"« METHOD“FOR MOLDI NG A HYDROPHI LI C CONTACT LENS 16— ARG o THE
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‘1 NVENTI ON This invention relates to a process for nolding a
hydr ophi‘lic contact lens in a two part nold that si mul t aneously forns
both the front and rear surfaces of the lens. The lens is produced by .
pl aci ng hydrophilic |ens form ng nononer in a first nold part, formng
a contact lens shaped cavity 15 by mating the first nold part with a .
second nold part, and pol ymeri.zi ng the nononer to forma contact |ens
in the cavity. When nol ding a hydrophilic | eRrs, |lens formng
nmononmer may be m xed wth a solvent. This achi eves several advantages.
Use of s@ vent 20 ~ hel ps to produce | enses having reproduci ble size and
shape. The use of - solvent in the nononer mxtdre mnimzes the
shrinkage of the monomer m xture during polymerization, thereby
-inproving lens quality. The sol vent ) dlstrlbutes heat nore evenly

during polynerjza
are typical | y Rt A DA 2o LA YA 2 !
such as et hyl ene egcoI (F@fOJo Journal of Polyner Sci ence: Part A1,
Vol 103, . 7 falling. within a specific
V|sc05|ﬂ§ ' et al., U S.. Patent No.

4,680, 336) and bO‘fl'h!s inveahtmt wlates‘toea pricess fof notding@ hydraphilic- abatact et
al., U.S PR Wmwd p%gtgm%%)tha&ipﬂltaﬂﬂgﬁélﬁ%ﬁﬁg Both the front and rear
: surfaces of the lens. The lens is produced by placing hydrophilic lens
forming monomer in a first mold part, forming a contact lens shaped cavity
15 by mating the first mold part with a second mold part, and polymerizing the
monomer to form a contact lens in the cavity.

oIventslused i n the past

When molding a hydrophilic lens, lens forming monomer may be
" mixed with a solvent. This achieves several advantages. Use of sélvent
20  helps to produce lenses having reproducible size and shape. The use of
solvent in the monomer mixture minimizes the shrinkage of the monomer
mixture during polymerization, thereby improving lens quality. The solvent
distributes heat more evenly during polymerization.

25 ‘Polymerization solvents used in the past are typically organic
liquids having relatively high boiling points, such as ethylene glycol
(Refojo Journal of Polymer Science: Part A-1, Vol. 5, 3103-3113 (1967)),
compounds falling within a specific viscosity and R-Value range {Larsen,
et al., U.S. Patent No. 4,680,336) and boric acid esters of ethylene glycol

30 (Kindt-Larsen, et al., U.S. Patent No. 4,889,664). Other publications

. disclosing use of solvents for molding include U.S. Patent Nos. 3,632,679;
3,660,545; and 3,948,841. :

. dem

. Inthe past removal of solvent from the molded polymer has
35 been doné by liquid-liquid extraction to replace the solvent _with saline.
This can be a tedlous expensive and time-consuming process
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ti scl osing use of solvents for molding include U S. Patent Nos. 3,532, 679;

3,660, 545; and 3, 948, 841. . In the past renoval of solvent
fromthe nol ded pol ynmer has 35 been done by liquid-liquid extraction to
repl ace the solvent with saline. This2can be a tedious, expensive and
ti me-consum ng_process - 2-
SUMMARY OF THW This invention is predicated
upon the surprising discovery that a nunber of advantages are obtai ned
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Fi gur el i Uhad! bdutotdehres {nere prateRitly he highérthan dbibuit 85 20

YN Ony G ogrgosy s iduded.

The term "substantially removing the solvent” isintended to
mean removing at least about 80 weight percent of the solvent originally
present in the lens forming liquid.

by polynerizing a hydropfjlic 5, cantact.lens in t wo_palt ld with a
sol vent and substanti al | yDISHRY@ALIQN Is pregﬁﬁ?%‘gpi?%?hﬁﬁu%@ g‘ED?Q?YQJV
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DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates two mold. halves suitable for practicing the
20 invention prior to mating. )

Figure 2 illustrates the mold halves of figure 1 mated to form

a contact-lens-shaped cavity.

25 Figure 3 illustrates the mold halves of figure 2 opened and
the contact lens formed by the process.

Figure 4 illustrates the application of colorant to a contact
lens formed in accordance with this invention.
30
| ILED INVENTION
The purpose of this invention is to mold both sides (convex.
and concave) of a contact tens with a single molding step. Numerous
mold désigns capable of two-sided lens molding have been known for
35 many years, e.g., Shepherd U.S. Patent No. 4,121 896.. Hence, the
design of the molds used to practice this invention is not critical and forms
no part of this invention.



