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present i tes to the preparation of organic pieces of optical 5

quality and e,%gﬁ&L ally to the preparation of organic |enses. Mre
specifically tlg e main aimof the present invention is an_ori inadl8 met hod

of prepari ngwg ot ochrom ¢ or non-photochrom ¢ organi EC'HP Yeal f)y

radi cal polynerisation of a m xture of radically pol ynerisable nonomers.
The aimof the present invention is also |0 ' novel organic pieces of this

type, which are pPREPARMNITIONIF GRGANIGPIECHS SROYTICAINQUALITYWANVari ant makes
use of particular nononers ;ng‘é’(ﬁl i%f?&l\m’c EEILI%#I@E” sabl e conpositions

-m xtures of radically pol ynerisableé nononers - i'ch can be used for
preparing organi c pieces of this type according to the nethod of the
invention. 15 The prisermsentiwentidnoalaies tolbe prepayetipntnd|omsanisipidsespeiropiical| ar
refer ence £ 0 Lhg, SONsEXIa0To bEGRLERRT B drfMicttn Bl G0 SpdoBRSHS e Thal
correction gﬁas esS, protective-glhasses). e presen PRAVENtiPon i s in no way
limted to sainfofihapesént amvantidnds pe beginalskéthdded prepatifiesueh tphavbdHromiasi | y

understand that the clainmed nethod . is sujtable for obtaining_an pe of
Toul od or gaAPEPHHEERENG GFEsE ReupY O PR ER et A PR O raeal

therefore, 2@o9meddabe mdaomes, but al so wi ndows, optical pieces ... Purely
t hermal net hods of radical polynerisation of m xtures of nononers (mainly
acrylic and/or net hadepim ef e pesnt BVREAY IS a¥8noners, especial ly vinylic
mononer s),,Whi ch cont ajf..pt VoYt gt -V I To I R -Yor A lﬁgg t | east
one phot ol((:)hrom' c col oranet,rg%g\ig’ beeen esg[?fbeg éﬁﬁbg %‘l e &lgu\%a?;netggeci ally
by the 25 Appdid owthod ; thisvapand pkesuge phpsritenly owhemess ; non- phot ochr oni ¢ organi ¢
| enses, mainly optical or ophthal mc l.enses. Said methods are caryied out,
inalens nould, on a" ei(tﬁ&(%al@oﬁgmp??gﬁaﬁowgﬂlf v'ém’émré’ﬁn?fecﬁ?ﬁcﬁ[lyl east
one adequat e pblpmerigableGrdnanyst- which cadibe abedfol yrofating atgdafio picdést dfaki®type Sai d
catal yst, when aj | east one phot.ochrom c col orant intervenes, is generally
sel ected froﬁ?“dfdé‘igd"@&rf‘b thedayedfighst s known as "soft" 30 which remain

"inert" tg@wards the TRYQERiAPENGOL D Qs@ited belWeR R barticubkCRfeP@ENROSe do not
give entire satisfaction insofar as their inplenentation is |long and

i nsofar as, ©CPRTE QfabiecypreppiRtion ofs anganis densenETighh t OFRCtionx glawes, dirdteides i nt o
Wi thin the mMoplddh The present invention is in no way limited to said context and the person
skilled in the art will easily understand that the claimed method is suitable for obtaining
any type of moulded organic pieces, which is without optical defect, such as, therefore,
20  organic lenses, but also windows, optical pieces ...
Purely thermal methods of radical polymerisation of mixtures of monomers
(mainly acrylic and/or methacrylic and/or alkenyl monomers, especially vinylic
monomers) which contain or do not contain an effective amount of at least one
photochromic colorant, have been described and carried out, especially by the
25  Applicant, for preparing photochromic or non-photochromic organic lenses, mainly
optical or ophthalmic lenses. Said methods are carried out, in a lens mould, on a
mixture containing an effective amount of at least one adequate thermal catalyst or
radical polymerisation initiator. Said catalyst, when at least one photochromic colorant
intervenes, is generally selected from diazo compounds (catalysts known as "soft"
30  which remain "inert" towards the photochromic colorant(s) present). Such methods do
not give entire satisfaction insofar as their implementation is long and insofar as,

inescapably, during said implementation, oxygen diffuses into within the mixture
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2 6 MAR 2003 WD 001 19246 PCT/ U599/ 21484 2 under goi ng pol ymerisation, this
oxygen comng fromthe surrounding air and entering into t h§ GoMAR 2,003 its
| eaktight joint. This generates defects in the appearance and constraints
(optical defects) in the |enses thus produced. An alternative process for
preparing Sigby@sgani c | enses was described in 5 the US pafgeonides A-5 621
01 7. This alternative nethod is based on photopol yneri sati on under
ultraviolet irradiation of the m xtur of nononers containing an effective

anount (0.0 rts b of nononers) of
2t least  ondrdeiianaBbhiaRint? Heiuel BipineDn A% St thoiE bt os ent i re
sati sfacti otd theahauld ak, itekplaiphajdint. THis -gendratéibdefscty fathe tappdaeantebadcat e, even
inpossible to find satisfactor per ting conditions (nature of the

phot oi ni t i atstraipe g’&?‘%ﬁla‘ifﬁ“tﬁé’hé? qn?FS?*wép?q @‘TPQ of the nature of the nononers

present, in the IImtm@ifnaﬁ\teepr@ée@ssga?ﬁpmng%cﬁ 8atic WHSesPRAL Redbedc col orant
(whi ch reveals to be a conpetitor of absorption for the photoi nltlator)

and in the thegH{S oﬂDa‘Pﬁe §§é’cﬁ P27} oﬂblsesﬁ!l@matlgﬂnedlefmﬂ tihe tasedalon ens. .. |15
- its fiel o} d; \ u for
prepari ng ?%}%féo g r F}ét l|5}1\51‘LnlS Jl*dglﬁﬁfh{nabﬁgé% Tt IHII’?I gﬂh I é)?\sllé’ém ?52 mm

t hi ckness (melxmnhgear%wpwesnamt (01403 1BRY b Weght, lpert IO(Iparts bpoteightiof abl e f or

preparing thicker for exa sem | enses. of reat er than
0 P i KRREETER) pE G o gpp S PTGk s FEE TG RSt of et
ragl atlton |gau§fhaloﬁ?ihs6farzd ?ifpecnbllsrt pol y{re[]l seg is then glomet up 20 agal nst. In
order to overcome this difficulty, | as been possi ble to envisage using a
phot oi nilt i at or whi cH maydeeplo by delicate, gven fnpossible jp{ird satisfactempprating guar ant ee
homgencous T Hor niulef et iR SR e B MR U 10 use a
u ughou hi -, [ y u
hi gh concenmﬁmmﬁéﬁwpréﬁnbh@ﬂm light pfathe presgnge pHatylest an¢ photeshrammie cglprantnder such
cond 1 ons  ARREIGLAGhY UEGh ARl 9 SAAHS KRU. A GIRES LR ERSRIET LY
| ow concentmfaha spncxﬁéatlpmﬁstablmhbd@tﬂue ﬁpalﬂtrrsh i's not susceptl ble to generate

yellowng), it is v ifficult to,.obtain a co nmerisation
throughd t the vvhol'g ﬁ?lg aPpygation iy h{nﬁg?&&ng iy {{E’t 8% Suét@ﬁﬁ}lé PREERT™™xt , the
Appl i cant hiafseslefrelatpdyllon thmlﬂ&:bs (haishaldemks @ﬁm&rmmgne:iﬂ(seé @aExanpleseces whi ch
enabl es obt aj nj,ng [ ie whi ch are free frqmoptica defects up to
rel atively @oﬁ%g‘qﬁgﬁt&tﬁil&iﬁe@é"g‘ss‘ﬁtﬁ@e i %rel?aPB?nﬂ?}g?ef fhses; (yeXamPleni xt ur es
of nonomer ssehp¥iaihdd Qbedi A pfe@Sr WMALCID ame tKI@ﬂW@S)t O FEctS ﬁieaf,ﬂomlnyoidl fficult
to 2 6 MAR 2003 WD 00/ 19246 PCT/ US9912~484 3 polyrrerl se Sai d novel
met hod can Bsaetign pf the gltgwiolet rafiztion indierorteriohtodreelyanstisd is Hiep eRfe her nal
pol yner pgat ééaﬂstamoﬂapplto%%%g alis &@ﬂi&ﬁﬁf it A dea poéﬁ::'léjtooéﬂvﬂhé'éa\'lszd"gr%{[ hod of
preparing organi c pieces, especi al Pé organi C lenses, is described
bel ow. Char photainitiaser which 9b501ib§ in} the vigibles Haweyrst io geder 4 guardniss obiaifingta 5 nmkes
use of alo \ vention in
fact conpri ggggﬁi@&%hﬁ aggmf? &9{;&9@%@%%%&%5& r?qn %mt 0 Ir“gtr%;%m@%gam c
pi eces by pibickness i, staeiains uﬁfceaamt«msataélghfcomadirztwlnloﬁpmm;umm graltb @senononer s
(said m xtur a eco nts of the
pi ece or | engot 3?,8'% i 'ruglgéérsgl{h csc’%dl?gns ysﬁvgﬁggigﬁ' Ensﬁd 6u°§'f| TERE of its
mat ri x, 20f gdnera.ny)nmamd wmh possessea lggn&wdelqf)emswlﬁgttlinmnglcadepmaﬁkdigta ves

