
heat curing takes no more than one hour and, more specifically, no more than 30 minutes.
15  As the heat curing occurs, water cooled to 14° Celsius is pumped through cavity 92 at a
rate of 4 liters per minute. By doing this, the surface temperature of the convex side of

lens 50 may kept below about 45° Celsius during the heat curing, and no cracking or

crazing of the anti-reflective coating on the convex side results.

This same approach may be taken to heat cure any number of coatings on side 54

20 of lens 50, including heat-curable hard coatings, heat-curable anti-reflective coatings,
heat-curable mirror coatings, and the like, without damaging the anti-reflective or mirror
coating oﬁ the convex side of lens 50. This is true regardless of whether lens 50 includes

polycarbonate material. Moreover, this approach will not result in damage to any other



15 side wall 96 are provided to communicate with inlet 82 and outlet 84
showmn in FIG 3. Wdth Wof the enbodi nent of |ens hol ding device 90 shown
in FIG 4A may be 3.125 inches (7.937 cn), and height H may be 1.25 inches
(3.175 cWP.20088126Ri ckness of bottom 97 may be 0.25 i REHEB20H00§ES cn). The
t hi ckness of upper portion 93 may be 02@5 inches (0.635 cm. Holes 98 may
be 3/32 inches (0.238 cn) in dianeter, and openings 99 may 20 be 0.25 inches
(0.635 cm in dianmeter. Curved | ens holding surface 94 may be given a base
curve of 6coaingsdn thecemigx 4Ge af tens 69 (el apleard eeatink S{and/pepmmer ¢oaing 36)of t he
enbodi ment of |ens hol ding device 90 shown in FIG 4A. WD 2004/ 101260

PCT/ EP2004b&aask2Be arRilrefiectivieeor neindop doatiep tis the codtmgpaesethosealehoibed asovehown i n
FIG 5. Method 200 includes step 210, which is providing a non-pure

pol ycar bonghg sh&Rstible Wedindie 8s £ RBnIP LA Be hik® ey, PRRALSLIMPRbRAEIHE wheRs

having a first coating on one of its sides, such as a convex side; step
220, which_ji 1L - i i he | ens,
such 5 as st ERORNESe o Bl GHAGRNE LRl et Rp U R Rk D) S
coating wthouyt amagi ng the first coating. Lens 50 descrjbed abo may be
oed Cane! bRt riom, T CVAB EHEPEIB. Ko GPRIEGOTEn B 08 I6HS Poltie IpBrS S bonat &
l ens . The coatings and net hods of %&/ﬂ ﬁygg t hose coatings to the first and
second si dégough upperposiory¥send toarpteridy whivhys pantinyeusly wosingiinte agd outed | ens 10
provided in step 210 and carry out step 220. The heating and cooling

descri bed abdity®2. Thyhée cuserbrovidedby yeatn 1 Gisepnsfive Keavturarg. manner of

~carrying out step 230 involves intermttent heating. This may be

~acconpl i shed using the setup.shown in FI 6.  Setup.300 includes rotating
conveyor belt Areoregdgiaded depictin of ¢ ﬁ‘@taEBSf% holding, deyicsfor pisdn cABHBE OWet ween
cool ing zones 320 and 15 340. The zones are generally defined by dashed

| i nes. Heather presend nzatieodsoisi showneldGobaved4C. FIG. 4A shows a side view of one

10  embodiment of lens holding dévice 90, which may be water-cooled as described above.
The embodiment of lens holding device 90 shown includes upper portion 93; curved lens
holding surface 94, which defines lens holding area 95; side wall 96; cavity 92; and
bottom 97. Bottom 97 may be an integral portion of lens holding device 90, or it may be
bolted or screwed to side wall 96 with fasteners placed through holes 98. Openings 99 in

15  side wall 96 are provided to communicate with inlet 82 and outlet 84 shown in FIG. 3.
Width W of the embodiment of lens holding device 90 shown in FIG. 4A may be 3.125
inches (7.937 cm), and height H may be 1.25 inches (3.175 cm). The thickness of bottom
97 may be 0.25 inches (0.635 cm). The thickness of upper portion 93 may be 0.25 inches
(0.635 cm). Holes 98 may be 3/32 inches (0.238 cm) in diameter, and openings 99 may

20 be 0.25 inches (0.635 cm) in diameter. Curved lens holding surface 94 may be given a
base curve of 6. FIGS. 4B and 4C are top and bottom views, respectively, of the

embodiment of lens holding device 90 shown in FIG. 4A.



t he conveyor belt in the heating zones. Chiller unit 360 (e.g., a heat
exchanger) is positioned in the mddle of rotating conveyor belt 310 and is
configured to rotate with |ens holding device 90 to which it is connected
by i nl et WO2084i91260t | et 84. Lens 50 is positioned ovePCEAPROHAEE il m 70
resting against curved | ens holding supface 94. 20 One way to carry out the
heat curing of step 230 is to intermttently apply heat to the heat-curable
coating on lens 50 using setup 300. Mre specifically, lens 50 may be

caused t o rot at&ndtheroamgfodireatt iofghe preesnt ZRthodnds SwOvmint BiGal 5. oMethode200t | nes
each (i.e., three passes across heating zone 330 and three passes across

heati ng zomelua&Okep SERHidhTis PRVIAAGA hOH-36R JoREABERAOMROGER3s a Rdn-pure

approximately 1.5 mnutes in each zone. Thus, the heat curing takes no nore
t han one I FG e,V . ' ) ers 110
above. heat PodcesRiie P GEE Rhi e Mcaldalil h dyB P 2ol Btk m BT
heaters may.  be s to .bl ow hot .air crqss | ens 50. ternatively, the

hoat er s gt StopRaRettidh Rrichruits §hoaf rdlF eosfHE of pinibia Uit he o Sy | ens
50 that the air need not be blown. The tine it takes for the |ens holding
devi ce t o &y avencavarwdryndatier 2361 Whigh A% heatinggthie dhegheyable wating, wtithgut
Furthernore, curved |l ens holding surface 94 may be kept at an average of
appr oxi mat édnyagmghih€akss cemsings | ens hol di ng device 90 passes through all four

of the zones (cooling zones 320 and 340 are designated as such because no

heat from 10 heaters is applied in those zones). This mgy be acconplished in
“part using a IiH‘?.ﬂséoélﬁﬁﬁ“be‘gét?(éw%&ef‘lﬁ?gaqw??te@ wigh &?Fh"pggo,\/%?\’-:’iiedrnﬁﬁni ng
~ through cavity 92 (not shown in FIG 6) of lens holding device 90. By
oper ati ng sabnpuB@oljcarbohase hems neFhechestings lsadi methode of appdying yhoseicoatingpto230 of
met hod 200, a coating such as a priner coating, a hard coating, or an
anti -refl egei fitst ad seddndndiddsaif leas0 dgeribedabsvelmapibelwed tbfirive atithe l1as t he
convex side - may not reach or exceed

10  provided in step 210 and carry out step 220. The heating and cooling described above

may be used to carry out step 230.

Another manner of carrying out step 230 involves intermittent heating. This may
be accomplished using the setup shown in FIG. 6. Setup 300 includes rotating conveyor
belt 310, which has heating zones 330 and 350 positioned between cooling zones 320 and

15 340. The zones are generally defined by dashed lines. Heaters 110 are positioned above
the conveyor belt in the heating zones. Chiller unit 360 (e.g., a heat exchanger) is
positioned in the middle of rotating conveyor belt 310 and is configured to rotate with
lens holding device 90 to which it is connected by inlet 82 and outlet 84. Lens 50 is

positioned over thin water film 70 resting against curved lens holding surface 94,

20 One way to catry out the heat curing of step 230 is to intermittently apply heat to
the heat-curable coating on lens 50 using setup 300. More specifically, lens 50 may be
caused to rotate through heating zones 330 and 350 a total of three times each (i.e., three

passes across heating zone 330 and three passes across heating zone 350), spending



50 Cel sius during the heat curing of step 230. Wile carrying out the
heating described above in connection with setup 300, the surface
tenperature of a heat-curable coating deposited on the concave side of |ens
50 may r 8&EWoH1eG0f ace tenperature of at | east 100 C@CITEP004/Dbd2ur i ng t hat
may be acconplished by carrying out step 230 as descri bed 20 above in
connection with setup 300 may include heat curing nultiple coatings (e.g., a
hard coating plus an anti-reflective coating) deposited on the concave side
of | ens 50.apRyxiweyelpf.Sexajplutendh ieanh, zonwe. Fhbd, thechdah arimgakaf nd inerer thais oms  why
cracking of anti- reflective and mrror coatings has conventionally appeared

I's likely dpg 4, bR é%b&h@il 76 MR 2840 H3AR6) MatéEr2OVRRAdnE zodds | N

material s between the | ayer s) of the anti-reflective or mrror coating and

el e R

coeffici ents Antl -reflective and mrror ers, and partl cularly those
descri bed apeselensfq oAlterartivele ﬂ‘&éleéfé%ﬁtm%'gp oed sufhicigny ¢l 8% P68 EXPOsEd 5
i norgani c oxides. Mre particularly, with t he exception of silicon oxide,
the ant§ - refficeofione 50 thatthe aitemed ndidd bpamve contain only netal oxides.
Anot her enbodi nent of the present nmethods is shown in FIG 7. Method 400

i ncludes step 4 which is_providing.a lens, such as ht hgl m c | ens
(whi ch ey bo a T BMdb T S50 IeRMing AFE BuS e gHEl BoncR e afes

having a first coating on one of its 10 sides, such as a convex side; step
420, whi ch may alsephesli.§ migptes. Havathemoralsheed s hnlglrxgrﬁurfaem%@ay be leptet ant he
( lens, such as a concave side; step 430, which is heat curing the heat-

cur abl e coavérags ofdppraxinmed406° Bhlsith as Rnebeliingdlevice 90 @asses ehrbuphtalk foer f i r st
coating is not damaged by the heat curing. Lens 50 descri bed above may be

used consi ol ) dBPLORA AB%na B8 orcl BesfiflBel Sl He BRI el rcPP! V1 MO

t hose coatings second si l'ens

10 heaters is applied in those zones). This may be accomplished in part using a liquid and,
more specifically, using chilled water running through cavity 92 (not shown in FIG. 6) of

lens holding device 90.

| By operating setup 300 in the manner described above to carry out step 230 of

method 200, a coating such as a primer coating, a hard coating, or an anti-reflective or

15  mirror coating on a side of lens 50 — such as the convex side — may not reach or exceed
50° Celsius during the heat curing of step 230. While carrying out the heating described

above in connection with setup 300, the surface temperature of a heat-curélble coating
deposited on the concave side of lens 50 may reach a surface temperature of at least 100°
Celsius. The curing that may be accomplished by carrying out step 230 as described

20  above in connection with setup 300 may include heat curing multiple coatings (e.g., a

hard coating plus an anti-reflective coating) deposited on the concave side of lens 50.