E ure 2' illustrates the mold halves of figure 1 mated to form o a

cont act - | ens- shaped cavity. 25 Figure 3 illustrates the nold
hal ves of figure 2 opened and t he con$act | ens formed by the process.
Figure 4 illustrates the application of cof6rant to a contact | ens
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The solvent added to the monomer mixture in accordance
with this invention must dissolve the lens forming monomer or monomers,
and preferably is miscible with water. Preferably the solvent has a boiling
.i point of no higher than 100°C. Solvents-having higher boiling points may

20 be used, but evaporation at less than about 100 degrees C. will require
use of vacuum or a longer evaporation time. The solvent is preferably C1.
5 straight.'branched chain or cyclic monohydric alcohol; Cs.5 straight,
branched chain or cyclic ketones; or C3.5 cyclic ethers. The solvent is
more preferably C3.s secondary or tertiary alcohol. The most preferred

25 solvent is isopropanol. Among the ketones, the preferred solvent is
acetone. Tetrahydrofuran as also an acceptable solvent.

Some water may be included in the solvent provided a clear
gel is attained after cure of the lens. Although use of pure water produces
30 a cloudy gel for most monomers, for monomer mixtures that do not
~ become cloudy, pure water would be a suitable solvent. Other suitable
solvents include cyclopentanone and dioxane.

= When choosing a solvent, one should consider the maximum

35 ' temperature the particular lens and mold materials can endure without
degrading and whether it will be convenient to perform the evaporation
under vacuum. With this information in mind, the Vapor Pressure vs.



| m x4 ure of hydr oxyet hyl net hacryl at e., .et.hoxyet hyl _net hacryl ate, and

et hacrylic acid, as disclosed by Loshaek, .et al., in U S. Patent No.
4,405,773. 15 The sol vent added to the nonomer m xture

I n accordance with this invention nust4dissolve the |lens form ng
nononer or nononers, and preferably is mscible with water. Preferably

the sol vent hafFeme@éidré Charts forovatious solvent cdiiidatesshbtfd atake it e’i&f@t S
havi-ng hi gher RQoi mgaﬁm Elt n?.x Egre%@ﬁg%?.but evaporation at |es an
about 100 degraé@s@. Ieln‘?‘i‘ﬁﬁ ! MO0 ,um or a | onger _
evaporation tine. The solvent is preferably (err] 5 straight,

branched chain or cycli C%@E@Pé%’iﬁgﬁﬁgm i v%'{ kﬁ@kgg#sg%ifo‘l%mngbranched

chain or cyclic ketones; I C et hers. nor e
* pref er abl yoC] cadvand@gesiary or tertiary al cohol. The nobst preferred 25
solvent is isopropanol. Anong the:ketones, the preferred solvent is
acetone. Tetrahydrofuran as al go an,acceglt abl e sol vent.

Some water may be incl uddd i n FiREIQVINgG Spivept slietewiding by-evaporatiogds i s

alt t aldned ?f }f ermaeti tea%iertdt\;ari pﬁ?raﬁéktramhnm?ﬁfqués.{ aemgﬂng%wmét go a
cl oudy gel for_,nost: _nmpnoper Xtr es 0 econe
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sol vents 10cl prtocess.! opent anone and di oxane. When choosing a
sol vent, one should consider thesmaxi mum 35 tenperature the particul ar

| ens and nold materials can endure w t hout degradi ng and whether it
will be convenient to pe2for mRemovehotihe soivent by evapatationanakes thé téns hi s

| nformation i Raidido AAAINFOP fulther Mbrbfdduring steps, such as, removal of the
lens from the mold half to which the lens adheres and transfer to the final
15 container. '

-8 If & colored contact lens is to be formed, printing the
dried lens produces a lens.with better cosmetic appearance.

20 4. If the solvent is a ketone, a secondary alcohol, a tertiary
alcohol, or other compound not having a reactive group, residual solvent
is not likely to react with any re_active groups in the ink. .