[ t he

especi al | y ch as the th cat hot ochrom ¢ oI or ,
successi ve E’f"’e‘i?gc%‘gf‘téﬁi\'/ %‘Ginﬁ‘é’{oi' ﬁ\gi"X}bV 19F & fo% g ?lggﬁ‘ffqtf'oﬁe §‘\}ﬁ sc05| ty
of said m st%x? dlﬁﬁul@td/@dtéiﬂ?al@@rhﬁl’@t@%o@nénﬁlﬂgn thr&i@hSut thdWhele Uf thBGhasdi d
pre-polymerised mxture into a noul'd (especially a Iens 15 nould for
preparing acfiteqmyterialc) phot ogel i fyi ng, in said nmould, said pre- poI yneri sed
mxture until itsy s )| i sai d
pre-pol yneri sed anlg%gaﬁof?%ﬁt tr}ﬁgf‘ p%?%ml ﬁatssdg?eéwég aF}%erFﬁéthcgdZJtiﬂth%} attrent ;20
the stepd regene pidces whinh epatiesplaining saisiaidcen which, mqﬁnﬂfogebpﬁcab@chmn (c) and
pol ymerisatio ei Latervention, I nt sai d

m xt ure of ‘r’r%n(’o%rev(ge}rtwlgl ‘{‘Bgseﬂ\ggﬁc?ﬂ@{eﬁ%%%o%ﬁt ﬂl?sy¥r5 Vaflgﬁsgy 8% mrﬁ%Ppcat al yst
and of at | esdmende@hofromnimiitaeorwhichs ated kphvat ao nNbet irdlitde(ys Miffiadltetoeni ng i n
an anount | ess than or equal to 0.009 parts by weight per 100 parts by

wei ght of said m xture of nonomers. 25 According to the nethod of the
invention, the mxture containing the constituent elenents of the piece
under preparation is firstly pre-polynerised before it is poured into the
moul d. The i npl enentation of such a pre-polynerisation out of the nould is
very advant ageous insofar as - it enables neutralising the inhibitors
present in said m xture (such 30 polynerisation inhibitors are inescapably
present in cormerm aI products) s |t enabl es |ncrea5| ng and adj ustl ng t he

e Y b1 . v o Y



and the gel point is attained faster ; 5 - it can be carried out in a
perfectly | eaktight recipient, i.e. in the absence of oxygen %rﬂdMAR 2003
therefore, without a constraint as to its duration. It is

recommended to inplenent said pre-polynerisation in order to br| ng the
viscosity afobddnezei xture to a val ue between 0.4 and 2 Papsrussekmwd 0. 4, the
beneficial effects of said pre-polynerisation hardly manifest thensel ves
(especially int o the light of the pr3obl em of the diffusion of oxygen) ;
above 2. PrQilaie 0 Sal M AL BhbA Baf be RN SPP RN 9001 Hebfat e A e cone
up against,” and the gel point Ts cone 00 close e pre-polynerisation
accor di ng tiaclhdes themdmbiymnniaﬁoganianhatohlwnacai belymerisatien. phot ocheni cal

pr e- pol yrrerisatio ich, l.ement ati on, necessitates thet 5

D esbnce i n°t he R E) e R R G SR detst S ey S rount of

at | east ongnskd)ak maécnsat Bélyw! cambtatsuéaag,stt ind1edep NOpIvtdHetificition and it
respectively. At least one thermal cata S@ﬁ{igeneral | y one therpal

catal yst) npakes parester l@WéluF“i‘ftt)éPf/Eh%‘”mf“ﬁto’ﬁ(ﬁe iethod ofthepnentan & fagh ght from
the begi nni dgnefilest 1y pRBhCpHoRchiohfe bTRURARMIARAD ofdhniB ielE EPboly-
pre-polymeris t'1 on. I's generally added in an effective 20 "anount g, such
that it ensrmr@gtnmfh mlh@qu efyhdiendinitpalymerisable mometSmextm@pmwyMH sation
(step a) a p f t I 0 rrerlsatlon
(step I_f@%sx%ﬂsfrkntf%@ thé t&ﬁx%ﬂ%@ﬁﬁ y?tg% 1ac§eod l%h%oljnr%dgﬁ}greﬁap attonl tmaﬂ%
i nventl on tsacorﬂhrgrcmnmemtkneﬁits mathm:nfltl&tmonoinm gpé,imat gammuptorwlemnmhil ch is an
effective a unt for t | e atlon f the thermal. pre-pol risation,
upst reamd f rSMUYEy §R5F gp%;n‘ge gl ?‘?tag’ﬁﬁ tF%B&OtO%r%chﬂg’rdgﬁ%ﬁ q2 (gl +
q), Whiuedesdive sts Béibwet i ve amount for the inplenentation of the final
ther mal pol yneri satl on, .downstream from said thernmal pre-polynerisation,

advant ageousl y j us® adfsting. perepelymeratiop, éh“p‘()‘F"}?ﬁ‘éW‘i’f§é'@|“é)‘?‘|t“r%§’f%)Y3@‘epour| ng
the pre- pol yddeh8Qdndpphyte into the nould. In the hypothesis of the

i npl enentati on of such a fhernmal pre-pol ynmerisation, the anount of

phot oi ni ti ator(s) Bpondes: saidpye-palymerised muxtpigeinto; moetlﬁehsmmabn agdenst he

phot oge fi advant ageously, be nade to intervene into the
m xture gto ré&hh?&p%@%(m%;l&s d Sai d 2 6 MAR 2003 WD 001t 9246

PCT/ US99121 484 5 acxphntogeldyingooveaid mould said/ preepofyoretibeedr mixture wigdrits gelnpl et i on
of the ther malt pre polynerisation, before pouring the pre-polynerised

m xture int'B™'he noul d. Thus, advant ageously, the pre-polynerisation is a
t hermal pre pol yned) ®atplemg tthmmdlyﬁmhsamnntdfesaiﬂ Yte-cdymdrisetb nadrggelfiedont ai ni ng
the effective s armtd Eﬁ’ hermal catal ysts) and photoinitiator(s) or
cont ai ni ng BRTYE PrFaCat ?' BUFFY > of thermal catal yst(s), the effective
anount of phot oi Nitei Adpsrrefetreded Y Provpolydetdator ()s phalogelifiéaioe (6)f addononer s
upon conpletion of its therpal pre-polynerisation before it is poured into
the noul d. plymeigationhebaingoteniementes: ot by glbs dMteveRFiopn iitg) raid Srintuts oft or ) nust
then 1 o '%@ﬁo‘ﬁ‘:c?se’of leff&c‘i:}vé %oiﬂté%f‘ﬁteleﬁ’sft oﬁpmﬁﬁasoataws%{d & @edshndo€gi Nni ng
of the nethod, for th e inplenentati on of a photochem cal

pr e- pol ymer photinitator ; Saiddphetrinitiaten(9i interyeningyn amemovetressrthgher equahtot he

begi nning i pth the

i npl enent at?o@éﬁgg}gﬁgmﬁ)ﬁ@% caﬁéigﬂotfgﬁﬁ]m%lrlﬁggg{d?ﬁn Step a) and then
t hat of 21 he subseqaemrdlpg](m ohgfelmefhoclaaf e istesfior, sthepnmt)lre gehamng@geous!| y, the
2202?; QICE : \a/‘teogtlr%enyflerpcnlts ?ﬁﬁé’ pelQCee under preparapon is ﬁrsriy pre-polymenséH%e?ore %S \Nhl Ch I S

poured into the mould. The implementation of such a pre-polymerisation out of the

mould is very advantageous insofar as :
-it enables neutralising the inhibitors present in said mixture (such
30  polymerisation inhibitors are inescapably present in commercial products) ;
- it enables increasing and adjusting the viscosity of the mixture to be poured

afterwards in the mould. In said mould, the polymerisation thus implemented on a pre-



i npl enentation of the photochem cal pre-polynerisation, upst r aenmigm
prepol ynerisation and then in a second anount 2 (QL + Q2 = Q? S an

ef fective anmount for the inplenentation of the photogelification,
downstream from sai d phot ochem cal pre-pol ynerisation, advant ageousl y j ust
after the phoewashen cal pre2o pol ynerisation, before pouPGTREIP2Igs4
pre-polynerised mxture into nould. In the hypothesis of the inplenentation
of such a photochem cal pre-polynerisation, the thermal catalysts)
subsequent | % olyeistt akdthbRford viadustriRfuidls &k ¥ Rint&athe ®8st (Hrb@RsthbesTRY

i ntervene, before said photochem cal pre-polynerisation or upon the

conpl et i on tinpsr evthiny estbrae visseusi myxXiise the eoxpéany diffusesednaie xalawle ithet o t he
noul d) . CQr, r on of step
- of the e PSP AR AbrleingRb il kBl R Rl FPRLRLD Do cal
pr e- pol ynermﬂahﬂgehpmansatadledfasteon the m xture of nononers contai ni ng the

ef fecti ve anount of . photoinitiator(s r a nt ageousl vy. ai ni only
%to 60 Y% of said eftf%rbl? Wegr%{fﬁ ng{f) léé?gtdg%ﬁvc gﬁf m lP'f’ea Peé‘ﬁ%r}?lder of
phot I0| niti a@,?gén%dhﬁue@re%hﬁpbwldd@dtrmm?miﬂsc&@atnshxturg ?f mMononer s, upog t he
conpletion of its_photocheni ca e- pol yneri i on efore it is poure
into the nould ; ftHeh @%erem%en&%%@W%ﬁﬁ%@-@%xﬁm)m BEPy 2 -
|~ AR 2003 4Gl 132Afy BITHE SR 214 Huboditah 4 tnd il sTBaAbwioR, gle MOnONer s
before its photoc em cal pre-polynerisation, or upon the conpl etion

t her eof . Theengfatial gffeeiyof id prerplymengation hardly rgnifst tledeselyeccespesialiyning

pr e- pol r e 0 Y, e 1t has
been segggetthgﬁ éﬂt%pthghlgopgﬁ‘f Oft!ﬁ‘i dslﬂ:gsrl&r]r]a tog gehﬂgapb%[fﬁl;eorb ﬁea S(O?' dp‘ﬁ@%‘tooc hem cal

pr e- pol yner ofgk pre-polyintnsed mixtiretact @inleyupegadhucad tHeqel pqmﬂltemmte tbdnelose

pre-pol ynerjsation under the joint action of heat and a suitable
irradiation®i.e. to carry out a thermal pre-polynerisation and a

phot ochemi cal pr epThy prespolyietiition héverdi! talthesihehtionid geh@ily dthédmat @ (S) thus
acting together within the m.xture Qf ngners... to The pre-polynerised
m xture accOlONChguir REEBYRCHRLLR | Hgh %b\)’é 1"§3I‘E“PF€F?t‘P’Ersf’°°ﬁ§?ﬂ?tg‘d tento a
moul d. his ;ﬂ@JeMéEe o t%@frdlﬂﬂrel t6 bk ipRaddiyiRdised) of @ ¥R SnodREr at least one
characteristical his is in tw successive steps - a photogelification
until its g@Fmﬁb%’éﬁlyﬂ et least ongyplotqinitiates, respasiYdfrent ary t her nal

pol yer St on. Th RIS AL Bk ARG echiBhf R il Bl ok BLEARNL at | 00 Of

—
et

the m xed net hod of the 1 nventi on, hus co | nes phot ochem cal
pol ymer i sat ingvepstie theaniatuee prmrmmtSL 9ghr§tfl@pl thy beginhinghefithemetbod fomtrei sat i on

(step d andi Rl Al ¥e 2Rl d PolERSIGL 308 cbfbraly oy A1 SEMRRCS: 10 any

case, in a I'Pnited amount or 1ess parts by wei ght
per 100 2par&rsodny quesuggtin t thas f 1tn1mmmerb;>m tlmaknplemcraatwmt of hvaid thesnadl pre-0 be

detri nent al ECla| ar the rob emof i ng. . Furt hernore,
the inter ve‘?ﬂ1 s%tfon (15%8 gg%‘fi astu%r e)“l PIEP: opttlx?nfl \#*‘B'@‘al Lk?"@?rentl ng the
phot ogel i fi figitiboGteprdyl Howevey ieigin Iny ey exdided fromithe ¢(ﬁ1tdxﬁoiah£ﬁh9&1t16iﬁ tod

phot ochem cal pre- pol yneri sat.i o under. a rﬁ$gatl on_whi ch i sbﬁ)rredom nantly