By way of explanation, we believe that one of the reasons why cracking of anti-

reflective and mirror coatings has conventionally appeared is likely due-to the difference



descri bed above may be used to arrive at the lens provided in step 410 and
carry out step 420. The heat curing and the cooling described above,

i ncluding the description acconpanying setup 300, nay be used to carry out
st eps 43002180 respectively. Al ternatively, con/BeVERAP40ERBSing may be
used, such as cooling achieved by bl owng 20 conpressed air on the lens as
descri bed below in Exanple 3. Still another enbodi nent of the present

met hods i's shown in FIG 8. Method 500 is a nethod of heat curing one or
mor e coat i ingsataielabétensn tieulaberés ofitheopititiefiéative dr emisror (Codttingharibte oehea

pol ycarbonate | ens or a non-pure polycarbonate | ens). Method 500 WO

2004/ 10126Qafftzh/ (EB2 004 Qafid3ind3tinie ebARes) B sibkRateWhaterinl] 81 fEwhichg t he
| ens during a period of tinme. Method 500 al so .includes step 520, which is

cooling t g r rt 1 on: of erinqd. l er way,
the cool | 2%“%3‘5?“%’3%89‘3&3531’%@" h%’teggkr%‘gt i *#e@“aré’ﬁ%?‘”?g‘s%?ﬁﬁﬁggﬂe?%%h@f t he
heating. An ex | e of, such heatin d cooling ar rovi.ded abov ith the
di scussi orPanSC"g’ir‘]Bl'—tﬁ € d§.scn§’f’d Eﬁ%vse %8“@&%(’:‘?‘7 %‘&P@%é@ %ﬁ%‘ Y&g’é’ac’ségr?g stently
w th met hod 500. The coating(s) that.mag be heat cured during nmethod 500

i ncl udé aniporgpnie Hxidesat Motg abitisuladpavith ghe gsewtionef Hhenre oxidpothsedntist ep t hat
may be taken consistently wth any of the present nmethods is 11 10

sur f aci ng ieflective teyefsdescribped simvie pontain optywsetal okidese of skill in the art wll
understand that it any suitable nmethod of surfacing a | ens nay be used.

Typically, any surfacing will qQccur prior to any heat rin u rfacing
may al so occur A#oher eﬁ@gfhr%et‘}f' ngwi I%reﬁ?Btn‘E}F@P‘g? 18 E’Br‘ﬂi*ﬁé- t ogli'lllﬁifgoiE r‘?@gnti on,
L it is possible to quickly heat the heat curable coating, especially an

anti - r ef | eiotludes stsprdl 0powhinh i providimgtaileng, sugh e pmbphthalmpolens ervhidnmanbe back si de
15 ( the concave side) of an optical |ens, by using conductive heating,
especi al | ypdlydattanstd lens or a non-pure polycarbonate lens), having a first coating on one of its

10  sides, such as a convex side; step 420, which is depositing a heat-curable coating on
another side of the lens, such as a concave side; step 430, which is heat curing the heat-
curable coating; and step 440, which is cooling the lens so that the first coating is not

damaged by the heat curing.

Lens 50 described above may be used consistently with method 400. The

15  coatings and methods of applying those coatings to the first and second sides of lens 50
described above may be used to arrive at the lens provided in step 410 and carry out step

420. The heat curing and the cooling described above, including the description
accompanying setup 300, may be used to carry out steps 430 and 440, respectively.
Alternatively, convectively cooling may be used, such as cooling achieved by blowing

20 compressed air on the lens as described below in Example 3.

Still another embodiment of the present methods is shown in FIG. 8. Method 500
is a method of heat curing one or more coatings on a lens, such as an ophthalmic lens

(which may be a polycarbonate lens or a non-pure polycarbonate lens). Method 500




(I'R) heating, or convection heating, in the latter case preferably by using
heated pulsed air, while cooling the opposite side, generally the front
side( the convex side) of the lens, this front face weari an existing AR
or mirroVOMIMGY H gh tenperatures of the lens surfggyEﬁﬁ\g‘”ﬁ(@l?chl eved
when i npl enenting the 20 quick heatingd4step. Typically, one can reach a
tenperature of 90C or nore, preferably 140C to 170C, nore preferably 150C
to 170C.at the surface of the back side, that tenperature being maintained
during | esincludanstsp & Guvlish isohesting thsl lons dusingiahpariod ofitime. eMethed Wheaksol ess WO
2004/ 101260 PCT/ EP2004/005123 25 than 2 m nutes, while cooling the AR or
m nor coat imipddepes S2@dvidch isheobppthsilers for aiportiog@tﬁehwlpbljod bitime.oStatgl de, of
the lens. Especially, one can use a heated air gun, the nmaxinumtenperature

reached by andth® wayl HaColihg At BRetplas afessaiRaiho ds ap reaétear ﬁ&wn /ARﬂs‘eoat i ng,
being in that case 170C. 5 The fol I owi ng exanpl es are included

denonstr at p&ci i f hods. It
shoul d be gp%rn gc ?\gltefé‘ 1f/a‘Q)t?E]'(l)ésheﬂgoﬁnl)g%ldl C]%Hﬂ%d% Egﬂ)tg?cleﬁ ap él ﬁ)%fdg%c ér?‘%qnues

di scl osed |? lt(?g foll ow ng exanpl es represent techniques discovered 10 by
the invent 8F& “function in the practice of certain nethods of the
invention, and thus constitute specific nodes for its practice. However,

those of skill a% c%@rib%ﬁ'ogﬁb% nid} bd heddt c&Ts1sw%U? i GhaBYT Spo.aPBiECi at e

t hat changes can e to the techni ques and erial's of the follow ng

Era o Bl ] B Rk T S b SERRRIR T o

. -2,00 power, was prqvided. The center

coatings described above.

Another step that may be taken consistently with any of the present methods is
10 surfacing the lens to a prescription power. Those of skill in the art will understand that
any suitable method of surfacing a lens may be used. Typically, any surfacing will occur

prior to any heat curing, but surfacing may also occur after heat curing is complete.

According to the invention, it is possible to quickly heat the heat curable coating,
especially an anti-reflecting (AR) or mirror coating, generally deposited on the back side
15  ( the concave side) of an optical lens, by using conductive heating, especially infrared
(IR) heating, or convection heating, in the latter case preferably by using heated pulsed
“air, while cooling the opposite side, generally the front side( the convex side) of the lens,

this front face wearing an existing AR or mirror coating.
High temperatures of the lens surface may be achieved when implementing the

20 quick heating step.

Typically, one can reach a temperature of 90°C or more, preferably 140°C to
170°C, more preferably 150°C to 170°C at the surface of the back side, that temperature

being maintained during less than 5 minutes, preferably less than 3 minutes and even less



t hi ckness of the lens was about 1.0 mlIlineters. AR coating 1 was applied to
the convex side of the lens. Mre specifically, a hard coating according to
HC | and AR coating 1 were applied to the convex side of the lens. A

combi natWeR0Wf10R6pr i mer coating (W 234 20 by BaxendenSCYERIPY/WH2i rst) and
HC I (applied on the prinmer coating) was applied to the concave side

t hrough spin coating, WO 2004/101260 PCTI EP2004/ 005123 26 The setup for
this exanple is shown in FIG 9. The setup shows that the | ens used,

desi gnat edthas 2|reinste§Oyhilasooting tleedAR ror amirrat corting depdsited onwhe oppoisise sidg ver si on
of lens holding device 90. The al um num bl ock was 80 mllineters (mm in

di anet er agpgherally} tHedribsidlk, oftthd lefis. t hi nnest point with a wall thickness of 6.3
nm The al umi num block 5 was refrigerated in a freezer set to -18 Cel si us.

The surface terﬁ%?é%ﬁlw onflcal NS Qh@%&i ai ﬁn,rtﬁé’ﬂﬂk?ﬁé%ﬁ%gér&tﬁrea{eaé}}é@ b%(i me of

use. Athin wate M was place etween the b the lens. The

al um num b) ock .and.|,.ens_wer osj.tioned .qn eyar. _bel.t  positioned
within a [Jrhﬁlﬁ\urg\?ﬁ@)f {heglf%tzcufa?ﬂl#)%)a %pf)egeé‘?‘lﬁ)i@ ‘tp"r%g%{ ’i)grglléllgdﬁgﬁt,? le,lll rnzg%ar ate
heaters, 10 designated 410, 420, 430, and 440 in FIG 7. Heaters 410, 420,
430, and 440 were set at 225 Celsius, 250 Celsius, 325 Celsius, and 350

Cel sius, respectively. Wile the D MA oven also contained 4 heaters

posi ti oned bel ow conveyor belt 450« oppasitexheaters 410-440, those heaters
were not used, and remai ned at 10 Cel sius throughout the testing. The speed
of conveyor belt 450 was 0.3 neters/mnute. The heaters 410-440 were 15

~ positioned apprhd filosliyg 2xamglbe arcainoluded e dempnstfatet hespatifieg norvlimitingk. The
. spacing of the heaters 410-440 relative to each other was such that the

al um num blLagkiRa%s 6flthe DpaiemimetRdds. TQUbuIRSBLEFrEcihiRd b tiRRe BF QU &P heAftl €F The
al um num bl ock and | ens "passed beneath all four active heaters, the |lens
that the techniques disclosed in the following examples represent techniques discovered
10 by the inventors to function in the practice of certain methods of the invention, and thus
éonstitute specific modes for its practice. However, those of skill in the art should, in
light of this disclosure, appreciate that changes can be made to the techniques and

materials of the following examples and still obtain a like or similar result without

departing from the scope of the invention.
15 Example 1

A finished single vision ORMA lens, -2.00 power, was provided. The center

thickness of the lens was about 1.0 millimeters. AR coating 1 was applied to the convex

side of the lens. More specifically, a hard coating according to HC 1 and AR coating 1

were applied to the convex side of the lens. A combination of a primer coating (W 234