Figure 1 shows mold halves that may be used for practicing
25 theinvention. Of course the invention.is not limited to the mold-halves
- design shown in figure 1, but any molding apparatus for simultaneously
forming both sides of a contact lens may be used. In figure 1, first mold
half 10 has convex lens-molding surface 15. Second mold half 20 has
concave lens molding surface 25. Contact lens forming liquid 30
30 comprising hydrophilic monomer mixed with solvent in accordance with
this invention is deposited on concave surface 25.
e, Mold halves 10 and 20 are then mated as shown in figure 2
to fornﬁ%ontact-lens—shaped cavity 35 filled with contact lens forming
35 liquid. With the mold halves mated, the lens forming liquid is cured
(polymerized) to convert the liquid to a contact lens solvated with the
solvent initially present in the lens forming liquid. ‘



‘.'Terrperature charts for various sol vent candi dates shoul d make it easy to

choose solvents for further experinentation Practice
of the present invention achieves the following 5 advantages:

1. Renovi ng sol vent after nolding by ev8&poration is much easi er
than prior art extraction techniques. Renoving ethylene gl ycol , e.

g., by repeated.contact with saline is a tedious and costly 10 process.
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with sol vent iG., more preferablytmo higherd rsabnuba Mrﬁ@ﬁe%ﬁﬁf%ﬂe@n%ncave

surface 25. I P»amﬁ\ r& as.
shown in figure Feiling solvents]aorren%l %%Gr;téabcdpe éﬁ é%c% eg Wi tp
contact |ens fRrregsute.3Brefargblyth Q/W‘leeﬁﬁé]fﬁﬂ ﬁg pane o

form ng | {gui 4hpsmeld Rélives, is placed in an oven and the temperature gradually
. raised to about 85°C. For highly volatile solvents, such as isopropanol
and acetone, air drying at room temperature may suffice to remove much
of the solvent. Of course, for very volatile solvents, cure temperature
shouid be minimized to prevent the solvent's escaping from the contact-
20 lens-shaped cavity.

If the solvent has a high atmospheric boiling point, e. g. in
excess of about 100°C, then the evaporation is carried out under sufficient
vacuum to lower the solvent's boiling point to less than 1 00°C more

25 preferably to less than about 85 degrees C.

If further processing is not desired or necessary, the
substantially solvent-free lens can then be removed from the mold half,
e.g. by crimping the mold half, hydrated with saline, packaged, sterilized,
30 and shipped to the customer. Of course such hydration and packaging
steps are well known inthe art.
. 'However, if further processing of the lens is desirable or
neces&ary, it can easily be accomplished on the substantially solvent-free
35 lens. For example, color printing, polishing, or edge finishing is easily
accomplished on the dry lens. Furthermore, after immersion of the
substantially dry lens in saline, it may be easily inspected. Also this
immersion for inspection removes still more of the solvent.



(poI yrrerlzed) fo convert the liquid to a-contact |ens solvated with the
* solvent initially present in the lens formng Iiquid.
The method of cure is not critical to practice of this invention.
Cure can take place by a variety of mechari®ns depending on the
conposi tion of the Iens formmng m xture and any catalyst present therein.
5 Cure by heat, U V. light, mcrowave, etc. and conbinations thereof is

all in ~ accordance wiy S&et,gh%d dﬁ})‘tﬁaf' %i%essmg step I? color degosmoﬂg This

cure, the nold halves are taln .

contact |ens 4@amtm0m@l@aeglbgglﬂaﬁ'?wﬂ@?w pEPGASS Q’E’E"@PPFWE ens

by evapor at] on | HORE NEE 1,562 402 AR K e i Par L. forméti or ans
Tor e prof eréibl Plate mneﬁqmsﬁsfmﬁ @@%@6&5@5% %&sﬂe&ﬁaﬁwm of
b?; |S |S E?esolp \rlgphﬁ(a?rﬁrub?i’ is pressed&gainst the plate, transfening ﬂtewinknbdhec%ac(!) -
Phe ol d hal veEinaly Hie,efl ¢ preRSed sfast & uracdl 418 Bht 7 BR ool
raised to aboutraﬁemﬂglhmlomghtqﬂhedem sudaceinthe pattemndhatwas omptheanol
and acet one, rying at roomtenperature may suffice to renove much

of the solvent! p ‘course, for very volatile solvents, cure tenperature
shoul d be ¥ ninmi zed to prevent the solvent's escapi ng from t he cont act- 20

gtepnsjssﬂgf)leg gg:/: ;[ % oi nt Fgure 4 lllustrates the léétgstg l bout "1QO0[ err hen
t he e\F/)apor ati ohﬁ@g‘&&mse@%i) mpﬂmcﬁefé% P dogo ﬁa\‘/ﬁ&ﬁﬂ?hﬁ“ t he
sol vent's boil spéhdwmm position abové € lens] By prassifig padrSo againsythe |.ess
than about” 85 ??r.epeasﬁem 55 will be transferred to the lens.
15
Preferred colorant compositions are shown in Loshaek's

U.S. Patent No. 4,668,240. In accordance with a preferred embodiment

the polymer forming the lens has at least one of the functional groups,

-OH, -COOH, or -NH-R, wherein R is C1.g alkyl. The colorant comprises
20 pigment, binding polymer having the same functional groups and a

compound having at feast two groups per molecule of -NCO or epoxy.

| Major advantages of using solvents in accordance with this
invention when coloring a lens with colorant containing -NCO or epoxy
25 groups are:

1. Once the solvent is rernoved by evaporation, little, if
. any, solvent remains on the lens to react with the -NCO and epoxy groups.