"n the 25 ViSSP Hem i Ve igkesh ol amainidiy PRIFA 81 SICCRYRPERL I e | act
convent i onajmpithdn@BS &f Qhe thermal pre-polymerisation, upstream from said pre-

25  polymerisation and then, a second amount g (q; + ¢2 = q), which is an effective amount

for the implementation of the final thermal polymerisation, downstream from said
thermal pre-polymerisation, advantageously just after the thermal pre-polymerisation,
before pouring the pre-polymerised mixture into the mould. In the hypothesis of the
implementation of such a thermal pre-polymerisation, the amount of photoinitiator(s)
30 necessary for the further implementation of the photogelification may also,

advantageously, be made to intervene into the mixture to be pre-polymerised. Said



not suited or badly suited. It is strongly suggested to use th i in1g
use of W filters. It is however reconmended to inplenent the % MAR%BS‘
photogelification step of the method of the invention and the step of
pre-polynerisation, if it is a case of a photochem cal pre-polynerisation,
wi th fl uor egsemszdsubes as source of radiation which 30 aper/pssodmwi nantly in
the visible (having their nmaxi mum power beyond 400 nm e.g. at 410 nm or
460 nm. This type of radiation penetrates into the thickness of the
irradiated amoaﬁGm%%%oarg\%'} M HRad6 oﬁ: ﬁoll‘fsgo%lﬁétfbgd'of?t Ehdaftlpr@nd hardly
interferes wth photochromc col orants Ich are optionally prePsent. The
per son ski Ipobydherisativhéetore panrihg the ow-folimerigidoninte atolthe meuldnt er est of t he

m xed net hod of t invention ‘é\‘\lm ﬁl{] incl udes .thermal ang1 hot ochemical 5
pol ymer i sati on), wilEh SORUPEEED Mo PERPRTENEAE (B of DB Pt 1 on

/ phot ochr opolm@fibatibh Grairied Ndut e Bl mp@iry NoET herinietN omaidingh@s effestiveenent at i on
enabl es obtaining_thin and thick pieces, ?és)eci ally lenses), which are free

from any demeppts of thigrpalgatalvsis)A0d rhgiuyt or gapaiping|qnly thasfediveas t he

pol ymer i satyfdfinti & ihSe® réﬁtﬁl;y@c@),i fRe thCive Uinfhuh @S BidiGihirdtot B béifd hefioU! d) ,
rapidly with a diffusion of oxygen which is reduced to a 10 m nimum The
met hod of tefdeditevaid piixhrejof monewers Hpay eomplatign phits thermal preiplymerisaiohe f or t he

pol yneri satLapn i?fsp 'Qéamé‘f;ﬁlemouﬁononers of different types ((neth)acrylic,
vinylic nononers.. H&’ and especially of m xed type ((neth)acrylic and

vi nyl i ¢ nononer s) . AT heastrioxne uphetodrfitiatern (greersliyt @nb eplpwdiyitieot)s mistadeonr di ng t o
the i nventi.gon n%y.in fact contain 15 a rt? i c,and/.or. meﬁ acryli.c_.and/ or

al kenyl PmpABRRFY: e e Auxiers ol mopopiets, gghttiom the begipnipe of the nfAgeousl y,
sai d m xt urie fimplétheatation todli anphotichetiicli pO-ablymeianey. Satf photFlaitie®) nand

di funetional nononers of  type (b), as _defined bel ow, Conpositions based on
t hese two t‘Vﬁ‘@%“"d?EH?’PF‘e‘F‘%ﬁ&I SHGetive apeuet,Q such tB?}q?ﬁlﬁu’Abb‘Nlcant in

the 20 FR U igihRtaBad 8NdaicpHoldchedtibal Bre-SlyneisRont p 2) £haVish RALF
publ i shed as FR-A 2,762,845." Their use for pr eparlg\% organi c pieces of
§

optical quahd supsequend phetpeckifiedtioy siep (Wan @ Advigageaysly iy phdtoinkietormalod of t he
i nventiQn v O O ; I I Vi 1S, I OoppoOsSi tions
wer e degel %%éﬁé’%yﬁ%“g’ lﬁr;t)sf)lnikl)ga%tg{ %ﬂ# ?l’t ﬁ’gﬂ’g(;%{}%i%ﬁ g{?’\%r %@2‘%’?5 ' Tor a

conpr oni se ipplemestatianhef Gt Photdchgmicn) ere-pelymernisaon, pipstreaoh fromi said Prepr operti es

and the ne [ . DI rike | eomaterd Lch ca used
especi al | y%?ﬁ’mgg%lt"ﬂ'gla%ﬁ]gﬁg;’ﬂ E%%é“‘%%?%’?‘ﬁga%%y %he@ha%&hr adr c?gfie Qﬁe
co- pol yner iag@tutofor othe nimpbamensitiorChd r the t photogtlifeatidny , dosasttleaao fjpas iséid ons
include at | east one short chain th)acryli ﬂ’gi functional .npnoner and at
| ast one. IPBRGIERATD PET RHTC APy P aRRAT it . 50 B0 PEEER 8841 ¢  ng fr om
their ppl ypolyheatdion béfug pasihgSHhe Spre-poisuneeasinkndd nto wsduldl enwWhech
provides it with the properties sofLSJghE1 after. Said short chain
(et h)acr yWRORRSSUHCPF GRRICIFBAIRE PS ucp ot PRYJprdemicsl miscpobimerisationl e (), (A')
: see furt highm@nthtallSt(d) Buseglentdy isBfill MARIHinal BRrridl $bFideMsatibh {step'd) Hagli t Y bei ng
nodul ated by the presence of ) o

intervene, before said photochemical pre-polymerisation or upon the completion thereof

(before pouring the pre-polymerised mixture into the mould).

25 Thus, according to another variant of the implementation of step a of the

method of the invention, the pre-polymerisation is a photochemical pre-polymerisation

carried out on the mixture of monomers containing the effective amount of

photoinitiator(s) or advantageously containing only 40 % to 60 % of said effective

amount expressed by weight, the remainder of photoinitiator(s) being then added to said

30  mixture of monomers, upon the completion of its photochemical pre-polymerisation,

before it is poured into the mould ; the effective amount of thermal catalyst(s) being



2 6 MAR 2003 WO 00/ 19246 PCT/ US99/21484 8 said |long chain alk

di functional nononers) (of type (b) and of formula (B), (B'), 3?§"MAR E@g
further on), which, surprisingly, also enable providing said conmposition

wi th excel |l ent photochronlc properties. Thus, the difference in
functi onal wowon$246ai d nononers of type (a) and (b) advarrcagseamuss sl ow down
the gelification of the 5 resulting polynerisable conposition. This
characteristic enables the resin obtaisned from said conposition to give

good opt i calddqdr PPRId inBaurad bl nesmpRerks defoye it phdtechemsal Wéﬁb@hﬂnwﬂ@ﬁ ,.aghroni ¢
colorants are |ncorporated withinit, to express rapidly and, at best, the
phot ochr onii®opihe seppleden thegpefs | t he met hod of the invent i on i s therefore

parti cul arly advariaoRaushy id frhdRhERANES rweitenceatorala er1 RRRQITET S whi ch

contains at | east one difunctional nononmer of type ( east one
di functi onatepmﬁﬂ@mthoafofthﬁwe(lmn (step ielt das hepm scew Hat mrgamaiﬁnsa meftert ype (a) -

(neth)acryl n or: the of the fo d (A)

bel ow + forrm a %’ % pB?—'laa%mﬁf-’!k %%Q%Eﬂ-?ﬁ étizs) no{ m{alii e’gc(hééé EHR O n
il -C=CH2 15mplnentCHi8 pr¥-pphynierisatiomhindér theRjoint detion of Raaradd R suifablenti cal or
different, .arg jndependentl| ro r a neth n1and n are,
i ndependent’??ff 1240 by P SABE ‘\}I/Qbéﬁﬂ%mﬁ]n ego@'pﬁe?aﬂga agpha??ahe&}l 1 77

advant ageoyslyhetisisR ethd eataly¥t(§ dind! pHoRinktidbr(s3 thus aoﬁngn ether Mlﬁmhbcal or
different, are a hal ogen and preferably represent a chlorine and/or a

brom ne at awixture of gnomaee--ar e, i ndependently, integers between 0 and 4

(inclusigve) ; + f Oihe phfink bR ooty LD ol G, a0 25 11

which - Rl and R 1 I cal di f rein entl'y a hydrogen
or a met hyljugpowgd into-aroild a strai ght or branched al kyl radical having 2 to

S erbon =L = yalaglit £ AR G AR g eSS E R0 1
PCTI US9912tt¥84uctesaivel stefis,: | dent i cal or different, are independently a
straight or br anch_ead h%ltok hﬁca%jﬂ &n% it pmgt andt o] 4 car bon at ons;
15 - a final or supplementary thermal polymerisation.
The photoinitiator(s) intervening for the implementation of the mixed
method of the invention, which thus combines photochemical polymerisation (step ¢
and optionally step a) and thermal polymerisation (step d and optionally step a) in three
steps (a, b, c), intervenes, in any case, in a limited amount - equal to or less than
20  0.009 parts by weight per 100 parts by weight of monomers - and it cannot thus reveal
to be detrimental, especially regarding the problem of yellowing,
Furthermore, the intervention of said photoinitiator(s) is optimised by
implementing the photogelification and the pre-polymerisation, if it is a case of a
photochemical pre-polymerisation, under a radiation which is predominantly in the
25  visible, i.e. almost free from ultraviolet radiation. In fact, conventional UV lamps are
not suited or badly suited. It is strongly suggested to use them in making use of UV
filters. It is however recommended to implement the photogelification step of the
method of the invention and the step of pre-polymerisation, if it is a case of a
photochemical pre-polymerisation, with fluorescent tubes as source of radiation which

30  are predominantly in the visible (having their maximum power beyond 400 nm, e.g. at

410 nm or 460 nm). This type of radiation penetrates into the thickness of the irradiated



* the difunctional nononers) of type (b) - long chain al kenic ctdh-un Ei 3I
ol igoner - being of one or the other of the fornmulae (B}, (B') d ? m
below. 5 + formula (B) RBRRLRY RA Oi-Z-(RYYn R-Zi-i ORAi R R2 R3
in which - RI, R1, R2 and R 2, identical or different, are independently
hydr ogen owaemmz4ai ght or branched al kyl radical, advantRgrAsIRMS&st rai ght,
having 1 to 4 carbon atons ; and to particularly advantageously correspond
to a nethyl group ; - R3 and R4, different, are independently one hydrogen
and the ot hghteadl dkemily hagerdl wild\phRt@cidohz Eol6rasthoimied ars opa@duiant ageously
2 to 4 carbon atons and particularly advantageously an isopropenyl radical