20 by Baxenden) (applied first) and HC 1 (applied on the primer coating) was applied to the

concave side through spin coating,




was retrieved fromthe block and brought back to the starting point. A new
al um num 20 block, with the sanme properties as the first block (and chilled
in the sane manner), was chosen and the |l ens placed on it. The new bl ock and
| ens t hewionedaoréot her pass beneath the heaters 410- RORER04NE 28 are f ashi on
as the first pass. The process was repated a total } WD 2004/ 101260

PCT/ EP2004/ 005123 27 of 7 to 8 tinmes, and three of the |l ens described above

were tested in this fashion. Between one and three minutes elagsed bet ween
passes. The terperseunrfer tis exrmploisvsirwsun f&Ge9 of Thersstupeshows thatsherteas ur ed
using a thernocouple taped to the center of the convex side using

i nsul at i nqusbd; aAesigieatedsdsaleiis §@Peas plaved\on an ahagewh gkl svhicheds pheferkion (Of n
degrees Celsius) of the convex surface of the |enses appears below Tinme O

mnutes 1 lgﬂsr}%tlcﬁngdévlwg@sﬂge Aufiit 6RcId wal BG'trrﬁﬁlmeT&?gﬂhogtlh”a?an?e%er%ﬂd 35 39 48

The maxi mum convex surface tenperature detected was I sius. It was

ot o pr i Heracek b it AR RORF AhbkaPieof € kS The pign o "

determ ned that it took 4-6 10 passes beneath all four heat ers to heat cure
the hafd cHtEhigeBirdiiRe Eenrente t%rb?e (elsianchhg Bitace tempgraturgeRicheplogk t hat
. the tenperature of the concave side of each |l ens reached, on average, a

t enper at urgasobudhl P71 TR0l atithe tie dfhee.aretsn batee dillh hmplecai YetWeannttle 440. The
terrper ature of the concave side of the | enses was nmeasured indirectly during

"dry" run .ig@ ly, during a run with no heat curable coating on the
concave s?bo ﬁklgég‘éﬁéhe | ens, a thernobcouple was taped to the concave side

" of the lens using insulating heat resistant tape that covered the
t her nocoupl e sdHehgtminumablockl andtledsewert fpsitiededyn di c@meyor belt positioned

within a DIMA SMRO - 0252 infra red oven 405 that included four separate heaters,
10 desigﬁated 410, 420, 430, and 440 in FIG. 7. Heaters 410, 420, 430, and 440 were set at
225° Celsius, 250° Celsius, 325° Celsius, and 350° Celsius, respectively. While the
DIMA oven also contained 4 heaters positioned below conveyor belt 450 opposite heaters
410-440, those heaters were not used, and remained at 10° Celsius throughout the testing.
The speed of conveyor belt 450 was 0.3 meters/minute. The heaters 410-440 were
15  positioned approximately 2 inches above the top of the aluminum block. The spacing of
the heaters 410-440 relative to each other was such that the aluminum block passed

beneath all four heaters in three minutes.

After the aluminum block and lens passed beneath all four active heaters, the lens

was retrieved from the block and brought back to the starting point. A new aluminum

20  block, with the same properties as the first block (and chilled in the same manner), was
chosen and the lens placed on it. The new block and lens then made another pass beneath

the heaters 410-440 in the same fashion as the first pass. The process was repeated a total




radi ant heat fromthe heaters. The AR coating | on the convex side was not
damaged. No hard coating cracking was seen after the heat curing. Al three
of the I enses evaluated in this manner passed the WD 2004/ 101260

PCT/ EP2009/20¢#593280 28 dry adhesi on test and the 30- nmi RGT/EPHE/9051%Est

descri bed above. Cracking of the conca¥®- side hard coating was seen during
at |least one boiling test, but this was expected. Exanple 2 A finished
single vision ORMA | ens,, -2.00, gower, was, provi ded. The center .t hi ckness
of the | er LaS Saliwst andotiie of Hier feps deskpbedh 8paveg™areyigeied ip (s o oR ho
convex side of the lens. Mre specifically, a hard coating according to HC
| and AR cBriweenpere andihiree mppitasetppsas hefeeca dAsseSc si de of the lens. No coatings
were applied to the concave side of the lens - the experinment was run dry.

The setup for IS, _ex | e i.S.shawn i .G . 15e 0 . hat t he

|l ens 10 used, L@ sﬁegjﬁgliq‘g ea?g tpgncgn%, le{/la;age &f;tg%de %ygvnaga ﬁa%]n%\éfﬁlsﬁkoék, whi ch
is one version of |ens holding deyice 90., The, al,um num bl ock was 80
millimet ertger(rwmunlwaapiﬁpeﬁ@rceatﬁao g Cme ffideising iNFatg heAlISEisiant APe-wi th a
wal | thickness of 6.3 nm The al um num block was sitting on a cold water
chuck, Sdeshynverags tgmpenatire profije G dagrdessGelsins)iof thy eanyex eurficerof tighlsoses 91

i ncl uded stainless steel plate 150, which was 10 nmthick and 100 mm 15 in
di anet er. dppedrebdlbW: was attached to a hol |l ow stainless steel cooling drum
160, the walls of which were 4 mmthick. Drum 160 included cavity 162. Drum
160 was ttached to.a stainless steel ri ng 170 _the walls of which were 2

- mm thick. Bogg 170 | i(miniged Ca‘l/irrtii;(utéja. Fninateged ZHainhtess Stmihtesagher 180
L (10 mm t hfok)y—was gsed—t o —attrachdrumt66—to g t70—Cavyity—+72-ofl ring
170 was cpohiiaRerd¥etlo a dhe-quartefVi ncH 20 3 ainiless R eel |ini ef® t ube 174
Qpposite inlet tube 174 was transfer tube (sane size and

The maximum convex surface temperature detected was 48° Celsius.

It was determined that it took two passes beneath all four heaters to cure the latex

primer coating on the concave side of each lens. It was also determined that it took 4-6

10  passes beneath all four heaters to heat cure the hard coating on the concave side of each
lens. It was determined that the'temperature of the concave side of each lens reached, on

average, a temperature of 110-120° Celsius in the areas beneath heaters 430 and 440.

The temperature of the concave side of the lenses was measured indirectly during

“dry” runs. Specifically, during a run with no heat curable coating on the concave side of

15 the lens, a thermocouple was taped to the concave side of the lens using insulating heat
resistant tape that covered the thermocouple so that it would not be affected by direct

radiant heat from the heaters.

The AR coating 1 on the convex side was not damaged. No hard coating cracking

was seen after the heat curing. All three of the lenses evaluated in this manner passed the




material) 176 that connected cavity 172 to cavity 162 of drum 160. The
opposite side of drum 160 al so included a one-quarter inch stainless steel
outlet tube 178. WD 2004/ 101260 PCT/ EP2004/ 005123 29 Enl arged washer 180
had an owWOep4dioreet er of 150 mm and an i nner di anet er PET/EP2005005#23 Ri ng 170
was 170 mmwi de at its w dest point. Dpgm 160 was 120 mm wi de at the
outside of the w dest portion bordering cavity 162. D nensions of the
cavities of the drumand ring, along with other drum and ring di nensions,
are shown {ry abdhésionl@sti ahdhe 3Gmimadibdil iestdesdtibed ebole. Craskthg Yhe d6Avd-0
circulate cold water through chuck 91 in the direction of the arrows shown
in FIG 1044 I : : ! I was roughly 14
Cel si us. V\g?%gﬁgﬁﬁqhﬁﬁﬁﬁﬁ%ﬁ? ﬁf%gﬁ%ﬁﬁ%ﬁt{lﬁl&ﬁ?ygg\ﬁé’&%‘ri'eturned to the
chilling unit, where it was cooled and directed back into ring 170 in a

cl osed | oop process. 10 A thin wat efExample 70 was pl aced between bl ock 90 and
| ens 70. Chuck 91, alum num bl ock 90, and | ens 50 were positioned beneath a
hot air gun 615, _the discharge of which was position 6.j nches from
the surface of gkfgug-@qt%qg(i%msgqneﬁgg%_lenprZ.(& Povéﬁn%?r%”&%deﬁwnﬁoc from
Mast er Appliance Corp. (Racine, W). The nmaxi numtenperature of the air

t hat cdul dthirknegsiodithe les Wgs abiout hOmilimetganAReroatig h veoapRlisd én HisiconBas

Cel sius. The hot air gun operated at 1740 watts of power and provided an
air flow rgteobihe2éhsc Mo shbedficadlgr a hard wbstingHotording tgHC 6 2hd WS cagtiag dt ed so
as to keep the concave surface of the lens at about 100 Cel sius for 18

m nutes. Aiyextefag B thd fBwert §8e bﬁﬁﬂeﬁ@mse@tﬁgs wete@phddokhdébncavi®r film
70, chuck 91, Rd'the chiller to which chuck 91 was attached. The 20

~ tenperature;of .t he concav [ f .the I ens was neasured using a |
t her rmcoupf)gggéensde ec?ﬁpgré’%erzttygagée? crllryExarrpI e 1. |
The setup for this example is shown in FIG. 10. Setup 600 shows that the lens

10 used, designated as lens 50, was placed on an aluminum block, which is one version of

lens holding device 90. The aluminum block was 80 millimeters (mm) in diameter and
31 mm thick at its thinnest point with a wall thickness of 6.3 mm. The aluminum block

was sitting on a cold water chuck, designated generally by 91 and shown in cross section.