30 2. Even if small amounts of residual solvent remain, if a
' preferred solvent is used, it will not readily react with the -NCO and epoxy
groups. Compare ethylene glycol having two highly reactive_primary -OH
groups | with acetone which has no reactive groups and isopropano! which
has onty one -OH group having minor reacthty because it is a secondary
35 -OH group. ' -



| f further processing is not desired or necessary, the substantial ly
sol vent-frée lens can then be renmoved fromthe mold hal f, e.g. by
crinping the nold half, hydrated with saline, packaged, sterili zed, 30 and
shi pped to the custorrer. O course such khytwation and packagi ng st eps
are well known in the art. However, if further

DFOCGS|Si nﬁ Sf thehl enSbi I print quality is imp raveaem?me lenscsuniges iis Y bel
cecom el e A 1 WA e e A R 0
dry | ens. Furpaﬁém)re after immersion of the substantially dry |ens
in saline, it may be easily inspected. Also this I mrer sion for

i nspection renoves still nore of the solvent.
- 6- 5 EXAMPLES A preferred further processing step is color

d I ti Thi f
e sedl UL pat oM@ %0 gsmg@bxéxhsﬁsta‘ramﬁtehbédﬁtadmmmﬁbpﬁﬂﬁts 0

rocess I r1s
pattern is fothegcepe of the lﬂﬁewenhﬂgﬁdsgégﬂggpéhg ﬂ%é’@"@ﬁant Next
a pad constructed, e.g., of silicon rubber is pressed agai nst t he
plate, transferring the

t ., . Fi d d
agai nst a surface of théh'lI ﬁeﬁw?ﬁ%%@ﬂmaé'&"s afg%s@@ﬁ?ﬁ@ B IS eﬁs:zforant

to. the | g surface in the pattern that was on the plate 10
Figure 4 illustrates th ting process. _Lens
40 has been placed on hg'lgw&hﬁ&fg%%pﬁggmé orant pattern 55 is

shown in position above EGENéns stimxysthybmethacsdateso ‘agai nst the | ens,
pattern 55 will be tranw eq’nbﬂlé&ﬁldﬁ@ ;
APM - mixture containing 93.02 wt% HEMA and 6.98 wt%
15 phthalocyanine green
' EDMA - ethylene glycol dimethacrylate
VAZO-64- azobisiiobutyronitrile - |
BME - Benzoin Methyl Ether Y t
IPA - isopropy! alcohol '
20 THF - tetrahydro furan
MERCAP - 2-mercapto ethano!
MEHQ - methy! ether hydrogquinone

Example 1: (isopropyl alcohol as solvent)
25

A formi:lation is selected from Table 1 and pipetted into the
concave mold half. The two mold halves are then mated. The liquid is
polymerized by any appropriate method but preferably by first pre-
polymerizing under ultraviolet lights, and then completing the lens by a
30. thermal cure at 70 degrees C for two hours.

After cure, the mold halves are opened and processed in one of -
several ways to obtain a finished contact lens. The preferred method is
evaporation of the solvent I[PA. About 30 minutes after opening the mold

35 halves and holding the lens at room temperature, apptoximately 55
percent of the IPA evaporates, leaving a lens that is substantially dry to the
touch. Thereafter the lens is heated at 85°C for 45 minutes to remove the -
" remainder of the solvent. The lens is then removed from the mold half by



L

'15', " "' Preferred col orant corrpositiens are shown in

Loshaek's U. S. Patent No. 4,668.240. In accordance with a preferred
enbodi nment - . the polyner formng the lens has at | east one of the
functional groups, -OH, -COOH, or -M8R, wherein Ris (err]alkyl.