. - R .3 ankreRnY4, different, are independently one hydrogen and the ot her
an al kenyl radical thopfau dlicd i ebrCRIPARY BhRReand PR IGERUIDZ 1O 4
carbon atons and partPcu arly advant ageously an |1 sopropenyl radical ;
(advant ageomsdey, methed t ofo tendsvenfiott Wgvhimb| awvlides athemiatlemmtdi pbdtoghemicel R3 = R 3

and R4 - R-4); -.Z.repr,esents .a carbamate function (- NH O a
i ocar bR LTSRS el TRt Sops (PE:po et rolelbeft ) | -
Z' , i ndepengifitatioh@irnialotinkeyAioh pgrRomsdsy irfislempaition @hables dobridigsmect to Z,
represents a carbamate function (-0 CO N&Jf a thiocarpamate function
(- S- CO- NH- ) andrthigk greges (pspRialiydpnsednpielnaiirey from ang defespindpasprancqand  aj ght or
branched al loplirdidegRbiallaHsh@r s ttRe polRIcR@MoRLiO Tplemémed iR thd GRRd cal or
different when n > 2, i's a straight or branched al kyl radical having 2 to
4 carbon at@snsciallyytheilenspquidy rapidlydivith a diffisioptnd 9xyges -which is gedygsgyiers or
sul phur & 2.8, VAR 2003 WO OO | 924b PCT/US99/21 A84 10 - n is an integer
defined such that the total nunber of carbon atonms, contained in the |ong
chai n situated beflheanrtiohef theanvamiiet iseasoZingeradti® in tha iats susatdd foedheal to 18
and advant ageous! y. be between 18 and 1 |2.(incl usiv .+ formula (B') to
R0 RL -0 FEPERGHisitioy of pmixtires \Rﬁ i‘%"rﬁ‘°’6‘°r6~°f§éh#er€ﬁ- §pes ﬁkne@icw,flw,ovwfqu Z R 3
- R, R2, Raondifrs.B ahd effedallRofanixE §pe Rnietidackiliaraad amyliehbietergbtiee W t h
reference to,forn};I gwén%); - n {a{s an inte(ger dﬁfi ned such that the total
nunber of cEPHEROLPERAMErLgbe prlymgniseq ap¢prding iodhe inxsntiop maydn Betcopiainy) n e at
} east | eq%g'l' a)lct:ﬁic%dajadnaﬂwrcaﬂﬁmsdlwenple mRAbMEE NespecialdvinPie GF Ryt ve) ; +
ormul a

monomers.

Advantageously, said mixture mainly contains difunctional monomers of
type (a) and difunctional monomers of type (b), as defined below. Compositions based
on these two types of different monomers were described by the Applicant in the

20 FR 9705 458 patent application, filed on the 2" May 1997, published as FR-A-
2,762,845. Their use for preparing organic pieces of optical quality, and especially
organic lenses by way of the method of the invention has revealed to be particularly
advantageous. Said compositions were developed by the Applicant within the context
of research for a compromise between the optical properties, even photochromic

25  properties and the mechanical properties of a plastic material which can be used
especially in ophthalmology, and obtained by (thermal) radical co-polymerisation of
monomers. Characteristically, said compositions include at least one short chain
(meth)acrylic difunctional monomer and at least one long chain alkenic difunctional
monomer. The resin resulting from their polymerisation thus possesses a nanophasic

30  structure which provides it with the properties sought after. Said short chain
(meth)acrylic difunctional monomer(s) (of type (a) and of formula (A), (A") : see further
on) do in fact bring about the rigidity, this rigidity being modulated by the presence of



0, RR\W OR1R3RIOI -NvO (RY) NR -Z - i OR~ S Rz 5RMARI 2030
in which - Rl, R, R3, R4, R1, R2, R3, R4, R R and Y are as defined

above with reference to fornmula (B); - Z' is a carbamate function
(-OOCONH) or Z is a thiocarbamate function (-S-CO NH); advantageously,
Z' is a canbaombsssf unction ; - n is an integer defined sechussdvatss he tot al

nunber of carbon atons, contained in the long chain of moiety (RY)n R, be
at | east equal to 22 and advant ageouslgy be between 22 and |04 (i nclusive).

Fur t her mor eg;gSighHeifindikin® AfunBRBIMRERnRE(s) ¥PBpE B) A0 EnukaB),fB4t her
contain (c) at least one aromati c nonovinyli ¢ nononer of formula (C) ~ 6

MAR 2003 WEBUDY sto fnéerion) Rahich; Omprishagly. 9is0 Shableugaviding whid chmpusitionpyitr  CH3
sai d nonovi nylj.c ad t age Y4 GORSL SN : ;.andlor 5
(d) at I easties RSO sdberth LY e OBk BhOh ‘é?%‘%‘ﬁlﬁg%fﬁa@ —CHZ ) 2
in whi ch R thorontersobf 68 (a) amd db)dadvamygeoslyrpivomdsowmdia peldpanaess bfy tieonsi st i ng

of divinyl benzene; . and/ lo (e) at. .least one th)acrylic. oner of
fornul a {E)™® gﬁ"’bﬁ(‘ﬁf’sag pgﬁ“l)‘f”ﬂmﬁpléﬁhaﬁ?@nﬁl ‘i&g@fiﬁ'}‘a%%ﬁlbtafrg? Ot r ai ght or
branched aldsdl conddbitied td@vé RBodtoptRal &oﬁ@ﬁ&%d%sﬁ%&ﬂr an (RPEds®RAbrk

substituted benzyl or phenoxyethyl radical (generally substituted by a
C~- 6 al kylPphgioshrpiicosolosaryin frg drqerneyatesl Within é 1of exprass sapidly andoppbest-heO) nR' in
which n is ;ﬁx@toicﬂior‘?xﬂrf?ro fopeen 1 and | O and R* = CH3 or 02H5 ; said
(met h)acryli c nononer "advant ageously consi sting of
2- et hyl hexyl - met h@busy thet methathdf the ifveptiahi il theréfotet praticulaely aihantagemmslyunds
listed ov.e C o.(f)) .advant ageousl! v .i.nt ervene wi th the.2q.difunetional
nononer oflmtp% é)nee)1 '(e{éjal)“']&ollné%j)n(’)%ﬁ“.e Ozd’\lfg‘r? grgse%lf}%q %/o,nt%nlllseyat \in\éﬁiflt "t @W@'ﬁ)@alwi thin any
m xture of mamparesftypedalmdaoleysrend difdctibaalnaiongr éfayge(®) met hod of the
I nvention. * the difunctional monomer(s) of type (a) - (meth)acrylic - being of one or the

other of the formulae (A) and (A") below :

+ formula (A) :

h . i
H2C=C—<I3— (OCHR-CH,) ,—0 ¢ o— (CHZ—CHR'O);-IC'—C=CH2
|
fo) CH 0

15 x), XN,

in which :

- R, R't, R and R), identical or different, are independently a hydrogen or a methyl

group ;

- m and n are, independently, integers between 0 and 4 (inclusive) ; and are
20  advantageously independently equalto 1 or 2 ;

- X and X', identical or different, are a halogen and preferably represent a chlorine

and/or a bromine atom ;

- p and q are, independently, integers between 0 and 4 (inclusive) ;

+ formula (A") :

0 R

H2C:$—“IC|I-' (0O—R) ——o—c—c':

-

CH

| 2
R O
» in which : '
- R and R'y , identical or different, are independently a hydrogen or a methyl group ;
- R is a straight or branched alkyl radical having 2 to 8 carbon atoms, a cycloalkyl

radical having 3 to 6 carbon atoms, an ether radical of formula (R'-O-R") in which R



It is now proposed to specify sonmewhat the nature and the anou t 3 of
t he conponents which intervene or which may intervene in the n1x ure i ch
is polyrnerisable according to the nmethod of the invention. 25 The nononers
of type (a) may or may not all be of the sanme fornmula (A) or (A') ... Thus
t he m xt ur esobtmobs pol yneri sed according to the inventi orCHUSSRt48geOUS] Y
conprise - either nononers of a sanme formula (A) (at |east one); 2 6 MAR
2003 WO 00/ 19246 PCT/ US99121484 12 - or nononers of a same formula (A')
(at |east opgd R";idOkticAl aﬂm&em% BRNinddpXeihttyod sﬁ@élﬁr@rb‘iar@ﬁedd&lﬁﬁeiﬁcﬁm formul ae
(A) ; - or mxtures (non m xed) of nononers of different fornulae (A} ;

or mixtures hevig2 )4 erbargiesmer s of fornul a{e) (A) and of fornula{e) (A). 5
According to a p e nt trical
nononer s of typeI ?ge) alg@gn%@egﬁﬂéga )0?%%‘%24{’2 ol{?r%]f/hpagp k ’cg&[l t@r/fagrg (A or
(A") in whi @hgdnlm Bing nfon of thg othenpsf tiser formudan(B),¢RY) and(lBé)m:ma as Rand R

gr oups, as tJ L@ Béhe X and X' substituents for the conpounds of formula
(A, are quéﬂ Prouig(Bl g symmetrical. Said symmetrical nononers of type (a) of
formula (A) are knayq and are t o available comrercially or are easily
accessi ble to the per%emski IRI ed in the art. Itrr? Rot ed t hat said
nononers whi ch dgQ no 8 _a _halogen.gn_the aromati Q in fact
correspond to thg4fi rnoqa\;rg 8§ f@rﬂmﬂt‘]a ?er) in tnse‘*of t he

WO- A- 92/ 05209 docunent™ Sai d Rypnoners of type (aR:'of qul a (A) havi ng

hal ogens) on the aromatic rings) will be easily obtained By the person
skilled in the art by using derivatives which I5 are appropriately
substituted on sald aromatic ring(s). Wthin the context of the invention,
t he rmnonrer s Rof R‘f] oRmnddl Q,Aglqntmai omﬂnffcﬂenmamdiefénderitldémdxiogal qr agtrgightydr ogen ar
a net hyl u I a ou n_are jndependently
equal to 1 g’F %Eh ‘Hlfﬁ radlcal ady tagg?%svgé%%l% rléadlrI%A ;5 rtf%ltﬂna?t?rﬁ acﬁ‘gnt ageous

vari ant morIpasmtﬂm(tlﬁadvmtﬁé&eusﬂwmbnmfoaftﬁdft]ﬂyjlgﬁ)u()A) of the above type with,
in addition, i S_nhot ab 13/a mar ket ed

by g6, Nobar R R Y e Mebrriare ane Bukesh atd B oBrraerspieny apital The

synt hesi s Ohatifie 20ioSE Y¥ARBA kiofR) aWﬁﬁy af tof P iR afohs aaqaepaafcumﬂy
particul ar problemto the person S led in the art. The nononers (a) of

formula (A pdvaniegequsly apdePoRetiRdisHd result from the conventional reaction
of an al i phatiCandirg), derre%t,%féQE&cpEd'd@ﬂxtl} oal: KYdr@éEﬁ%d/ﬁxgloth@Mzhkeﬂ Zadié@xi mum of
8 carbon atom; in said chain) | east one type of yacrylic
derivatiVe deyenditagd earbomhetoRsy aﬂivﬁntﬁ&eoﬁFéisﬂrf@d"' cybebawms Emérimﬂbﬂbf formul a
{A") which

advantageously an isopropenyl radical ;
(advantageously, the two ends of the molecule are identical ; i.e: R3 = R'3 and
Rq=RYy);
- Z represents a carbamate function (-NH-CO-O-), a thiocarbamate function
20  (-NH-CO-S-) or a urea function (-NH-CO-NH-) ;
- Z!, independent from Z and advantageously respectively with respect to Z, represents a
carbamate function (-O-CO-NH-), a thiocarbamate function
(-S-CO-NH-) or a urea function (-NH-CO-NH-) ;
- R' represents a straight or branched alkyl radical having 2 to 4 carbon atoms ;
25 - R, identical or different when n > 2, is a straight or branched alky! radical having 2 to
4 carbon atoms ;