Chuck 91 included stainless steel plate 150, which was 10 mm thick and 100 mm

15  in diameter. Plate 150 was attached to a hollow stainless steel cooling dm 160, the

walls of which were 4 mm thick. Drum 160 included cavity 162. Drum 160 was

attached to a stainless steel ring 170, the walls of which were 2 mm thick. Ring 170

included cavity 172. Enlarged stainless steel washer 180 (10 mm thick) was used to

attach drum 160 to ring 170. Cavity 172 of ring 170 was connected to a one-quarter inch

20 stainless steel inlet tube 174. Opposite inlet tube 174 was transfer tube (same size and
material) 176 that connected cavity 172 to cavity 162 of drum 160. The opposite side of |

drum 160 also included a one-quarter inch stainless steel outlet tube 178,



WO 2004/ 101260 PCT/ EP2004/ 005123 30 The tenperature of the convex surface
of the | enses was neasured using a thernocouple taped to the center of the
convex side using insulating heat resistant tape. An average tenperature
profil e Worotemumwes Cel sius) of the convex surface of PCHEPI0041865$23 appear s
below Tinme O mMn 3 mMn5 mn 10 mn 189mn 18, mn Tenperature 17 34 39 42
43 43 5 On the convex side, neither the AR coating | nor the HC 1 coating
was danaged as a result of the heat curing. Exanple 3 A finished single

vi si on ORMA | enEplargedmashepoi8P hadvas optendirnietdr ofTHEY) manarsk an inhércdismestsr off t he

| ens was about 1.0 mllinmeters. AR coating 1 was applied to the convex 10

si de of theos ens.Rivp1?0 #ASTIK infialidy at i&s widest point Digh BECwaLi 200minavitatl and AR
coating 1 were applied to the convex side of the | ens. No coatings were

appl i ed tottr{gb%tswmweewfdegi?on?én sJa@eAng@? M;.e TRHRASOAEIH h¥BaifiddRdrdHey . The

setup for is exanple 1s shown I n Fl he setup shows that the |ens

d, desi I , I d s | di h . Hol di
chuck 625 i 94Tk AEn By o An) At Gihe Follibr S TG Dyinella” R

sanme gun used in Exanple 2), the discharge end of which was positioned 6

i nches § rom t he AsshiIfiRE BniPlnok Bifovas a8 fus@ tolc@BElate Qold Wilter firdugdWhudldl as
operated so as to keep the concave surface of the lens at about 100 Cel sius

for 18 m nyte S t'hgg,’- | eRs i ed air
delivered t er(gﬂcél nnégz Ce ggo“ he ]yoﬁrrg'r ZQ’sgg{gz?@Bé&g@%dng@g?’aetgpﬁggéggm 30
pounds per square inch sj), pressure. The nozzl s positioned 4 inches
from the \WRBHOA? mg%ilﬁyéf; 5/ \iga aing chiick 51 through outlet tube £ was

returned to the chilling unit, where it was cooled and directed back into ring 170 in a

closed loop process.
10 A thin water film 70 was placed between block 90 and lens 70.

Chuck 91, aluminum block 90, and lens 50 were positioned beneath a hot air gun

615, the discharge end of which was positioned 6 inches from the surface of the center of

lens 50. Hot air gun was a model VT-750C from Master Appliance Corp. (Racine, WI).

The maximum temperature of the air that could be generated by the hot air gun was

15 1000° Fahrenheit/538° Celsius. The hot air gun operated at 1740 watts of power and

provided an air flow rate of 23 cubic feet per minute.

Hot air gun 615 was operated so as to keep the concave surface of the lens at

about 100° Celsius for 18 minutes. At the same time, the lens was cooled using block 90,

water film 70, chuck 91, and the chiller to which chuck 91 was attached. The

20  temperature of the concave side of the lens was measured using a thermocouple as

described above in Example 1.




31 center of the convex side of |lens 50. A thernocouple was taped with

insul ating heat resistant tape to the center of the concave surface of the
| ens as descri bed above. A thernocouple was taped in the sanme fashion to

t he centVe® 2#/1918&9 convex side of the |ens. An aver agdGTERIMHAPILEE profile
(in degrees Celsius) of the convex sur¥lace of the 5 lenses appears bel ow
Time O mn 3 mMmn5mn 10 mn 15 mn . 18 mn Tenperature 27 29 32 32 33

On the convex sjde, neither the AR coat no[ the HC | coa%lng was
damaged as a r d86IFmBFTaRHR Ohd CEIE}F’?‘n‘g" 245 i Ao T SReeE §S@Fger i ment s
were designed to keep an anti-reflective coating on the 10 convex side of a
pol ycar boriarmot@mée tepéd focthe nentgr afdhe canvex sidpasing dnsulatins bas resistanitepeheat
curabl e coatings on the concave side of the |l ens such that no damage occured
as a resulAn awkagehempaatiurecprofireg(in depnées @elsivd) sfiteanadexpairfacabb drdtmes ens
having an anti-reflective coating simlar in 15 conposition to AR coating 1
on its conygagrshdgyand a 1.6 index hard coat referred to generally in the
art as a non-tintable polycarbonate coating on its concave side was heat
cured. The 1.6 index hard coat was approximately 3 mcrons thick, and was

mede of g TigRMPOS {|i @mMONPT B HiiAY th@mﬁo | 1@#hiAd | COSTR@NENT S18 fhifsl YIYO

n1260

hydr Ol yZ A nnnl \ 20041
T Cy LU M "[I L (AIII U IUITI'UC \.UI I UI u LVUUST QU LI ZU0

PCT/ EP20Q4VegaBmeapge |32 17 34 39 a2 43 43

5 On the convex side, neither the AR coating 1 nor the HC 1 coating was damaged

as a result of the heat curing.
Example 3

A ﬁnishéd single vision ORMA lens, plano power, was provided. The center

thickness of the lens was about 1.0 millimeters. AR coating 1 was applied to the convex

10  side of the lens. More specifically, a hard coating according to HC 1 and AR coating 1
were applied to the convex side of the lens. No coatings were apblied to the concave side

of the lens — the experiment was run dry.

The setup for this example is shown in FIG. 11. The setup shows that the lens
used, designated as lens 50, was placed in a holding chuck 625. Holding chuck 625 and
15  lens 50 were positioned beneath a hot air gun 615 (the same gun used in Example 2), the

discharge end of which was positioned 6 inches from the surface of the center of lens 50.

Hot air gun 615 was operated so as to keep the concave surface of the lens at
about 100° Celsius for 18 minutes. At the same time, the lens was cooled using
compressed air delivered through nozzle 630. The compressed air was delivered under

20 30 pounds per square inch (psi) pressure. The nozzle was positioned 4 inches from the



an alum num acetyl acetonate catal yst. The heat curing was carried out using
a CASSO SOLAR infra red heater nodel FB that was 6 inches by 6 inches
(shaped sonmewhat like a flat tile, the "IR heater” for this exanple) and

pl aced aWOROMEOLA® of 4 centineters (cn) fromthe ni dBEEEBN4/HE18oncave 5
side of the lens for 15 mnutes. The hgpter was set at 350 Cel sius. Any
differences between the conposition of AR coating 1 and the anti-reflective
coating used in this control experinent and in Experinents A B, and C
descri bed dzatepwf slicecdiwkx eidedbftlonsh®). sA thedmaoghtplé Iwas taged witlsidstkting hediese
experinments woul d have been no different had AR coating 1 been used

i nst ead. 1@s1§éﬂe{a{>m'{hepceﬁte?% BRichVeEsi#fa88 of Mt I¥H a8 dSicABEd 8hovANdA20 mMm

high, was filled to several mmfromthe top with water chilled to 4

Cel sius. T, sed in the
control extggﬁo?:regﬁlé %B?taggd gletﬁ ési}%“ gg%%({agtr)?%gﬁetr OF%%IF%E Siad%\/c\)/a\f\'?{etel I+eén pl aced
into the petrie dish containing the col d wat er, and positioned under the 15
| R heater at a Aebgtigeotmferatird pmmddﬁed&@éﬁsﬂelmis)tolﬁehecmcayaxr&bdefthfe t he
lens to the end of the IR heater. Experinment B The sane type of |ens having
the same c?ﬁgegg@ﬁag%ewe used in the control experinent was positioned on
a previously retrigerated FRRG@ D | CE gel pack from 20 TECH PAK and pl aced
under the IR heater at a distance of 4 cm as described above. WD

2004/ 1012p9;,RCT/ EP2006%@195 ng m§13 I@(Iaglrl it [The nfiane tyﬂgqm-gf | Ens havi ng
t he sane gpeatings—as—were—Hsed—A—the—cort+ol—exper+reht—was—pesi{ i oned on

~an activat Ednp@«EUJICN TANT COLDZ2Fack| (¢t gi niddg a 32 33

On the convex side, neither the AR coating 1 nor the HC 1 coating was damaged

as a result of the heat curing.
Example 4

The following experiments were designed to keep an anti-reflective coating on the
10  convex side of a polycarbonate lens sufficiently cool while heat curing one or more heat
curable coatings on the concave side of the lens such that no damage occured as a result

of the heat curing,.
Control

A surfaced polycarbonate lens having an anti-reflective coating similar in

15 composition to AR coating 1 on its convex side and a 1.6 index hard coat referred to
generally in the art as a non-tintable polycarbonate coating on its concave side was heat
cured. The 1.6 index hard coat was approximately 3 microns thick, and was made of a

composition comprising the following components:
a GLYMO hydrolyzate,

20 a titanium oxide colloid, and




solution of ammoniumnnitrate and water), and then placed under the IR heater
at a 5 distance of 4 cm as described above. The follow ng table sumrmari zes
the results of the inspection of the anti-reflective coating using high

i nt ensi t worad4iy&2s0| i ghti ng. The surface tenperatures PCIEHMg4/e5823 Cel si us)

of the concave surface tenperatures of3the tested | enses (and, nore
specifically, of the surface tenperatures of the anti-reflective coatings
of the tested | enses) were 10 neasured by the OVEGASCOPE Model OS71

| nfrared Camer an aixpianmreestyladcetnsatd eatgdys€ool i ng Medi a Anti - Refl ective Tenp
Coati ng Damage (e g., crazing) Control t=24 t15=104 N A Yes, entire surface

A t=23 t15=49 t= t 15=55 No B.t=24 t15=5 2 Yes, sI| ra2|ng
on edges where ?}?eheaﬁ gHEg WS sagred %&élﬁgﬁgé%iég&@f‘%m redhesig fnféé40 t=
t15=24 No W al so tested the scratch resistance of the 1.6 index hard

coat i ngs cEB dlaht iwas tbhiachdsyht inchest (skaped somewhas like aglat didel sy “Rnbeatar” &ypear s
that scratch resistance was not conprom sed through the heat curing.