The col orant conprises 20 pi gnent, bindi ng pol ynmer having the sane
functional growpnsiRg the mold halfp Oivsligns s thier imnersed inwomal.galingdn an

| | f - NCO
S0l vents in acARRRARAE Sk Anckinspected. Thereafier I8 Rins EHARSRAE f o0 Cﬁt h
col orant cont aipsckage\Nhtainirg drgsieBormalsglifiear e:

Once the solvent is,renoved by evaporation, little, if any, sol vent
remains on the lens to react with the -Nﬁﬁd_epoxy groups. 30 _
2. Even i% small anounts of residual s remain, if a preferred .

solvent is used, it will not readily react with the -NCO and epoxy
groups. Conpare -eth Iene gl ol haV| ng t ‘A- | ghl'y reactive, y -O—|
groups wth acet oGy '
has only one -OH group haV| ng m nor react|V|ty because it is a secondary 35
- OH group.

3. The print qI!I'lﬁM i's inproved when tﬁz'algéns surface ISZ7824

substantially ¢GOEMA €. there is no excg880ve snearing of 5.880applied |nk

“Wda =N a0 a

P{rﬁ teﬁ.trjgel t05i I rlgttEg but not | i\m' t | O.Eﬁﬂ foltowng exara)_bgé are
APM . 0.000 0.070
EDMA 0.830 - 0.830
VAZO-64 . 0.300 . 0.300
BME : _ 0.005 .o 0.005
IPA 45.000 : 45.000

Formula 1a produces a clear léng, and formula 1b produces a lens
having a very light tint to render it visible-for easier handling. :
10
Example 2: (cyclopentanone as solvent)

The formulation given in table 2 was prepared and used to fill mold
halves of the type described in example 1. The mold halves were placed
15 in an oven at 80 deg C for 1 hour. The mold halves were opened to reveal
. the lens. The solvent was removed from the lens by evaporation at 85°C
for 2 hours at atmospheric pressure. The lens was removed from the mold
half. and placed in saline.

i



t he scope of the invention, which is defined by the appended--cl ai ns.
The foll ow ng abbreviations are used in these exanples: 10

HEMA - hydroxyet hyl nethacryl ate " ECEMA - et hoxyet hyl

met hacryl at e MAA - netdgacrylic acid .

APM - m xture containing 93.02 wt% HEMA and 6. 98 wt % 15

pht hal ocyani ne green EDMVA - et hyl ene glycol

di met hacryl ate VAZO%Bl_EQbisi i obutyronitrile

BME - Benzoin Methyl Ether ' | PA - isopropyl alcohol 20
THF - tetrahydro furan MERCAP - 2-nercapto et hanol

MEHQ - nethyl ether h ' Exanple 1: (is | al cohol as

sol vent) 25 ¥ﬂéi£$ll ?g%%ﬁ%ed—hhem—%aﬁd—p#petted
into the concave nold half. The two nold hal ves are then mated. The

liquidis H élyrreri zed by any-appropriate method Qgtggref erably by
first pre- é@ ymeri zing under ultraviolet lights, and then conpleting
the | ens by aE@EM#hermal cure at 70 degrees C for two4h®dirs.

After cure, t I d hal ves are opened and processed pmg@ne of -

several ways obtain a finished contact |ens. The pr8f red nmethod is
evapor ati on oEQMA sol vent | PA. About 30 minutes after z&ni ng the nold 35

hal ves and ho\sgliztg.g4e | ens at room tenperature, approp§mtely 55
percent of 'the é’ I | eaving a lens that is ét&it-antially dry to
. t he to OSieSeaatl.0d ot gl—'\[_é [a Lo A5 ninut es

to renove the remai nder of the solvent. The | ens ié t hen renmoved from

the mold Balf by role 3: (acetone as solvent)

_ The formulation given in table 3 was prepared and used to fill mold
halves of the type described in example 1. The mold halves were placed
under ultraviolet fight until a lens formed. The mold halves were then

10 open_ed and the solvent was evaporated for 2 hours at 85°C. The lens
i was then removed from the mold half and placed in saline.

JABLES3

INGREDIENTS . WT%
HEMA 39.25
EOEMA 7 436
MAA 0.52
EDMA | 0.67
BME ' 0.20
ACETONE 55.00

15
Example 4: (acetone as solvent) | R

-

it

T
-

The formulation given in table 4 was prepared and used to fill mold
halves of the type described in example 1. The mold halves were placed
20 'in an oven at 80 deg. C. for one hour. The mold halves were then opened
and the solvent was removed from the lens by evaporation for 2 hours at



brjnping‘the nold half. The lens is then imrersed in nornmal saline in an
i'nspection cup and inspected. Thereafter the'lens is transferred to a
package containing fresh nornmal saline. 5