- Y, identical or different when n > 2, is oxygen or sulphur ;



are symretrical or dissymetrical at their ends. These rmnorre(rj&?%y?@:#a)
generally intervene in the m xture to be polynerised at a rat 99
parts by weight for 100 parts by weight of the m xture 30 of nopnoners of
type (a) and (b}. If they intervene in a snaller anount, the pol ynerisable
conposi ti ORyd@sodast endency to retract during its pol ynerpSgidedsissrduci ng

2 6 MAR 2003 WD 00/t9246 PCT/ US99/ 21484 13 a premature turn-out which, in
turn, is responsible for a deterloratlﬁp of the optical properties of the
final resin. g 1P%n%§§%méf§1e&@ch0% ?xun&l@r’ £CBbdn 308s c!% ?al 34 $n {hgng- chain
di functi onal keni ¢’ nonomners rmnorrers have oF ROt a nore or

| ess pr onounagdchainssitomed bytwedALR thp nikidétids Z, arld3Z'RbS at Rditl%qdal tZ/lX and These

nononer s of have the sane formula (B), (B") or
(B") ... ﬁgza%tagaoé“)s%bﬁ%l’ﬁ?”g?’nﬁ@ngg %@? ®l sed according to the invention
advant ageous! fgrie@a@@’y:se to 15 - either nononers of a sanme fornula (B) (at
| east one); - or nononers 8f a sane formula (B') (at |l east one); - or

nononers of a same fornula™(B") (at |east one); P m xtures (non m xed)
of nmonomers of dif} i xed) of

S 0 (B) ; - or gm (N
nononers of diffe e (B o;_(h_og)m% s_ +0of nmononers
(B") ; >~0r mxtures™m , btna

of different ftor ternary) of
nononers sel ected fromthe, nononers of fornulae) (B)R'jpof Toxmulae) (H) and
of formulae) (B"). The nononers of type (b) which are | ong-chgain al kenic

di functi 3na| fg,hf oners, said chain being a polyoxyal kyl ene or

pol ynmer capt 0a ene chain, even a nmixed chain, are obtained according to

t he convent |-dhaR2£:Bmdi4,ilbpsR'pr'3) M andsy rrhasdedin@Dativye with refemodeiton: -

bet ween one el fe(sé?r al derivatives having a functionality of the

al kenyl i socyarﬁja ype, of formula | and/or Il: RBRL |1 RO ~ ~ CGN=C=0 Rz

formul a | - n is an integer defined such that the total number of carbon atoms, contained in the

10  long chain of moiety (R-Y),, be at least equal to 22 and advantageously be between 22
and 104 (inclusive);

+ formula (B") :

R, R',
1?1 %—0 }IQ'1
R, ?—N\)fo—(R—Y);—R-—z'—cl: R',
R, R',
in which :
15 -Rj,Rp,R3, R4, R'1, R, R'3, Ry, R, R and Y are as defined above with reference to
formula (B);

- Z' is a carbamate function (-O-CO-NH-) or Z' is a thiocarbamate function
(-S-CO-NH-); advantageously, Z’ is a carbamate function ;
- n is an integer defined such that the total number of carbon atoms, contained in the
20 long chain of moiety (R-Y),-R’, be at least equal to 22 and advantageously be between
22 and 104 (inclusive).
Furthermore, said mixture of monomers of type (a) and (b) can further
contain :

(c) at least one aromatic monovinylic monomer of formula (C) :



y and/or R -NeEC=0 R z formula Il In which R1, R2, R3, R4, R‘2 G,MMZZ[]0$3
and R 4 are such as defined above. According to a 25 preferred variant o
the invention, the nononers of type (b) used are symmetrical at their ends.
In order to do this, a single type of al kenylisocyanate derivative (thus
formul ae | wandidlis are identical) is used. In a particul @cyusewbismat ageous
way, a R 3 Rl 4 ~~ C 1 vinylisocyanate derivative is used in which

Rl =R2=CH3 (or R 1=R 2=CH3), R3 (or 416 MAR 2003 WD 00/ 19746 PCT/ US99/ Z
1484 14 R 3) is an isopropenyl radical and R4 (or R 4) is hydrogen, thus

corresponding to 3 isopropenyl-a, 2 gineﬂﬁzlbenzyl-isocyanate (of general
designation mTM ). The ol i goner obtalFRed from said derivatives are
preferred; - and a conpound whic trinsically has a long chain, said
conmpound being: 5 * either a conmpourid which is symetrical about its

term nal f umcwhicdnR|anH oMGCHEN; said meapdnds morbmenadliamthgeofisly osrzisting 6IO- (R- Y) n
R-OH + or to a dithiol of formula HS-(R-Y)n-R -SH, + or to a diam ne of
formul a H2NYBE%) n-R - NH2; which allows obtaining said 10 intrinsically
symmetrical oligep®es of formula (B) (intrinsically symretrical neans
nononmers of fornula fB) in which the Z and Z' groups are functions of

i denticaf nat ur efd) ailegit opgargmpticiyinylicgponogergfifermlado ( R~ ) ri C- ~CH2
15 OO the reaction thus leading to thegsynthesis of said oligonmers of
formula (B'); * or a conpound } S gfssynnetrical about its term nal
functions + it being possible fa i (tupgthi ons to be an al cohol, thiol or
am ne function; all conbination ng possi Bl e: these conmpounds enabl i ng
obtaining other intrinsically 20 dissymetric difunctional oligomers of
formul a (B)in(Whith IR)SEa@lor YCHY $ SHaN®ihy1EanoRRad SadIRRERIS &hsk@gyt a (B) in
which the Z and Z' groups are functions of different nature); + said
functions r&¥gEkENZEES y bei ng an epoxy function and an al cohol function or
an epoxy function,gpd a thiol function, the conpounds then being of formula
25

10 (e) at least one (meth)acrylic monomer of formula (E) :
CHy = C(R) -COOR'
in which R = H or CH3 and R’ is a straight or branched alkyl radical having 4 to 16
carbon atoms, an optionally substituted benzyl or phenoxyethyl radical (generally
substituted by a C-C, alkyl group) or a polyethoxy group of formula
15 -(CHp-CH2-O)pR" in which n is an integer between 1 and 10 and R" = CH3 or CoHs ;
said (meth)acrylic monomer advantageously consisting of 2-ethylhexyl-methacrylate;
and/or
(f) diallylphthalate.
The compounds listed above ((c) to (f)) advantageously intervene with the
20  difunctional monomers of type (a) and (b). Advantageously, they may intervene within
any mixture of monomers to be polymerised according to the method of the invention.
It is now proposed to specify somewhat the nature and the amount of each
of the components which intervene or which may intervene in the mixture which is
polymerisable according to the method of the invention.
25 The monomers of type (a) may or may not all be of the same formula (A) or
(A") ... Thus the mixtures to be polymerised according to the invention advantageously
comprise :

- either monomers of a same formula (A) (at least one);



HCCHO (RY) -R—- (OH) z or ( SH , the reaction thus |eading to the
synthesis of said oligomers of formula (B"). In every case? RMAR 2083 and n
are such as defined above; preferentially, Y is 30 oxygen (the |ong chain
t hen bei ng a pol yoxyal kyl ene chai n). 2 6 MAR 2003 WD 001 19246

PCT/ US99/ 2 W Bebnidtas The nol ecul ar nmass of the | ong pol yoxyediwyssemassand/ or

pol ymer capt oal kyl ene chain which correspond to the (RY)n-R or (R Y)n
radical in said formulae (B, B, B") gpecified above, is generally at |east

equal to 500 g. mlorkog&gerggyﬁamgq%ugng glggggong) and preferentially, said
nmol ecul ar mass is between 600 g.nol -1 ané |-1. 5 1In a particularly

advant ageous way,- omnm(tmesénevenmd)Oﬁm¢n0mrscéﬂif§¢r®yf¢meula¢(2"9)I mononmers of type

b) of formula (B de i ned are h vene RBRLR1
Re O 9T TR 2 Dog el AP R Rdnoflefs P URHAR b QubDNEL YRS B RER &)
R4, R1, R 2, R 3,0r Rixtur@s @nised) bf mendiedrs difﬁ'ﬁhrﬁlﬂHOMQA{ anrbfmm@gepusl y SO
that thetwo ends of the nolecule are i ntical; i.e. : R=R ~, RZ=R 2,
R3=R 3 ahd R4 = RAGEOTdifeitn acRrelresh vanagh ohibe Agesiidn, pngor poregymmetigal;, = cpg
and R3 = R %oa&ﬂerﬁaf 7p&( aW dsBd. AR ﬂsno%%r@mymapedm&ﬂwmq@@mm the

ot her being an isopropenyl group) and i s such as defined above and

advant ageou¥high i adR'berogps are idswticgh ﬁle(sxmeys Rrpgd R groyps, agwelh#s e ar e
carbanmat e f ??n):l ctively; -
nis an int g&%?b(g%lsn e(ﬁlftsﬁplp&s{%g%ngpowhhsg@f t at%ﬁg aﬁe(lq@dwser 0 gar bon at ons
contained in the Samg'rmimamqal moneracr&d)f e vigleof thaula\&A) lmtkrfownZandmb Z', is
bet ween 20 18 gbrid 112 nd adval