Speci fi cal thys exefple} ancpinadaus height of¥ cantprheters (cnpofrgm dtdraiddie fiteconedme coat ed
with the 1.6 index hard coating used in the control 15 experinent and cured

under the Lif Bedaend R 1tsnﬁm§€eee ﬁeqmt@ﬂ Fhahs &t YSEACaRRY ) Ay HiFERNME
2004/ 101260 PCT/ EP2004/ 005123
between the composition of AR coating 1 and the anti-reflective coating used in this
control experiment and in Experiments A, B, and C described beldw are believed to be so

slight that the results of these experiments would have been no different had AR coating

1 been used instead.
10 Experiment A

A PYREX petrie dish, 90 mm in diameter and 20 mm high, was filled to several

mm from the top with water chilled to 4° Celsius. The same type of lens having the same
coatings as were used in the control experiment was used for this experiment. The lens

was then placed into the petrie dish containing the cold water, and positioned under the

15 IR heater at a height of 4 cm from the center of the concave side of the lens to the end of

the IR heater.
Experiment B

The same type of lens having the same coatings as were used in the control
experiment was positioned on a previously refrigerated FRIGID ICE gel pack from

20  TECH PAK and placed under the IR heater at a distance of 4 cm, as described above.



m nutes both with, and w thout, the experinent A heat sink (i.e., the petrie
dish). A reverse steel wool nethod was used to test the scratch resistance
of the cured hard coat. The control result (i.e., not experinment A heat

si nk) of womoemyense steel wool nmethod was 2.96 and POEERWp€065m3nt A result
was 2.81. 5 Fromthis data, we concludg that the use of the foregoi ng heat
sinks while heat curing (e.g., using an infra red heater) the concave
surface of a polycarbonate I ens having an anti-reflective coating on the
convex side isgkpéedmeset!y feasible to elimnate the crazing phenomenon of
the anti-reflective coating w thout conprom sing the perfornmance of the
heat cured coating. 10 Exa e 5 A sem -finished pol ycarbonate | ens having
an anti-refl ecffhe/éam@ammgfn&nmhawnglthe saetpRAings @R wase Ared: batheneprirobppl i ed
by vacuum deposition on its convex side was surfaced to a -2.00 "

prescri pt iegperineene was positichddf @r emaaivated tACE ANSTANJOGPRE packn(coftaitiRg < oating 1
and the anti-reflective coating used in this exanple are believed to be so

slight 15 gtiabn P @nmestilh Shiffte taal S U{ﬁmhethw BledaBerPBBNRN Qeléf dtef ent  had

AR coating 1 been used instead. curabl e coating was applied to the
concavg Ssi d tabI e coating and a priner coating for
subsequent 1s§a61§%oftlpgm %Q% cgﬁ)eélla‘éé(‘}ghard coating was applied to the priner
coating. The 1.6 |ndex hard coat was 1.9 mcrons thick, and was nade of a

conmposi ti on coImRé fdlioRdng faBlef sainnQintzExthe ARWANEMhS inspédtian 6t antivelitiveat e, a
titaniumoxide colloid, and an al um num acetyl acetonate catal yst. WO

20041 101260, RETIERARA) A3 1B AUENREX 78L Wit SlbpedRudli | dhgiemet

( and 20 seVera

Celsius) of the concave surface temperatures of the tested lenses (and, more specifically,
of the surface temperatures of the anti-reflective coatings of the tested lenses) were

10  measured by the OMEGASCOPE Model OS71 Infrared Camera:

Experiment Lens Temp Cooling Media Anti-Reflective
Temp Coating Damage
, (e.g., crazing)
Control =24 t!%=104 N/A Yes, entire surface
A =23 =49 =57 t"°=55 No
B =24 =53 =0 t"°=22 Yes, slight crazing

on edges where the
lens was not

( touching the gel

" pack

C =04 t'3=40 t%=0 t"=04 No

We also tested the scratch resistance of the 1.6 index hard coatings cured in the
fashion of experiments A, B, and C, and it appears that scratch resistance was not
compromised through the heat curing. Specifically, the concave surface of a plano
polycarbonate lens was coated with the 1.6 index hard coating used in the control

15  experiment and cured under the IR heater (at the same 4 cm distance used above) for 15



mmfromthe top with water chilled to 2 Cel sius. The |lens was placed in the
wat er, convex side down, and the IR heater referenced in Exanple 4 was set
at a tenperature of 350 Celsius and placed 4 cmaway fromthe center of the
concave WoQe4ap126he | ens. The 5 initial tenperature oPCHVERNHEWSIBas 24

Cel sius. The lens tenperature was neagured using the infrared canera from
Exanpl e 4. The anti-reflective coating on the convex side of the |l ens was
not damaged after 15 minutes of the heating. This heating took the form of
heat curi agmaesdhothovich, anpewrittout; ahd yxpepmentc Arheag sinkf(i.er theSpatsiendisk, At he wat er
tenperature was 31 Celsius, the 10 surface tenperature of the convex side of

the lens Y@%rs@%te@e\b%lblﬁethﬁﬁdaé BRd 3 EdseHhe scraRAREYiRinee Of He duh6d ERACsxe si de of
the lens was 41 Cel sius. The tenperature rmeasurenents of the | ens sides

after the d
qui ckly uérlﬁgg&*tﬁgrc}gﬁl? ar gﬁ’?gxﬁ% ﬁon@gagésg]? gfﬁ%tr%é}%e% eeera Fure (gcgwgé;ch si de.
Exanpl e 6 m flnIS onate | ens havmgthe anti-reflective
coat i ng ugég apﬁim%elg%a?ﬁﬂ“@‘ ‘§5 Wédf@ﬁ vacuum deposition on its convex

side-was surfaced to a -2.00 prescription power. As with Exanple 5, any

di ffergnces bemﬁﬁm; Baacweex%mdeomat%eé& of:faétfbﬂagoiﬁ% aest di8 vllfel el | ective

coati ng used in I's exarrp e are believed |ght that the results

nst ond. - AU Granr i Wé‘?%tsr?gbépﬁfo%%&@rs‘%rf{lﬁ%fega G0l lend PR “Tene s

atintable coating and a priner coating for subsequent coatings. The 1.6

i ndex har " GBHIEISIVE Soaing,ep the coenvgxide 15 trahmically) feasible Jo rabianipate g
{ coating. ---------- - ----- WO 2004/ 101260 PCTI EP2004/ 005123 36 Heat
exchanger cidg s)hmwmennncroés thes entiirofiective Feagting 2 witheyt uepremisingolthe he

performance of the heat cured coating.
10 Example 5

A semi-finished polycarbonate lens having an anti-reflective coating similar in
composition to AR coating 1 applied by vacuum deposition on its convex side was
surfaced to a —2.00 prescription power. Any differences between the composition of AR
coating 1 and the anti-reflective coating used in this example are believed to be so slight

15 that the results of this example would have been no different had AR coating 1 been used
instead. A UV-curable coating was applied to the concave side of the lens as a tintable
coating and a primer coating for subsequent coatings. A 1.6 index hard coating was
applied to the primer coating. The 1.6 index hard coat was 1.9 microns thick, and was

made of a composition comprising the following components:
20 a GLYMO hydrolyzate,
a titanium oxide colloid, and

an aluminum acetylacetonate catalyst.



o

convex side of the lens (shown as lens 50 in the figure). Heat exchanger 700
included a top plate 710 made of alum num Top plate 710 was separated from
divider plate 720 (also nade of alum num by top ring 730. Divider plate
720 was Wepei4a98d from bottom 5 plate 740 (al so nade RET/ER2004/0484 wi t h
bottomring 750. Heat exchanger 700 al3® included an inner ring 760 that
defined water cavity 770 and cool ant cavity 780. RTV joint sealing conpound
was used.to. seal the joints of heat exchanger 700. Divider plate 720,
bottom ring 750A EYREIOpetdmdpha®@mimh dehetercahdr?di mmcligh,awds filbedi to gevegd). Heat
exchanger 700 included 3 legs 795 (only 1 shown) on which it stood. Overall,

heat 10 exghof@arthd &) Wath watér¢hiled torR°hEdlgy. ahel lehs iwvueiacet rin dheawliegr . The
pl ates of the heat exchanger were held together using 8-32 screws 705.

Water cavi vg)(?Qdé_"?oiw{,iahh fel ﬁegte}é\%tfﬁﬁnce@h?gﬁaﬁﬁﬂé 4 GPIREL aig%t?%eraﬁgf)@dﬁ’at er and

50% PRESTONE anti-freeze was punp Into co t cavity 780 rough inlet

792 at the,. b . of iters per mnute. The | ant woul d.ci rcul ate through
cool ant ca%/slot ?e%gﬁ,anﬁgllafgg(g6icﬂga\ng@r%@}eercegtggpftﬁgﬁgnc?alv%%ﬁf ﬂf gwrlr%}%hafé‘(gol ant
cavity 790 through openings 797 in _divider plate 720. The coo{_ﬁgnt, woul d

t hen fPow Biital smpaxaiuse ebBIEdens Waadht Gelsivg ThelsRrfrmperatureasmgasufgdusing. cool ed,
and re-circul ated back through the heat exchanger. The |l ens was placed in

t he wat er , the infiaeed @inber flowExamplt 4 he | R heater from Exanple 5 was set to a
tenperature of 350 Cel sius and positioned relative to the 20 concave side
of the lens as jt was i.n Exanple 5. The anti-reflective coatin n,the
convex side of h?eanltlé"ﬁbe%}é@ CAEHNE ARG SORVEK Sie @@#Hﬁﬁ"@%n@f&f‘ﬁgecﬂéﬁﬁri ng.
This heating took the formof heat curing and, nore specifically,
pre-curing!l vmmﬂltqu@tlmﬂihmbmmadg%mhe Sormoapt dyeatt perineDand, flees of
heating, a 1.75 index |ayer that was part of a 2-layer sol- gel

anti - r ef | egietifiealtyoptd-agingasA fiepiis miraesp thet waterltemperatiex waadd® Gekfusnthe The
1.75 index

10 surface temperature of the convex side of the lens was 38° Celsius, and the surface

temperature of the concave side of the lens was 41° Celsius. The temperature
measurements of the lens sides after the heating were taken by taking the lens out of the

water and quickly using the infrared camera to ascertain the temperature of each side.
Example 6

15 A semi-finished polycarbonate lens having the anti-reflective coating used in
Example 5 applied by vacuum deposition on its convex side'was surfaced to a -2.00
prescription power. As with Example 5, any differences between the composition of AR
coating 1 and the anti-reflective coating used in this example are believed to be so slight
that the results of this example would have been no different had AR coating 1 been used

20  instead. A UV-curable coating was applied to the concave side of the lens as a tintable
coating and a primer coating for subsequent coatings. The 1.6 index hard coating

described in Example 5 was applied to the primer coating.



| ayer was 308 inn thick, and was nade of the follow ng: Mterial Percentage
of conposition G.YMO 5.106 O0.1N HCL 1.192 Di acetone al cohol 28.372

Et hanol 37.451 NI SSAN 26.828 CHEM CAL COVPANY HI T- 32M (col | oi dal

titani unwexaoake128b (Acac) 3 0.852 (Al um num Acet yl acet BERER3004/3051BL UORAD
0.198 FCA30 (fluorine containing surhgctant) 5 The 1.75 index |ayer was
then heated for ‘10 mnutes using the IR heater, set to 350 Cel sius and
positioned as it was above. The anti-reflective coating on the convex side

of the |ens wasyagtexeigmaetorish6wn 19 cfbsd véctisn Gh pfxd}eme‘%g Hd thhécel Rat i ng
took the formof heat cCuring and rmre specifically, pre-curing. Next, the

second of E&%@ Plldgg?{heﬁ%{s (gl?(lygfi iln%ﬁé hé’i&ﬁ)g Oqédﬁ%gchagger]mﬁjmél%ﬂ)ﬁ | ayer

10 - was deposi ont ayer I"Tayer was 92 nut

thick, andto\gaiate g ?na%]; of gfunglglln‘lnowf‘op plate 710 was separated from divider plate 720

(also made of aluminum) by top ring 730. Divider plate 720 was separated from bottom

5  plate 740 (also made of aluminum) with bottom ring 750. Heat exchanger 700 also
included an inner ring 760 that defined water cavity 770 and coolant cavity 780. RTV

joint sealing compound was used to. seal the joints of heat exchanger 700. Divider plate

720, bottom ring 750 and bottom plate 740 defined main coolant cavity 790. Heat
exchanger 700 included 3 legs 795 (only 1 shown) on which it stood. Overall, heat

10 exchanger 700 was 3 inches in height and 7 inches in diameter. The plates of the heat

exchanger were held together using 8-32 screws 705.