TABLE 1 | NGREDI ENTS 0% 1a W% | b
HENMA 47.894 47.824 ECEMA

5. 330 85°C. TheSeAdivas thexemoved from the mold half and place@ s

0. 640 APM | 0. 000 0. 070
EDVA saline. 0. 830 0.830 . VAZO 64
0. 300 - 0.300  _BME 0. 005

0. 005 | PA 4?;#%F9 45. 000
Formul a la produces a clear lens, and a |'b produces a |ens

having a Vry light tint to render it visible for easier handling. 10

Exanple 2 (cycl opentg EDIENTgent ) The Wqegul ati on given in
table 2 was o fTTTTora . . narves or tne cype.
described in exanple 1. The nold halves were placed 15 in an oven at 80
deg C for 1 hyygpalhe nol d hal ves were opened to revesg,98 the lens. The
solvent was r ﬁf fromthe |l ens by evaporation at 85 C for 2
hours at at m)gB% A pressure. The | ens was renoved fr e nold hal.f .
and pl aced i npMAAI ne. 0.52 :

EDMA - ' - 0.67

VAZO-64 0.50

ACETONE - ~__ 55.00

Example §: (THF as solvent)

10 ¢  The formulation given in table 5 was prepared and used to fill mold
halves of the type described in example 1. The mold halves were placed’
in an oven at 80 deg. C. forone hour. The mold halves were opened and
the solvent was removed by evaporation at 85°C for 2 hours. The lens
was removed from the mold half and placed in saline.

15 . _
JABLES

INGREDIENTS _ | WT%
HEMA | 38.98
EOEMA - 4.36
MAA 0.52
EDMA 0.67
VAZO-64 050

THF = - 55.00

e




" TABLE 2 | NGREDI ENTS WI% HEMA

38. 98 ECEMA 4. 33 MAA
0.52 EDVA 0. 67 VAZO- 64
0.50 CYCLOPENTANONE : -11- 55.00 5 Exanple
3: (acetone as sol vent) The fornul ation given in table 3 was
prepared and used to fill nold hal ves of the type described in exanple
1. The nol d hal re. under ultraviolet light until a |lens
formed. The mlm%ﬁg@%é%nsﬁo opened and the sol vent was evapor at ed
for 2 hours at 85[err]C. The |ens was then renoved fromthe nold hal f

and placed in saline jong was formed asdescnbed in example1 usingBhé& clear

| NGREDI ENTS WL % 1\49

39 25 - Sopwsonomer formulation given in'table 1. A printing ink wag offained which
conformed to those described in Loshaek's U.S. Patent No. 4,668,240.
The lens was then printed as described in Knapp's U.S. Patent No.

4,704,017. The lens was cured (85 deg C., 45 min) and placed in saline.
10 Example 7: (70/30, IPA/Water Solvent)

The formulation given in Table 7 was used to fill mold halves. of the
type described in example 1. The filled mold halves were exposed to U.V.
light for three hours. The mold halves were separated and the solvent
15 was removed by evaporating for 2 hours at 85°C. The lens was removed
from the mold half and placed in saline.

INGREDIENTS " T WT%
HEMA | 48
EOEMA 533
MAA ' 0.84
EDMA ' | 0.83
BME 0.20
IPA _ | ' 31.5
WATER - 13.5

20
" Example 8: {Solvent Evaporation Rates)

Lenses were produced with the formula of example 1:
Meagurements of the amount of IPA in the lens after opening the mold
25 halves and subjecting the lenses to various freatments are shown in table
8. .-



" 0.67
55.00 15

(acetone as solveqiﬁ
given in table 4 was prepared and used to~f'E1 rmld
described in exanple 1.
for one hour.
was renoved fromthe | ens by evaporation

deg. C

BME

EDVA

0. 20 ACETONE
The forrmul ation
hal ves of the type
The nol d hal ves were placed 20 in an oven at 80

and t he sol vent

0.52

Exanpl e 4:

The nol d hal ves were then opened
B2ghours at

-10- 85C. The I'ens was then rem)ved fromthe nold half and placed in
sal i ne. _ TABLE 4 5
| NGREDI ENTS ~ __ Treatment e ug IPARERE % IPA/Lens
38. 98 ECEMA 4. 33 “VEA
0.52 EDVA 0.67 VAZO- 64
0. 50 ACETStep 1: UV Cure only 12616 55. 042.05

Step 2: Step 1 + 2 hi. 11446 38.15

at 70°C

Step 3: Step2+ 1 hr. 4596 16.32

at 25°C .