{a n
pol yoxydP ky P&l %ﬁoﬂrﬁem FAWEEY £ g Sggltsﬁ t%ﬁ’ﬁ pgrﬁ %éf H\eﬁﬁ may be
ad?/ant ?geouml;tyd ig&ﬂsaﬁeﬁbrﬁglgﬁwdgﬂggﬂo@t hibe adaRgerDdén the mhmﬁxyia%lﬂpl iepet of
nmol ecul ar mass between an nd 7
t hi ocar bamafATeFRARELP 6‘??5‘6 Il mERAMEFS pLl [%('“n;ﬁﬁi-(é@ %‘e)sg%f‘ﬁcff (thes) &3&\%&5909
respecti vel jocuméR. Saill mofiorddls bt RAEY oftEuME@) hilviStKdlogn(¥Pdh thb @lombite t ot al

nunber of carbon atons contained in the |ong chain situated between the two

notifs Z andngs) wijlbe psilyeldpingdbyheperers Skl“&‘h@ theRrbbit wipeciggvapives whighe case of
a pol yoxyal kyl &gﬁgmﬁk@iz NeubliRutb® eSSl %f’oni’%ﬁ@' di38) 0NAmRA ' CHhAE lo¥ the

advant ageousl and 46 in
mventlon the monomers of formula (A), m whxch R and R!, identical, are hydrogen or a

methyl group, Rjand R'y are a methyl group, m and n are independently equal to 1 or 2,
and p = q = 0, are preferred. A particularly advantageous variant cerresponds to the
monomer of formula (A) of the above type with, in addition, R=R'=Handm=n=2,
20 Said monomer is notably marketed by Akzo Nobel (NL) under the commercial
designation DIACRYL 121. The synthesis of the dissymmetrical monomers of formula
(A) are of no particular problem to the person skilled in the art.
The monomers (a) of formula (A") are also well-known and result from the
conventional reaction of an aliphatic diol or a short-chain alkyleneglycol (with a
25 maximum of 8 carbon atoms in said chain) with at least one type of (meth)acrylic
derivative depending on whether it is desired to obtain monomers of formula (A") which
are symmetrical or dissymmetrical at their ends.
These monomers of type (a) generally intervene in the mixture to be
polymerised at a rate of 40 to 99 parts by weight for 100 parts by weight of the mixture
30 of monomers of type (a) and (b). If they intervene in a smaller amount, the

polymerisable composition has a tendency to retract during its polymerisation inducing



2 6 MAR 2003 WD 0U/ 19246 PCT/ US99/ 21484 16 case of a pol yoxza@lwé'ﬁp 3:ha| n
of nol ecul ar mass between b00 and 900 g.nmoli, or (y) - Z an rea
functions (-NHHCONH) - nis an integer defined in such a way that the
total nunber of carbon atons 5 contained in the |ong chain situated between
the two notwdgngeegnd Z', is between 18 and 112; and advardmgeovmsdy, I n the
case of a polyoxyal kyl ene chain, is between 24 and 1 12, and particularly
advantageously between 28 and 50 in thg case of a polyoxyalkylene of

nmol ecul ar d; 9 T jthe art

wi |l have un er&s??%ro Gr?lhoglg Qvfh gcphlﬂ %91( %S) FEQI{mnS]b eeéaggglg{e 8’%2‘? é)ln erein the
nunber of C@rdpomemfdhqsﬁn@rﬁsm ned in the long chain is equal to 50, may far

PN sore vy e auspiegt (e of forute @] S Foart gy il dToB0a o -

general | y 1%jkekie manoheal Sdil mesonehivenedhakone avriosd ofl@dss Rordobgeedunber  of
carbon atons in the Ion%@?haln of notif éR—Y)n R or (RY)n , correspond to

conpounds hémﬁf%mp&y %éﬁﬁ%BW/%ﬁ’eZ/ Hain (Y =S). In a particularly

advant ageous man dr b mul a ( B)
such as def ned gg[gszﬁﬁ%&nmﬁ?gp%é 83)“% 1%& )&l h@égﬁés%ﬁé;%@glgntg{ cal, are

met hyl radi €B) or (B9 andhy, 3heymaxtunas jte dprropaeyised actording tRthcaile®on ar e

hydrogen ang+ hé Iﬁgg &né\%@ Z' are urea functions (-NHCONH) and - R
represents an SRyl ene s pr'opyl ene group; - nis an integer equal to 13 or
19 whi ch defines emthextmdmonmrsbﬁasmﬁe foambm(’B)a@atdmtcﬂE) bet ween Z and Z' equal

to 28 or 40\/\/nen(R- nis ol yoxyet e chajn; nis an integer
equal t0%0 or 14 W%ﬂmﬁréf?ﬁg@%g?%‘?%& ﬁ??étr ai car bon atons between Z
and Z' equal to %;woné&emﬁaems&rﬁ—fe(ﬁrmld@"ﬂapedsy@iey,pr opyl ene chain; or nis

an integer between the |lower I t values (1.Q to 13) and upper I|mt val ues
(14 to 19) such a<rdu¥PEehonsyve) ofmeneners offHferent foryyiag Bliet hyl ene /

pol yoxypr opyl ene mrmupeamoamedsoﬁnmem&mn@%mé@ PCT/ Us99/ 21484 17
whi ch thus defines the nononers of type (b) of designation RUDI JEF 600 and

RUDI JEF 900 (seeQfPfBXfEsGaﬁ“}?P%x‘?dhoﬁRO@me%!fgﬁemni875@81@@[B/"éty when n has one
of the lQwer limt t n s one of
3 Y al s (ke m%g tgﬂ-l%xg')l ? i ve‘i ¥§%scté?i ﬂoﬂﬂzﬁlé‘

t he upper limt values bet ween and Z' are
carbamate f m@mcmgfbhmﬁldlemmae"fthﬂlﬂ(d):@ ind of fam@la®) @HNH- ) respectivel y,
and The monomers of type (b) which are long-chain alkenic difunctional
oligomers, said chain being a polyoxyalkylene or polymercaptoalkylene chain, even a
mixed chain, are obtained according to the conventional conditions of organic synthesis
20 by the reaction:
- between one or several derivatives having a functionality of the

alkenylisocyanate type, of formula I and/or II:

R, R'3
R v
R, (I: N=C=0 and/or R's (E—N:C:O
R2 Rlz
formula I formula II

in
which Ry, Ry, R3, R4, R'1, R, R'3 and R4 are such as defined above. According to a

25  preferred variant of the invention, the monomers of type (b) used are symmetrical at
their ends. In order to do this, a single type of alkenylisocyanate derivative (thus
formulae I and II are identical) is used. In a particularly advantageous way, a

vinylisocyanate derivative is used in which Ry=Rp=CHj (or R'j=R'2=CHj3), R3 (or



- R represents an ethylene group ; - (RY)n represents a long 2 6 MAR 2003
pol yoxyet hyl ene chain; - nis an integer equal to 13 or 19 which defines
the total nunber of carbon atons t o contained in the |ong chain situated
between the two notifs Z and Z' equal to 28 or 40; which thus define the
nmononer s ofwd ¢oaez6b) of designati on RUDI 600 and RUDI 30fcisseeniube Exanpl es
of FR 97 05458), when n=13 and n=19 respectively. It is nore particularly
preferred to inplenent the original hod of the invention wi th nononers

f b f Z
rea’ Funct) Badye fnisGprofgptfce) *}%ﬁrﬁﬁﬂo@o iy Hfd‘?%fhnth?@fg%ss&sf‘aeéq? Jed above.
The nonormer %o?rtxpén,y/p& ol heAFBELR.- dcyhdatee fdfeglﬁlellan def1BndBbX LHIRNRY. BE

polynerised at a fate of | to 60 parts by weight for 100 parts$ by wei ght  of
the mi xt ur eokgonreor{bhehtanastirany grid degiyativesiart pjeferfle ni xtures to be pol yneri sed

according to the in 2 nt ai al I ec i ndi cat ed,

ot her nononers in c%r%g&hng({ I gﬁ%&%}l{g&calw ﬁas aqon(%n}a]am Sadct()% r%ylﬂemﬁhd (b)

speci fi esl abow eithdrarcoipOundawiish Bysymaieglthl about inetefhiilufugctiohs aminelel s of type

(a) and (b), said m xtures can contain from1l to 60 parts by wei ght

(aflvatnt ggfo%?g%mfl Oto 54 part;ﬁby \rI]\IEI ghn] of a]E :ceastlone(zr:[))nomegI -

sel ecte rom ial %}hﬁlarm puch as ose of formul ae an

and dial Iyl phthal ate (f) ZSQE?\'/)ant ageously vinylic and allylic nonomers,

%ms

(met h) acryl i ¢ Abiecrfithiol pifgrmp 1%1331(30‘@9 Hiornula (E)) and mi xtures thereof .

added. the. per Sbre S TTag o EOPRE B N ko B3 oL R O ©

opt i m saot hmmmtceﬂwelnanHMB@mermfof éfalmlat B elintdinsgallyl syrometrieal ridans any case,

the total apount of omer:s [ tervene | osifion to be

pol ymeri sed ™30 18° Bgt% %@g‘}? %gh }g{r@tfs 42 %GRt 6t ﬁPﬂ’é’"H’E?‘%Pté

nmononer s of nitygee (a) and (b)) The vi nyllc nmononers of formula (CQ -

styrene andl O%obtlo& epp%}y?g intervene in conbination with the nononers)

of type (a) i %‘Eﬁlf‘the 2 6 MAR z003 WD 00l 19246

PCT/ US99121484 18 network. The intervention at this stage of styrene may be

particul arly advant ageous insofar as h| s.pol yneri sed conpound has a rat her

high refractive index (n = ci\ 55%7'0 Sa lﬁ—gl)yre 98%8“ trutes the

parti cullarly preferred conpognd of this class ofy nononer. The conpound of

formul a fD) consi sts of divinylbenzene (DVB) or s di (nmethylvinyl)benzene.

Di vi nyl benz éreedctor thes lpading to teayithesisrof fad oligdmeord dormatlagBf or nul a (D). The

intervention o e. reveal to be

advant ageous |L ?‘hon{p% E{g%?lg/lssasgﬁ i}ci{%grr%ag%bncll’?'nsor%&%nél?&mpa% a general nanner,

the effects of ntﬂngcpmmmurfnf&s)mdoﬂuna‘tmnmmz(ncz)lcoha;helnblemafrmm fuhctivaf albn of such

a conpound of fortnuls.égl)p h@g een not ab(%l E trated on.the. expression

of phot ochr SPRIN4teNS, PERE, ppysible: thesg Lompatads gna &g? aiging iofReT OSSR | nsof ar

:ims 6t1 ;n s z|tool m@mt mdct ﬁﬁmpm;adiﬂgamga of ik I(/&)I(mnimﬁg?ny ﬁﬁgyaﬁ{el dmctex hadex (n =
its intervention (s SO ial in at i eads to_an increase

in the refr&lf’f‘?‘vgsloﬁ(f‘é‘?’“iﬁ (Pt% ﬁ}/ﬁ\? gaﬁ‘il Z gpuphoentngions phERrett ure to be

pol ymeri sedpage@rding to the nethod of the invention also

+ said functions respectively being an epoxy function and an alcohol function or an
epoxy function and a thiol function, the compounds then being of formula
235
Hzc\—-—/CH—o— (R—Y),—R'— (OH)
o) or (SH) '

the reaction thus leading to the synthesis of said oligomers of formula (B").
In every case, R, R' Y and n are such as defined above; preferentially, Y is

30  oxygen (the long chain then being a polyoxyalkylene chain).