Water cavity 770 was filled with water. A coolant comprised of 50% water and

50% PRESTONE anti-freeze was pumped into coolant cavity 780 through inlet 792 at the

rate of 2 liters per minute. The coolant would circulate through coolant cavity 780,

15  keeping the water cool, and flow into main coolant cavity 790 through openings 797 in
divider plate 720. The coolant would then flow out of main coolant cavity 790 through

outlet 794, was re-cooled, and re-circulated back through the heat exchanger.

The lens was placed in the water, convex side down, and the IR heater from

Example 5 was set to a temperature of 350° Celsius and positioned relative to the

20 concave side of the lens as it was in Example 5. The anti-reflective coating on the
convex side of the lens was not damaged after 10 minutes of the heating. This heating

took the form of heat curing and, more specifically, pre-curing.




Mat eri al Percentage of conposition WO 2004/ 101260 PCT/ EP2004/ 005123 38
Met hyl 10.13 trinmethoxysilane (Union Carbide A- 163) Methanol 47.72 NALCO
40.46 CHEM CAL COVPANY 1034A (colloidal silica) Al (Acac)3 1.69 (A um num
Acet yl aceomied/®)260The 1.41 i ndex | ayer was then heat e®CTamP2@@005128ut es usi ng
the JR heater, set to 3500 Cel sius anc_l’ positioned as it was above. The
anti-reflective coating on the convex Zi de of the I ens was not damaged
after 10 m nutes of the heating. This heating took the 5 form of heat curing
and, nore speciji - 1 Ei i ] )ri sed of
ArE&Atb Yo nlﬁh\gte% l_ﬂé f‘é}%&% 2 ﬂﬁéaingex & tﬁ%%sﬂ;gmts%ﬁ ggﬁgﬁ’

the UV-curable coating, t rd coating, e

i -reflect,i j d he. 1. 75-ipd d the 1.41- index |
s hoat ed BIGTTETaY KE Pet MRS Jlephl® fn Rl Bidea 108 (g e i BoRlen™ ")

positioned as it was above. Prior to the |ast 15 m nutes of heating, the
t enper at ur &YeFWas A8 1 thigkeand wastaade o thefalging700 was 5.7 Cel sius, and the
initial tenperature of the lens was 22 Celsius. This and the tenperature

measur enents descri HhetowwerettakemusT
Material Percentage 019 composition
GLYMO 5.106
0.INHCL . 1.192
Diacetone alcohol , 28.372
Ethanol- 37.451
NISSAN 26.828
CHEMICAL
COMPANY HIT-
32M (colloidal
titanium oxide)
Al(Acac); 0.852
(Aluminum :
Acetylacetonate) ,
SMFLUORAD 0.198
FC430 (fluorine- ‘
containing
surfactant)
5 The 1.75 index layer was then heated for 10 minutes using the IR heater, set to

350° Celsius and positioned as it was above. The anti-reflective coating on the convex
side of the lens was not damaged after 10 minutes of the heating. This heating took the

form of heat curing and, more specifically, pre-curing.

Next, the second of the 2-layer sol-gel anti-reflective coating — a 1.41 index layer
10 - was deposited on the 1.75 index layer. The 1.41 index layer was 92 nm thick, and was

made of the following:

Material Percentage of composition
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The 1.41 index layer was then heated for 10 minutes using the IR heater, set to
350° Celsius and positioned as it was above. The anti-reflective coating on the convex
side of the lens was not damaged after 10 minutes of the heating. This heating took the

form of heat curing and, more specifically, pre-curing.

Finally, the coating system comprised of the UV-curable coating, the 1.6-index

hard coating, and the sol-gel anti-reflective coating (made of the 1.75-index and the 1.41-

index layers) was heated for 15 minutes using the IR heater, set to 350° Celsius and
positioned as it was above. Prior to the last 15 minutes of heating, the temperature of the

10 water in heat exchanger 700 was 5.7° Celsius, and the initial temperature of the lens was

22° Celsius. This and the temperature measurements described below were taken using

the infrared camera from Example 5.

The anti-reflective coating on the convex side of the lens was not damaged after
the 15 minutes of the heating. At the 15-minute mark, the water temperature was 50°

15  Celsius, the temperature of the convex side of the lens was 48° Celsius, and the




GLYMO 5.106 0.1N HCL 1.192 Di acetone al cohol 28.372 Ethanol 37.451 WO
2004/ 101260 PCT/ EP2004/ 005123 40 NI SSAN 26.828 CHEM CAL COVPANY HI T- 32M
(colloidal titanium oxide) Al(Acac)3 0.852 (A um num Acetyl acetonate) 3M
FLUORAD WORIB/10E36930 (f| uori ne containing surfactant )’CT/?H@%‘!I!‘.’O?SX’i ndex | ayer
was then heated for 10 m nutes using tlg$ | R heater, set to 350 Cel sius and
positioned as it was above. The anti-reflective coating on the convex side
of the I ens was not damaged after 10 minutes of the heating. This heating

took the Een{p@famr%fm@%bn&% 18 0@ e ler¥0H R SHPE€.lshuisC AHY 15 RIMnSUsA HagingNext
the second of the 2-layer sol-gel anti-reflective coating - a 1.41 index

| ayer - m%glﬁg%@{)ﬁge&gg%&geﬂ?é%g eis@%ﬁk&!liﬁ%@t—cuﬂﬁ% 1.41 index | ayer was 92

rimthick

Example 7

A semi-finished ORMA lens having AR coating 1 vacuum deposited on its

5  convex side was surfaced to a —2.00 prescription power. A 1.6 index hard coating similar
in composition to HC 1 was applied to the convex side of the lens. Any differences
between the composition of HC 1 and the 1.6 index hard coating used in this example are
believed to be so slight that the results of this example would have been no different had

HC 1 been used instead.

10 The heat exchanger described in Example 6 was used to cool the convex side of
the lens. The lens was placed in the water, convex side down, and the IR heater from
Example 5 was set to a temperature of 350° Celsius and positioned relative to the
concave side of the lens as it was in Example 5. The anti-reflective coating on the
convex side of the lens was not damaged aﬁer 10 minutes of the heating. This heating

15  took the form of heat curing and, more specifically, pre-curing.

After the 10 minutes of heating, a 1.75 index layer that was part of a 2-layer sol-
gel anti-reflective coating was deposited on the 1.6 index hard coating. The 1.75 index

layer was 308 nm thick, and was made of the following:

Material Percentage of composition
GLYMO 5.106
0.INHCL 1.192
Diacetone alcohol 28.372
Ethanol 37.451




Mat eri al Percentage of conposition Methyl 10.13 trinethoxysilane (Union
Carbi de A- 163) Methanol 47.72 NALCO 40.46 CHEM CAL COVPANY 1034A
(colloidal silica) Al (Acac)3 1.69 (Al um num Acetyl acetonate) WD 2004/ 101260
PCT/ EP209@20889280 41 The 1.41 index layer was then hEVERESEY ni nut es
using the IR heater, set to 350 Celsi#® and positioned as it was above. The
anti-reflective coating on the convex side of the |lens was not damaged

after

10 minutes of _the heating is heating took the 5 form of heat

curing and, nore spgediskiasal |y, pre-curing26Begally, the coating system
conpri sed of the theHgpHECAdex hard coating and the sol-gel anti-reflective
coating (nade of thedmpan ﬁ@( and the 1.41-index |aylers) was heated for

15 m nutes using tH ?gl , Set to 350 Cel sius and positioned as it was
above. Prior to thet m nut<s of heating, the tenperature of the water
in the heat 10 exc H?H&? \X’é Chlsius_and the initilal tenperature of the

| ens was 24 Cel si us. Ach;ﬁ;b and the
were taken using thgalghmamed cangr a

terrpera@gljze nmeasur enent s descri bed bel ow

Acetylacetonate)

3M FLUORAD 0.198
FC430 (fluorine-
containing
surfactant)

The 1.75 index layer was then heated for 10 minutes using the IR heater, set to
350° Celsius and positioned as it was above. The anti-reflective coating on the convex
side of the lens was not damaged after 10 minutes of the heating. This heating took the

5  form of heat curing and, more specifically, pre-curing.