UV Cure and Postcure 2 - 1738 5.79

10

15

-hr. at 70°C with mold

halves closed + 45 min. _
at 85°C '

Example 9: (Room Temperature Evaporation Rates)

Lenses were cast in tared molds by fi illing the molds with the
formulation in Table SA. :

TABLE 9A
INGREDIENTS WT%
HEMA 48
EOEMA 5.33
MAA 0.64
EDMA 0.83
BME | 0.2
IPA. ' 45

The lenses were cured with UV light. The cured lens-was.-
rewexghed and the lens weight at time zero calculated. The mold halves
were“separated and allowed to stand at room temperature and
atmospheric pressure. The mold halves and lenses were reweighed 5,
10, 20, and 30 minutes after separation.



""Exarrpl e 5 (THF as solvent) 10 The formul ation given in table 5 was

prepared and used to fill nold hal ves. of the type described in exanple
1. The nold hal ves were placed in an oven at 80 deg. C. for one hour.
The nol d hal ves were opened and the s vent was renoved by evaporation
at 85[err]C for 2 hours. The lens - was renoved fromthe nold half and
pl aced in saline. fbhe amount of solvent loss was calculated and-Bppears in Table

| NGREDI ENTS W% HENVA

38.98 EG?I&& _ 4. 36 MAA
0.52 : 0.67- VAZO- 64

0. 50 THF : JABLESB 55. 00

Exanple 6:_ (printed |ens) A lens was fornmed as described in

exanpl e 1%3|ngthe clear 5 nononer fornulation given in table 1. A

printing i nk was obt amgmms!. conf or redNTA.OEEs% OFSOLENT
Loshaek' s U. S Paten . 4,668, 240. “The lens was then printed as

described in Knapp's U S. Patent No. 4,704,017. The lens was cured (85
deg C., 45 nin) and placed On saline. 0 .
5 : 21.38
10 ' 32.49
20 ‘ . 46.44
30 - 54.53

It can be seen that the ﬁresent invention achieves the highly .
reproducible results attainable with solvent molding, yet substantially
10 eliminates the high cost of solvent extraction. ‘Moreover the invention also
provides a substantially dry lens that may be conveniently printed with
colorant and subjected to other 'processgs that are best performed on a
substantially dry lens.



10 Exanple 7: (70/30, |PA/ Vater Sol vent) - The fornul ation given
in Table 7 was use | ves of the type described in
exanple 1. The fllﬂmmrm“j“lmumere exposed to U. V. light for three
hours. The nol d hal Ves®wer e "separ 4t ed and4the solvent 15 was renoved by

evaporating for 2 hours at 85[err]C The | ens was renoved fromthe

nol d hal f andChAMMBd i n saline. TABLE
7 . | NGREDI ENTS WI% HEVA

48 ECEMVA . . . 5.3 M
"0.84 - EDMA ~ Inaprocess for molding a hydrophilic wntacbfég§ BMVE
0.20. | PAsomprising the ste?s of providing a lens forming liquid co®iprising  WATER

wer o. pr ocicedWiFRER neppar iyt IR sPivetit: Bbvicibg 4 et maid ratt hEVERED
of I PA in tha coneexlens moldingsurface and & secondimold halfchaving eccongavdie
l_ igs?s L0 VansQsindibif Sirtace ?H%pﬁ?iﬂﬂﬁ th8 1ériidtming matérial on the concave
lens molding surface; mating the mold halves to form a contact-lens-
shaped cavity filled with contact lens forming liquid; and curing the lens-
10 forming liquid to form a contact lens in the contact-lens-shaped cavity,
wherein the improvemerit comprises: -

separating the moid halves and substantially
removing the solvent from the lens by evaporation at temperature no
15  higher than about 100 degrees C. :

2. The process of claim 1 wherein the evaporation temfaerature
is no higher than about 85 degreesC. ‘

20 3. The process of claim 1 wherein the solvent is selected from
the group consisting of C1.5 straight, branched chain or cyclic monohydric
~alcohols; Cs.g straight, branched chain or cyclic ketones and Cz.5 cyclic
ethers. .