cont ai ns advant ageously at |east one conpound of fornula (E). QtﬁlﬁARa 2003
(meth)acrylic 15 nononmer such as defined above. It may al so be buty
pentyl, hexyl, heptyl, octyl or 2 ethyl hexyl (nmeth)acrylate or even
ethyltriglycol (neth)acrylate. 2 Ethyl hexyl methacrylate (EHMA) is the
preferred gaypmosyd of fornmula (E). The presence of this p¢ypesentiagsonpound
has reveal ed to be advantageous for the turning-out of the polynerised
material and for the inplementation ofjsfinishing treatnents of the 20

T LI Y, R S RSO TG A i Pl ot

nmechani cal ﬂfaﬁp&hﬂth am:esﬁémd apthe (R-iYe)l(;LRadntI\ReY)ntrhxhcal it sard/fennulmﬂ(BoB' Bhe

d d/ d/ | hal at
T ot oni | gatsged fo v deeeticatestedbudt 0 s buRava b e e ry S
it may reveald préfeloiaBy!seRiRiIcuRE ARt ABRREED 600 gintt] € HEI® @iol ast one

acrylic nmononer into the mxture of nononers to be | ymeri sed according to
the origfnal netAba@ ReticplRey aivABREsQYs WayaPRe %{cﬁey?rPlcmEWﬁé%rSYB’é‘ieﬁg’aat | east
trifunction .ons : three
doubl e bondglbn&dldeéa%ftt%%zgﬁg%ﬂ%loaa(%%gagggigrllegg&t%)r %rgaﬁgkﬁé?g(&%g%%%l ve
functions). Said nononer intervenes as a constituent nononer of the final
matri x but above ahl as an accel erator of the pre-polynerisation (step a)
and of the photogelifN_cationg(step c). 2 6 MAR; 2003_WD 00/t 9246

PCT/ US99I1 2 t484 19 | advint ageously sel ectedl f'rg pent aeryt hri tol
triacrylate, - pgar e % ef&a&bﬁRateZ'_ﬁéro at ekl gl ycer ol
triacrylate, 5 - trinmethylolpropane triacrylate,,r pelyrethane
triacrylate, - dipentaerythritol hexaacrylate , arfd advanhageously consists
of pentaerythritol triacrylate. Its intervention, in substitution, at |east
partial, of a difunctional acrylic 1o nononmer or in addition to a m xture
of acryl ic and/or methacrylic and/or _al kenﬁzisq nononers, inproves the

ki neti c90of mp\‘i high®s Ro R 1, d¥, Ra RuoBil- Ride Resd et A S&?fyaﬁjé‘ff@é apgyet(d f i nal
product . gl;ﬁéﬁi é sif g@mﬁ%ﬂ%&ﬂﬁ@&ﬁh@ﬁmfe%lé’ ARGdeaalal:QR: - B2RY RLRr|east

trifunction |c nononers, are nade to I ntervene at the rate of 2to 1
Q% advant ageﬂlmngi R4 =t B, 6%h etvyn merevgdivgitageouwsty R 1t 2R wefighandd =t he

mxture of EONQEEES_to. BenRRkYIR) S8HRAGEAE HyABeb ahd thel SNE MR n

isopropenyl group) and Y is such as defined above and advantageously consists of an

15  oxygen (X=0) and:
() ~-Zand Z' are carbamate functions of formula (-NH-CO-O-) and
(-O-CO-NH-) respectively;
- n is an integer defined in such a way that the total number of carbon atoms
contained in the long chain situated between the two motifs Z and Z', is between
20 18 and 112 ; and advantageously, in the case of a polyoxyalkylene chain, is
between 24 and 112 and particularly advantageously between 26 and 50 in the

case of a polyoxyalkylene of molecular mass between 600 and 900 g.moll;

or(B) - Z and Z' are  thiocarbamate  functions of  formula
(-NH-CO-S-) and (-S-CO-NH-) respectively
25 - n is an integer defined in such a way that the total number of carbon atoms

contained in the long chain situated between the two motifs Z and Z', is between
18 and 108 ; and advantageously, in the case of a polyoxyalkylene chain, is

between 24 and 108 and particularly advantageously between 28 and 46 in the



After having specified the nature of the nonomers which may cirebsmkﬁ mai n
constituent elenents of the piece prepared by the nethod of t

we now cone to the additives to be incorporated in the m xture of m)noners
in order on the 20 one hand to enable the polynerisation according to the

i nventi on e¢fodelisz4end on the other hand, in order to gi veqrhnssenhsiom c
properties to the prepared piece, if this is desired. The m xture of
nononmers to be pol ynerised according tjg the original nmethod of the

i nvention can t I ne

phot ochrornic coﬁ%?g(r%tp% lﬁ%@f&? a{&erp%qr@(gédg)ég{r%%gwrﬁeg%g(?%)rbdegrh?fgtems&t o the

pi eces prepar ed.; 25 Said colorant is advant ageously selected fromthe

spi roxazi nes and hr omenes r ation thereof) which are endowed
with phot oc?fr@ﬁ'cztaé‘g@g%rFﬂeé 95\‘; é?ﬁeﬁﬁmgr of photochronic colorants of
this type are destisisagsteger defuedlih ts@had Whe thanthe 3618 RAMBIEbLEAbdnyatévai | abl e.
Spi roxazi ne colorants which nmay_ be used within the context of t he present

30 inveniion haventagehmthe le&eehaa’e%te@%@aweﬁ thedwo mptidng and &, iabetwsep 172,

4,634, 767, 4, 6378964, Ilé Z@a%tagﬁ%uﬁ%GInQKgcasém?%Sp(ngZ(yalﬂyle%zcl%%ns
4,816, 584, 4, 831 142, 4,900, 9 4, 986

5,114, 621, 5, 139:etm¢n 25%3120@@ particplagly piyanpe@uipbeseen 2948l FOM|tS912 t
484 20 4,215,010 15,171, 63b, 5,
1 80, 524, 5, 166, ﬁ?%fgﬁgl?ﬁ’g&kéé“ app%‘“g‘?u eror oo ant ofl B 9. 0 232 295

and 0 171 909 andhblpeltdﬂ&skﬁttplm thatatt ovill kieAnderstd@ tRdtFonoila (B)einAigdaseccant ) . The
use of 1, 3-di hydro-3 | -1 - entyl 6' - (4 et hyl mno)5

spi ro-[ 34 - @ﬁaﬁw& @cgﬂm B%’{ 9 Spo a"lﬂdd%*ﬁl\fﬁ’ég q}éﬁhlst‘fﬂ‘é’ e of the
Spi roxazi nesy des ¢oriek lkge;vhﬁmappl [ catl on FR-A-2 738 248, are nost
particularly recommended within the context of the present invention.

Chronene col &eants which are usable within thegcontext of Fhe present
i nvention are_‘ desdtibed in fatents US-A-3, 561/, 6

4,889, 413,
4,931, 221, Ro 1875 086, §1r9:98, S50, C5MhKC ;- Ro6, 098,
4,980, 089, 5,130,05&%; and the application EP-A-0 562&91 —Sai d chronenes
may notably consi st of napht hopyrans. The use of

2, 2-bi s- (4" -nmet hoxyphenyl) -5, 6-di net hyl -[ 2H] - napht ho[ |, 2 b] pyran, is nost
particularly reqpiRadeda wtﬁéyefsoa QaIGOR iRt VAl hREurRE eS8 hai guvadty on.

Spi ropyran col orants which are also usable wthin the context of the

present 115 thavrinimabpalugsanepbionad| abovrenhich defige the pumber of cashgnatomsinthe
PHOTOCHROM 3} Gipyaii" vavemﬁqkt\g, K oTeﬁmy quec%rre;pmgﬂ%nc%ﬁl buds Vﬁabﬁg a

| nt ersci ence - Vol . P tey | Pages 45-

Bert el son. polmmaMmSRhmn(IVb?&ul es & Systems - Edlted by H D| irr - H
Houas- Laurent - i 3] 4- 455 -
R 20 Guglienetti. %%eﬁ{u 2%?}'1%%%% nnéheasugm %@‘ﬁ?f&ﬁ% t)éPr (%?ﬁ%vgr%)orat ed
herei n by rgémraefwaulam)esuc}naseieﬁmdtabm1mfwhwhher phot ochrom ¢ col orants such
as ful gi e, not, exclyuded within t present i nvention.
The i nt égven 0%2’81%13361§|R(%(é€°f1ﬁ£ea aé%ﬁ‘ﬁ@’?’l & ’c%l Xﬁn%%m}fs( a%IISOP rp?Pe"fyie”ed

wi thin 25 t haical9 Ry and RQfard Hydroperemdnt i nvention. It has been i ndi cat ed that
the m xtures to be_pol yneri sed accordin he i nvention which are

i nt ended for étaf“ké aée'ﬂ'ﬁ%g‘B?f}?f‘%{wﬂb'(g?é@e adsnecially a lens, contain an
ef fective amqeﬁregﬁts@hedhﬂaﬁéor%y@h@ groghir om ¢ colorant. It is in fact
frequent, within the context of the resent invention, to nake a

conbi nat i on- &1 FAONISESHGHR 103G Fol Sorhisk Sefins e (i aumppn pf eaonattmb!

obt ai ni ng apahiedl 7 bt Aiefhal ldnd Hei0dal TRAT, Mokl ik &AL gyt of
particularly preferred odiments of thé invention, the Interveni ng

phot ochr oni otéget ¢®al tedﬁmr i1 4 which delonebia teteli ramberf Of@hlrbgnewee bevepmiantul arly
gh?o%ﬁegog g‘l e%luf or 491_ vD]hlé§ %ﬁl% §% p%iyo&yp%}%}ieng th&f ”91! rrxlal’g 'ax? I?nt'egsert hat of

2- (p-di net h}aétmmthahml 1imi® v4lpaa( O ox YPhead wipperFimie vidyés- (14 e dPymichaxy- [ 2H] - na
pht ho-[ 1, 2-

et b ARy FBaye SR B BT S S L KRR B an. Thi s

conmbi nation all ows obtaining an interesting grey col our.