Next, the second of the 2-layer sol-gel anti-reflective coating — a 1.41 index layer
- was deposited on the 1.75 index layer. The 1.41 index layer was 92 nm thick, and was

made of the following:

Material Percentage of composition

Methyl 10.13
trimethoxysilane
(Union Carbide A-
163)

Methanol 47.72

NALCO 40.46
CHEMICAL
COMPANY 1034A
(colloidal silica)

Al(Acac); 1.69
(Aluminum
Acetylacetonate)




from Exanple 5. The anti-reflective coating on the convex side of the |ens
was not damaged after the 15 mnutes of the heating. At the 15-m nute mark,
the water tenperature was 25 15 Celsius, the tenperature of the convex si de
of the | ®i@200912%8 Ce| sius, and the tenperature of t hBCTEREMFRISI3 e of the
|l ens was 30 Celsius. This 15 m nutes o##lheating took the form of heat
curing and, nore specifically, post-curing. Exanple 8 An anti-reflecting
coating (AR) is forned on the back side of a | ens as described 20 bel ow :
WO 2004/ 101260 PCT/ EP2004/ 005123 42 Typically, a sol/gel antireflective
coating is applied on the back side of a | ens nade of

pol y[ di et hyl enegl bi | | vl carbona ] eady coate fr

(convex) si dee%%/ﬁguﬁisgﬂ I*\yaf; theg atgh f?rﬂsdglé% es(‘tsg}gc%\?g;i %’é Eh HCL. A
high refractive index H  solution (between 0.5 t ) i.s deposited by spin
5 coating ot tGrlsigsand nasiftongd ag Hevasahave. j The, arwrreﬁﬁféwpi@pa%@n COMYRX
rotation speed is around 2100 rounds per mnute. A precuring step is then

i npl ement eside obthe densivers roe damagpdweifieh10 Rimswesrof ¢heolieatipgwdhis4satingtovk thehi ch i s
pl aced close to the surface of the substrate, during 16 seconds. The

t enper.at ur @r@fofhba coiiid AL ndke ipeeifibdbkpRididng.ncreases from 25 C to 70-80C
10 at the end of the procuring step. ﬂe back side is then cool ed during 50
seconds with an _air flux at anbient tenperature. Then a |ow refractive

index (LI) sol ufinglly, (ireeqstiag spstemcomerisad)ofithe thepléiindsy heyd caping 2edshei ng on
the precured H layer. The rotation speed is 1850 rounds per m nute.
" sol-gel anti-reflective coating (made of the 1.75-index and the 1.41-index layers) was
heated for 15 minutes using the IR heater, set to 350° Celsius and positioned as it was
above. Prior to the last 15 minutes of heating, the temperature of the water in the heat
10 exchanger was 15° Celsius, and the initial temperature of the lens was 24° Celsius. This

and the temperature measurements described below were taken using the infrared camera

from Example 5.

The anti-reflective coating on the convex side of the lens was not damaged after

the 15 minutes of the heating. At the 15-minute mark, the water temperature was 25°

15 Celsius, the temperature of the convex side of the lens was 25° Celsius, and the
temperature of the concave side of the lens was 30° Celsius. This 15 minutes of heating

took the form of heat curing and, more specifically, post-curing.
Example 8

An anti-reflecting coating (AR) is formed on the back side of a lens as described

20 below :



15 A precuring step (sane heating source as above) is then inplenented
during 8 seconds, followed by a cooling step (sane as above). A cooling of
the front side of the lens can be inplenented during the precuring steps. A
final hewo2gmizxbhe stack H coating/Ll coating is t REWER204/MHasd230out. 20 One
uses a heating gun pulsing heated air ygwards the stack of the back side.
The maxi num tenperature at the surface of the back side reaches 170C.
Concomtantly, pulsed air at anbient tenperature or at |ower tenperature

t han anbi ent t eTypécatly| s &ol/gel dintiefleaivetcowiigds dpptied banhe Badkesiaé of Adehens. WO
2004/ 101260 PCT/ EP2004/ 005123 43 One obtains a final lens with two AR

stacks on pghb o8 E?@Fdi&ﬁ?leﬁ‘é%lfd’oﬂﬁé@l%%nﬁt@ﬁ alRIP Eedd Sh Ak &GH (Eshveke front

side (convex side). Preparation of 'the solUutions for the AR coati ng.

ol yo doxyprapyiEAHEeHG LRl e bRET I BB WHIRL 2nd poured in a

beaker and then stirred. Then 20.66 g. of acidj ter, (HC 0.1 N are added
drop by drop. VhdHel FEragive @r&é’ﬁgﬂrﬂ’l Pn&!ﬁt‘%?enh@g L) eli‘?bala H‘?Sltﬂ%é’yrséghl ting
hydrol yzate is still stirred during 15 mnutes. 10 Then, in another beaker,
640 g. of ThabRgoolthediagk eyde of thieders;1ix0 off the| L goatigg. Threantation epesdds ardetwld t o
160g. of nethanol, the resulting m xture being stirred at anbi ent

t enper at ur e1@ouidy pkbminute/t es. 800 g. of the resulting mxture

col | oi d/ met hanol are added to the gl ycidoxypropyltrinmethoxysilane
hydrolyzate. A precuring step is then implemented: conduction heating with IR source of
power 450 watts which is placed close to the surface of the substrate, during 16 seconds.
The temperature of the surface of the back side increases from 25 °C to 70-80°C
10  at the end of the precuring step.
The back side is then cooled during 50 seconds with an air flux at ambient
temperature,
Then a low refractive index (LI) solution (between 0.5 to 5 ml) is deposited by
spin coating on the precured HI layer. The rotation speed is 1850 rounds per minute.
15 A precuring step (same heating source as above) is then implemented during 8
seconds, followed by a cooling step (same as above). .
A cooling of the front side of the lens can be implemented during the precuring
steps.
A final heating of the stack HI coating/LI coating is then carried out.
20 One uses a heating gun pulsing heated air towards the stack of the back side.
The maximum temperature at the sufface of the back side reaches 170°C.

Concomitantly, pulsed air at ambient temperature or at lower temperature than

ambient temperature is directed towards the front side of the lens.




15 The obtained solution is stirred at anbient tenperature during 24 hours.
9.14 g. of alum num acetyl acetonate (Al drich) are weighted and added to the
above solution which is furthered stirred during one hour at anbient

t enper at WYQ2004/KHA60 t he dry extract is neasured and i s PGTERNIPOIRDY wei ght .
Then isopropanol is added in such an am3unt that the dry extract reaches
only 6% 20 by weight. After stirring during 5 hours, the solution is
filtered, with a 3 microneter filter to obtain a H solution which can be
stored in a fre@nepbiainsa finahisos withitwo AR stackeon\hothosides and pR@Oacking on the

PCT/ EP2004/ 005123 44 Preparation of a low refractive index (LI) solution :
One m xes QR stgekaditubted deaaffranoside lcohvek s2de).et r ahydr ooct yl -1 -tri et hoxysi | ane
Cl4H 9F13@3Si (Roth Sochiel) and 65.6 g. of tetraethoxysilane Si(0OCZH5) 4

(from Keyser 5P#§%ﬁyﬁofgﬁé%&ﬁﬁ&kif&{&@ﬁ}{%ﬁﬁ@ 15 m nutes, 26.3 g. of 0.1 N
hydrochl ori c acid are added. e resulting mxture is stirred during 24
hours at anbient te : . g (®f ntaiet hyl - 2- but anol (Si gma
Al drich) and 316.2 ggﬁ%r?ﬁé{gfuatlgglgﬁegreéaﬁ%l%de%égp Sgnélgg.'%g. of catal yst

Pol ycat _-SA-1/1 i r products re added , The, resulting solution is
Then otirred dubdiserofimentrriandhrnstmedSyeriyAE g Fotisg o
porosity of 0.1 mcronmeter. The resulting LI solution may be stored in a
freezer at abedi@rand thegpigngdd be understood that the present nethods are not
intended to be limted to 15 the particular fornms disclosed. Rather, they

cover all nodif Thed 2066 g ofatidicalaat(BCl aNdN) at dddeddiopesdbpl | i ng within the
.scope of the clains. For exanple, any manner of cooling a |ens holding

| device may be us@tnGRNwhSIEaRblt obiwater hiesen HBIA0HS RIS AATEge
stirred during 15 minutes.

10 Then, in another beaker, 640 g. of TiO, colloid Optolake 1120 Z 11RU-7 A8
from CCIC are added to 160g. of methanol, the resulting mixture being stirred at ambient
temperature during 15 minutes.

800 g. of the resulting mixture colloid/methanol are added to the
glycidoxypropyltrimethoxysilane hydrolyzate.

15 The obtained solution is stirred at ambient temperature during‘24 hours.

9.14 g. of aluminum acetylacetonate (Aldrich) are weighted and added to the
above solution which is furthered stirred during one hour at ambient temperature.

Then, the dry extract is measured and is around 20% by weight.

Then isopropanol is added in such an amount that the dry extract reaches only 6%

20 by weight.

After stirring during 5 hours, the solution is filtered, with a 3 micrometer filter to

obtain a HI solution which can be stored in a freezer at a temperature of -18°C.



results to the convex coatings during the heat curing as detail ed above. The
clains are not to be interpreted as including neans-plus- or step-plus- 20

function |imtations, unless such a limtation is explicitla/ recited in a
gi ven cl HO0EIMEO t he phrase(s) "neans for" or "step CEEROBARIE i vely. 45

CLAIM5 1. A nethod conprising: 5 - prodiding a lens having a first side, a
second side, and a first coating on the first side; - depositing a
heat - curabl e coating on the second side of the lens; and - heating the
heat - curabl e coating during a period of tine w thout damaging the first
coating, 10 wherein the lens is cooled during the heating of the

heat - cur abl e coat i nereparttiat of d lewsetfratipoimde(Ipfolwtand peri od of time to
prevent the first coating frombeing damaged by the heating. 2. A nethod

according to cl@hg hixdheg £i B e thdebSuotQdll 2 Wtetrbh @RIl - iRiHoRdilae Or 15
mrror coating. 3. A nethod according to claima1, erein the first coating

| nctudes. a SAPINPEH RO TR ATESEY BBeRafip ik SUOCIEMGRERRREE

accordi ng ﬁ) Ia)1im4, wherein the first coating is a hard coating and the
second toat ‘WEGXS an anti-reflective or mrror coating. 25 6. A nethod
according to claim5, wherein the hard coati n%i ncludes a prinmer |ayer and

a hard |ayer. 7Afier stisringduringcldrmdinkitgs,t26.3c8. &f fhl & hydieehdonic acieareiaddad. coating i s
a primer coating
The resulting mixture is stirred during 24 hours at ambient temperature.
Then 737.7 g. of 2-methyl-2-butanol (Sigma Aldrich) and 316.2 g. of 2-
butanone(Carlo Eba) and 0.28g. of catalyst Polycat -SA-1/10 (Air products) are added.
10 The resulting solution is then stirred during 2 hours and then filtered using a filter having

a porosity of 0.1 micrometer. The resulting LI solution may be stored in a freezer at -

18°C.

It should be understood that the present methods are not intended to be limited to

15  the particular forms disclosed. Rather, they cover all modifications, equivalents, and
alternatives falling within the scope of the claims. For example, any manner of cooling a

lens holding device may be used consistently with these methods provided no damage

results to the convex coatings during the heat curing as detailed above.