25 4. The process of claim 3 wherein said solvent is Cz.5
secondary or tertiary alcohol. '

5 The process of claim 4 wherein said solvent is isopropanol.

30_ 6. The process of any one of claims 1 to 5 followed by the step .
of applying colorant to a surface of the lens.
7 .= The process of claim 6 wherein said colorant comprises at
least orre compound having at least one functional group selected from

35 -NCO and epoxy. S

8. The process of claim 6 wherein said colorant contains a
compound having at least two -NCO groups. ‘



|

~ - TABLE 8 .~ Treat ment Ave [err]g | PA/ Lens % | PA/ Lens

Step 1: WV Cure on ' 42.05 Step 2:Step 1 +2
hr, 11446 ‘“\“H“'““I mﬂﬂ‘ .15 at 70[err]C Step 3: Step 2
+ 1 hr. 4596 'NNTC L m o s15x32 ~H-25[err]C UV Cure and
Postcure 2 1738 - 6.79 hr. at 70[err]Cwith nold
hal ves cl osed + 45 m n. .at 85[err]C 5 Exanple 9: (Room Tenperature
Evapor ati on R&.es) The pros&ss L0 L tAar | ds,,by filling
the mol ds wi t ypRe ocor for prodewsranf s 6F ghimd 1fY 5 Wrbtel'the |
TABLE 9A lon Iy ginder vacuum. WI% HEMA
48 ECEMA - 5.33 MAA

0. 64 - EDVA . 0.83 BME -

0.2 | PA. . 45 The

| enses were cured with W light. The cured | ens was rewei ghed and the
| ens weight at time zero cal culated. The nold halves 15 were separated and
allowed to stand at roomtenperature and -at nospheric pressure. The '
nol d hal ves and | enses were rewei ghed 5, 10, 20, and 30 m nutes after

separation. .

.....



~

The anpunt of solvent |oss was calcul.ated and appears in Tabl e 9B.

TABLE 9B - : TIME (M nutes) . WI LGSS, % OF SOLVENT

0 0 5

21. 38° 10 -16- 32.49

20 ' 46. 44 30

54. 53 It can be seen that the present invention achieves the

hi ghly reproducible results attalnable mnth sol vent nol di ng, yet

substantlally 10 eli m nat e ABKd H IDIS( RIREext racti on. Mreover

the invention al so, provi des a substantlally dry | ens that may be

conveniently printed with col orant and subjected to other processes
lgulccggnnaghbnses compnslng

that are best perfor medAgrogess for malding hydeonhil

: 5 the steps of providing lens forming liquid comprising hydrophilic monomer
mixed with solvent and polymerizing the liquid between two mold halves.
The improvement comprises substantially removing the soLvent by
evaporation.at temperature no higher than about 100 degrees C.
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-« 14 - CLAI M5 1. ... -..LlLp a process for nolding a
hydrophilic contact lens - coupri-si Ag it he steps of .providing a |l ens
formng liquid conprising 5 hydrophilic nononer m xed with sol vent;
providing a first nold half havingl/Zl a convex |l ens nolding surface and a

second nol d hggg(savlng a concave | ens nol di ng surface; depositing the
| ens form ng eri‘al” on the concave | ens nol di ng surface; mating the
nDId'qgLneg_L?_Lpthg_ggnLasg%lens- shaped cavity filled w th contact

l ens florming TTqujd; and curihg the lens- 10 forming liquid to forma
~contact lens in the contact-|ens-shaped cavity, wherein the -

| Npr ov @R MITPT | SES: ’r‘az . ating the nold hal ves
and subs .;i’ ’: VI ng the sol vent fromﬁf@%e , Dy .evapor ati on at
terrperatur ‘ [ Vf“ t han about 100 degrees C. 2. 10 The
process off/4d ¢ { n the evaporation tenperaturf i sy, no hi gher

t han about‘z'? ig’ 20, 3. The_process _bf claingpl wherein the
sol vent i ‘Ef b IO he group con f [

branched o€ :’é nonohydri c al

V:
br anched (v‘?l\ 3l Vo)
The ""/A{,&{/I/
tertiary al cohol. 5 , d
solvent is isoproLanoI. 30 6. The p
to 5 foll owed by -ithe step of appl yi ng
| ens. L Ihe

“m—K

ket ones and Clerr]
herein said sol vent




“ 9

- | east oﬁe, co_[fpound'havi ng at | east one.functional group selected from 35
The process of claim6 wherein said

- NCO and epoxy. 8.
col orant contains a conpound havi ng at | east two -NCO groups.
The process of any one of clains 1 to 5 wherein the

evaporation is perfornmed under vacuum
- 16-

METHOD FOR MOLDING A HYDROPHILIC CONTACT LENS

ABSTRACT

o A process for molding hydrophilic contact lenses comprising
th.e steps of providing lens forming liquid comprising hydr.bphilic monomer
mixed with solvent and polymerizing the liquid between'tWo- mold halves
The improvement comprises substantially.removing the soLvent by .
evaporation at temperature no higher than about 100 degreé:s C.
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