The claims are not to be interpreted as including means-plus- or step-plus-
20  function limitations, unless such a limitation is explicitly recited in a given claim using

the phrase(s) “means for” or “step for,” respectively.



and the second coating is a hard coating. 30 46 8. A nethod accordi ng any
one of clains 4 to 7, wherein the heating results in heat curing the
heat - curabl e coating such that neither the first coating nor the second
coating is damaged by the heat curing. 5 9. A nethod according to any one of
the preceding clains, wherein the heatj:ng results in heat curing the
heat - curabl e coati ng wi thout damaging the first coating. 10. A nethod
according to any one of the preceding clains, wherein the heating 10 (a)
results in heat curing the heat-curable coating w thout damaging the first
coating, and (b) takes no nore thanpgm®ur. 11. A method according to any
one of the preceding clains, whereiinm the heating (a) results in heat curing
t he heat-curabl e coating w thout damaging the first - 15 coating, and (b)
takes no nore than 30 mnutes, preferably less than 5 mnutes. 12. A nmet hod
according to any one of the preceding clains, further conprising: 20

deposi ting aasestABE cohfiftisiy;- 9el anti-reflective coating on the heat-curable
coating;, and wherein the heating conprises heat curin? t he second-si de

ant i>r ef | eprovidingaatenschavimgl atfiret sida a secemd sideo andrayfivgt cpating oartagifing t he
first coatipg. 25 13. A method according to claim 12, wherein the
heat-curaﬁﬁggcoating is a hard coating and wherein a ultra-violet (W)
curabl e pr_ld@@bsiﬁﬁ%ta mehticurablertiflg dPethearRohdidkesPihe [Ehstearrnd t he hard
coating. 14. A nethod according to any one of clains 1 to 11, wherein the
heat - cur ablheating the heat-curable coating during a period of time without damaging the

first coating,
10 wherein the lens is cooled during the heating of the heat-curable coating for at
least a portion of said period of time to prevent the first coating from being

damaged by the heating.

2. A method according to claim 1, wherein the first coating is an anti-reflective or

15 mirror coating.
3. A method according to claim 1, wherein the first coating is a hard coating.

4. A method according to claim 1, wherein the lens includes a second coating

20 applied to the first coating.

5. A method according to claim 4, wherein the first coating is a hard coating and
the second coating is an anti-reflective or mirror coating.

25 6. A method according to claim 5, wherein the hard coating includes a primer
layer and a hard layer.

7. A method according to claim 4, wherein the first coating is a primer coating
and the second coating is a hard coating.
30



30 coating is a heat-curable hard coating. 47 15. A nethod according to any
one of clains 1 to 11, wherein the heat-curable coating is a heat-curable
anti-reflective coating. 16. A nethod according to claim15, wherein the
anti-reflective coating is a sol-gel 5 anti-reflective coating that
includes at least two layers with diffgrent refractive indices. 17. A nethod
according to any one of the preceding clains, further conprising surfacing
the lens to a prescription power. 10 18. A nethod according to any one of the
precedi ng clains, wherein the heating conprises convective heating. 19.A

met hod acgor AlifAgthod é’ébbr@iﬂg My 6heidriidimst4 167, Wes i tHd Rehfidg réslits
Y applyi ng heat 1o the B |

L
conprises intermttent eat to the heat-curable coating. 20.A
met hod accorhigatcurimgcthei heatEurablercoiating seichdhat neitheystheifostecoatinganani theul ar

conveyor belt during.the ﬁeat ig?ﬁ% and the coaling. 20 21. A nethod according
to any one of®Gnd qRtipgds dgmagsdy t i®H"P8e cooling conprises

conductive cooling. 22. A nmethod according to claim 21, wherein cooling
i ncludes cooling the lens wusing a liquid. 25 23. A nethod according to claim
22, Saher ei%n Aoveihog acuordidgstocany ong of Hiee Ipeeceding ictaims, witeseincthel ehtingns

hol di devi ce.  24. t hod ' t | ai m.23, . i,n th ter.- | ed
ons. not i ngeauts 8 hag Fing 368" Beabhidua Badhid it Sefmaseatte It qui o
formng a | aygitinget ween

10.A method according to any one of the preceding claims, wherein the heating
10 (a) results in heat curing the heat-curable coating without damaging the first

coating, and (b) takes no more than one hour.

11.A method according to any one of the preceding claims, wherein the heating
(a) results in heat curing the heat-curable coating without damaging the first
15 coating, and (b) takes no more than 30 minutes, preferably less than 5

minutes.
12.A method according to any one of the preceding claims, further comprising:

20 depositing a second-side sol-gel anti-reflective coating on the heat-curable
coating; and
wherein the heating comprises heat curing the second-side anti-reflective coating
and the heat-curable coating without damaging the first coating.

25 13.A method according to claim 12, wherein the heat-curable coating is a hard
coating and wherein a ultra-violet (UV) curable primer coating is disposed
between the second side and the hard coating.

14.A method according to any one of claims 1 to 11, wherein the heat-curable

30 coating is a heat-curable hard coating.



the first side of the |lens and the curved |l ens holding surface. 48 25 A

nmet hod according to claim19 or 20, wherein the heating results in heat
curing the heat-curable coating w thout damaging the first coating and
cooling includes cooling the lens using a liquid such that the tenperature
of the first coating does not reach qf exceed 50 C during the heat curing.
5 26. A nethod according to claim25, wherein the heat curing includes
heating the heat-curable coating on the second side of the lens to a
surface tenperature of at least 100 C, preferably 150-170 T. 10 27. A net hod

accor di ng 1504 gR¥thedcaddor@ingi ady oReZ8k claltes ai o thewkepinBie KEATRIUraSIE
convective cooling. 28. A nmethod according to any one of the preceding

cl ai ns, whereaatingHe agigatiasimalele antiveflpetiveoepalingt i me is | ess than the period
of time. 15 29. A nethod according to any one of clains 1 to 27, wherein the
portion of the period of tine is the sane as the period of tine. 30.A

met hod acaerAliméthbe ARRBrdINg totlawhai STawiforeih tAE ahdi-refBetivi Boatity 4 8BEgel20
coat | ng or | ayer 1s an | rTEact-reS| st ant priner coat | ng chosen from
B

(metsh) acr yl i ntbeeflegtive £opting thatdnpldes adderstdwedararscwithidiferens tefragivehod
accordi ng tg ﬁ‘(%%m 30, wherein the prinmer coating or layer is made froma

| at ex corrposp "chosen from poly(nmeth)acrylic | atexes, polyurethane 25

| at exes and pol yester | atexes. 32. A nethod according to any one of clains 3,

5 6, 7, 13 or 14, wherein the hard coating or |ayer conprises hydrolyzates
of pol yal HéxAdnethedsaccording to any one of the preceding ‘claims, further comprising

surfacing the lens to a prescription power.
10
18.A method according to any one of the preceding claims, wherein the heating

comprises convective heating.

19.A method according to any one of claims 1 to 17, wherein the heating

15 comprises intermittently applying heat to the heat-curable coating.

20.A method according to claim 19, wherein the lens is positioned on a circular

conveyor belt during the heating and the cooling.

20 21.A method according to any one of the preceding claims, wherein the cooling

comprises conductive cooling.

22.A method according to claim 21, wherein cooling includes cooling the lens
using a liquid.
25
23.A method according to claim 22, wherein cooling includes cooling the lens
using a water-cooled lens holding device.

24. A method according to claim 23, wherein the water-cooled lens holding device
30 includes a curved lens holding surface and a liquid forming a layer between

the first side of the lens and the curved lens holding surface.



30 33. A nethod according to claim 32, wherein the hydrol yzates of

pol yal koxysi | anes are chosen from epoxytri al koxysil anes and/ or

epoxydi al koxysi |l anes. 49 34. A nmethod according to any one of clains 32 or
33, wherein the hard coating or |ayer conprises fillers such as S102, Ti Q2,
Sb205, A1203 and Fe203. 35. A nethod aggording to any one of clainms 3, 5, 6,
7, 13 or 14, wherein the anti- reflective coating is a nono-or multilayer
filmof dielectric materials. 36. A method according to claim 35, wherein
the dielectric materials are chosen fromS O S 2, Si3N, TiQ, ZrQ2,

A1203, MiBB, A TAdhodaaccdrtinguice eldimet @ r- 20, OwRéretn TRE hshtmgC AIsUItBAntieatny one
of claims 2 or 5, wherein the mrror coating conprises one or nore |ayers
of di el ect riauring theshea&urabletdeating wthadit dgmaging defisst coating @nd cdnding
dielectric Ol)ﬁt':lg &s %ro%liﬁg(%ﬁgqer];sr ?nglngsall ﬁ?qu%' souzdh Eﬂa?%hgqgm%re?aztwewof the first

coating does not reach or exceed 50 °C during the heat curing.

26.A method according to claim 25, wherein the heat curing includes heating the
heat-curable coating on the second side of the lens to a surface temperature
of at least 100 °C, preferably 150-170 °C.

10 27.A method according to any one of claims 1 to 20, wherein the cooling

comprises convective cooling.

28.A method according to any one of the preceding claims, wherein the portion of
the period of time is less than the period of time.
15
29.A method according to any one of claims 1 to 27, wherein the portion of the

period of time is the same as the period of time.

30.A method according to any one of claims 6, 7 or 13, wherein the primer
20 coating or layer is an impact-resistant primer coating chosen from

(meth)acrylic based coatings and polyurethane based coatings.

31.A method according to claim 30, wherein the primer coating or layer is made
from a latex composition chosen from poly(meth)acrylic latexes, polyurethane
25 latexes and polyester latexes.

32.A method according to any one of claims 3, 5, 6, 7, 13 or 14, wherein the hard

coating or layer comprises hydrolyzates of polyalkoxysilanes.

30 33.A method according to claim 32, wherein the hydrolyzates of polyalkoxysilanes

are chosen from epoxytrialkoxysilanes and/or epoxydialkoxysilanes.
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34.A method according to any one of claims 32 or 33, wherein the hard coating or
layer comprises fillers such as SiO;, TiO2, Sb,0s5, Al;03 and Fe,0s;.

35.A method according to any one of claims 3, 5, 6, 7, 13 or 14, wherein the anti-

- reflective coating is a mono-or multilayer film of dielectric materials.

36. A method according to claim 35, wherein the dielectric materials are chosen
from SiO, SiO,, Si3Ny, TiO,, ZrO,, Al,O3, MgF,, Ta;05 and mixtures thereof.

37.A method according to any one of claims 2 or 5, wherein the mirror coating

comprises one or more layers of dielectric oxides.

38.A method according to claim 37, wherein the dielectric oxides are chosen from
SIO, SiOz, T|02 and ZI'Oz.