5 By way of reference and in no way limting, it is herein |n2 a@ﬁg(jﬂﬁ?t
sai d photochrom c colorants generally intervene in the m xtur t

pol ynmeri sed (and those whi ch have been pol ynerised) of the invention at a
rate of 0.01 to 1 % by wei ght, advantageously at a rate of 0.05 to 0.5% by
wei ght wit Ryggpeest to the total weight of nononers. Sai gcfos0hfEs s may

t hensel ves al so very well contain a polyrnerisable and/or cross-Iinkable
reactive group in their chem cal formuja as well. They i ntervene thensel ves
then as co- 1 ﬁg{}dﬁ

chem cally %ﬂ%&ﬁ ssde'ﬁ.ﬂe ‘ﬁﬁétf%gft[kg @fo@éﬁé&@f I 0 yndg:lﬁﬂés{e{ X

conposi t i on JEESH@(sa¢ thy ,Exbxhpieqomeﬁﬂe%? oF458Y, eespmueeriy wben c hancme of thedower

phot ochrom(f col rant oupd. to th The m><(ture of

P oomer's 1 b g ysBies Pt 18 80 1 SRES b e b 0 o Bl e B St B or e

t he i npl erre%meb,pmmdlstlmmsageand/ or only before the inplenentation of step
c (see above), the effective ampunts of thermal catal ysts) and

phot oi ni i at ar(©s¥.2nhZ<w¢ earbrenste fugcsions offoraulas sNRC - Q0@ndst type and a sol e
addi tive of (1hpp? gn&bgytloég,laﬁ&or type may generally intervene. The thernal
catal yst is genera used at the rate of 0.01 to 1 % by weight, preferably
from 0. 05 tomreﬁ%@jsm@ﬂghmgmﬁpthe weli ght of the nmonomers present. The

t hermal cat al Vv . towards photochroni c col orants)

optionally pr(ﬂ%@ﬂ%§ %)%fﬁgéjﬁra?/ "gﬁl"é | 5 optionally selected fromthe

di azo conpounds. an‘lihega eaﬁalaﬁ)rrﬁcwrleswlac}edéfmm tHeaotat awhbe ofetrdom atvkas| | ed 1 n

the art and are cg aval abl e. 0_conpounds
are azobi’si SEMEPSA eth’i‘g Cé‘a /ﬁ}tm bebwesn ﬁ‘iﬂggg? %@WB@F@?% i°f #5:1 e) (AVBN) ,
and 2, 2' - az aigh( BusidefinéaleidnomleRQTitygel (bEf c(eei@;\é{\l)on RUDI 6boraaa ®umrgopcul arl'y
recormended to inplenent the nethod of the invention in the presence of the

latter di azdsee les of iR AT 05468) rwhema=kired ac b epestivaly-a t her mal cat al yst
or in the presencg @fm&@e,mkewm@w pRIGRHA o Qlnpleinent EheV\Q}rQn‘\jdl hfr&mzieomeessar y to
carry out the thermal pre-polynerisation and final thermal polymerisation
at hi gher t énysationt witlemongroers @pw\@mpbpménfbwpemh@mulz (B) s mo@schD 00/ 1 9246
PCT/ US99 21 2 A 0 0 nce of too
gr eat an{ am)%ﬁénlg %‘F {n% &]tsﬁhanﬁ lggg}ceevgﬁsh o?r%ﬁegse(lftyﬁ (%,) aPsJS elal%‘E&)Ee&'gener at ed,
this excess of frfélmmerd)nmtslaftypndl)@myalbz mtelsfbnmntheomxmfre mftmpplymbmulr om ¢

I f the final
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pol yrmeri sat Ioﬁ@p&@}aﬁﬂ(ﬁb}) accel erate and becone di ffl cuIt to control The
person skilled in_the. art ha}ee nto |ate n.the li of the above
i ndi cations, and GiSERFHIES o Je PRSI l"‘co ng f n’ﬂ)‘f‘?ﬁ'i‘%“ ésféﬁl?er t he

effective am&hSastaﬁead@tzmmeoma rﬁtﬂﬁﬂxeﬁsaﬁ eomtﬁneni@hwmvﬁaim&nmmdiffl er may
advant ageousl vy I nt ervene, manner known per se, in conbination with

sai d t her ma/YRe&PANG &) speﬂflﬂ#ﬁ@VﬁoW ¢ pastg oy b"’ﬁ‘g#b‘&ﬁ“ﬂf‘r BPOYe Abpenamersioft er venes
at a maxi MURLQNA0th) Ahiditiktures can contain from 1 to 60 parts by weight (advantageously

from 10 to 50 parts by weight) of at least one monomer selected from the alkenic

monomers (such as those of formulae (C ) and (D) and diallylphthalate (f)),
25  advantageously vinylic and allylic monomers, (meth)acrylic monomers (such as those
of formula (E)) and mixtures thereof. In light of the effects sought-after, when these
types of monomer are added, the person skilled in the art will know how to determine
and optimise the intervening amounts of each type of said monomer (in any case, the
total amount of said monomer(s) which intervene in the composition to be polymerised

30 is between 1 to 60 parts by weight of the mixture of monomers of type (a) and (b)).
The vinylic monomers of formula (C) - styrene and/or methylstyrene -

intervene in combination with the monomer(s) of type (a) in order to loosen the



by weight, advantageously at the rate of 0.01 to 2 % by weight,? ¢f MARe2003
wei ght of the nononers to be co-polynerised. It is noted here that 1t 1Is
possible to do away with the presence of such a polynerisation nodifier in
the hypothesis in which the piece is prepared under a reduced thickness
(e<2.0 M wd sbbidks hypothesis, the problenms of the 15 eyacyabhr@sy of heat
are not conme up against ... For the preparation of a resin of the invention
havi ng a thickness greater than 2.0 g the presence of a polynerisation
nodifier in the appunts indicated abo is generally, ortune. It is

i ghl v advi BEHOUG APh SRR 55 U6 PRt S EHaIaE GhPEHE B SUFRABCES ed above
since the glmesfsr iy @RJolynfsddesiRPoatdIif OfathehBigheéfRkiial inp6heEa* edoheconmes t oo
low. It is highly reconmended for the ZMreparati on of a piece of

t hi ckness bé@l&é@wnawstéﬂﬁstéepﬁﬁﬁ'fulérlm?fy qogperskpiiyeiclassef meBeR®ENnt of about
| .2% It has beefngs hdads theutoley abhdidit Yora Qe KeRIEg ,Ki neti cs
of the phot ochrom’é pilg%éls (especiual I(y_yl ensles)0 preb‘ggbggggic@;vcﬁ—}na}(to t he

i nventi of i di¢methgwinyhiehzenpeDavimylhenzest ipdhey petticdarlyi prefensdi dompoundhpt h
intervenes. .l n ¢ e, way.. n i S anmount es t he nechani cal

Fesi ot ance [orere 0L ISR o AT ekt oBe ARG (O Flimy tg VR 2
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t he photochrom c col orants), optional resent duri t he pol ynerij sation
and/ or fshouf’gmﬁo"to‘ﬁpﬂ_ _03 fﬂ?@h‘b? é'{h%&‘%negimpﬁ‘ét_‘%‘fg%cgla emopad gian. ~Said
pol ymer i sat f@iuldo@)f h@r bdeh /AN liBRIBRAUEY o tHRaAbiprdsiiBN SIrephordfidimic Sai d
chain transfer agent can be a 30 non-hal ogenated chain transfer agent such
as a | i ikar Prap®tsie Withirefereaee tpdiyinyihenzepe. dosefangd thisprlymeripdtemasnsd laol  may be
cited as an, ?Qfmgqliéﬁfreﬁ’aclﬁl/@ﬁlﬁéx @I__k@_@?)’ Et?':nQJrveW*i&thﬁﬁsotB%hé}ﬁiaﬁ dhdi9:. It 1s
not excluded to use other types of chdin transter agents such as al kane 2
6 MAR 2003 ®is00Al Benese RO udeoirinds of hephliymess of thestventigned wit h at | east
one aryl or alkylnradical. or i S .. l..1 hese.c aunds ar.e fam|liar
to the person skirrlhiegﬂhﬁ% % %’8 péﬂp%ﬁ%gﬂg%%duépﬁl%? &egﬁopf&)%ﬂw&gﬁ’%@sqt has
been seen pemtdisusivintigeaisiywitatasy ene tdnepound b feemblat(Eprit waa (Agth)aadlid he met hod

of the ipvention, the photqinitiator i ntervenes) characteristjcally in a
it a5 e shobas Bofed aBeve! Rt 5= Bhh Shsy heaSh ot e Sper - 100
parts by wekthylhexpfimbthRciiaxd ur e opf noONEr s cigIthgyNmeimidyaad. | t20or they
advant ageousl y in erven?s) in an anmpunt between 0. 002 an 0.009@&2”5 by
wei ght . Bel Biyheryamethaceyiate, (EBMboiti the pyeisied rampquad qft ormwa; Gy Brgent ed i n

step C, evVepreidcesSéiaRis Bpe ©RBorRthid RE fehehafell €41bd advRnthgBBhEMIE te wAGNE: this, and

the problens of the photochem cal polynerisation 1o techniques of the prior
art are conef thp palymprised matgsial ang) for figdmplepentptianoef fipishingardaymantstaftheenes. |t
may espegi ajlliy be sel ected fromacyl oxides and diacyl phosphi ne oxides. It
advant ageously consi sts of a diacyl phosphine oxide. It is incidentally
noted that the i riinadly.athe melymensableeompesitioptnhaynesintain Giallplphtbatatatwdtichon of t he
phot ochem ¢ [ L y:0er . : |ifj.cation

obvi ously dg‘%%bg%gﬁ"g‘gﬁx J?ﬁglgvi}gebg?%r?g%r %tnn%tof ﬁgeal %@&%@%‘%ﬁggﬁpp %rhees'i rradi ation,
and upon t he shape saendfiddebotd)ittelkimessntwh of e csinpbuirde of forinelagll)yapdeoi sed, upon

general |y stneRBn ol aPhRaREd op atfRfonl b et Rullabe ™ 1S

i mpl enens edadvafitageds. 20 phot ogelification through the surface of at |east
one of the walls of the nmould. It _is not excluded fromthe context of the
present inventi o PR ¥anay meverlye Re Sxtemelypdyaniaceosip inttreene gt least oBRddi ti ves
for the i NPAeARNLEIIRP ith B tRGRRIMER! to B! poiyRichisal ARBrdlngliE e, and
optionally step a). The method of the invention, "as described above under
its method erginamethed of thelinventigie 83id agHioenomer beingatdeastirifinstioral 6. carri ed
out, is nor 1 cul [ d -he . i ' j eces of
optical qua ?Stpé;,glh%ﬁdg l%{ssi)g}g?é;lr‘%ag@ e(glgnéé(?}gf ﬁ&e}gtp f\tlfogklﬁglgbsng%f %\iﬁ@%ﬁ’ TS bet ween
0.2 and 320 posses#isg itmeki otsedreactive Hendtings) oSkt tonemarfintetvengsrae siemhstingxt , t he

field of applicati 0, he nmet hod of .the invention . is not linited, with
et er ence. ¢ Bl el g Boy? o ¥ By R -3 P BHE R Rhese. of
whi ch i s f o(stepxpad of tHeiphiblogelificariodQstp ¢y . I n this, the method of the
invention is particularly interesting. ~ 6 MAR 2003 WD 00/ 19246

PCT/ US99/ 21484 24 It has been seen above that the m xture of nononmers to be

pol yneri sed according to the nethod of the invention advantageously
conprises at |east one acrylic




mononmer which is at least trifunctional. The use of this type gf
for the preparation of organic pieces of 5 optical quality and egmzﬁ@
organic lenses is totally innovative. Thus, such organic pieces, obtained
by radi cal polynerisation of a m xture of nonomers containing at |east one
such monongoaibizh i s at least trifunctional, are novel gRGGaneds tute
anot her object of the present invention. Said organic pieces, novel per se,
are advant ageously prepared accordi ng 1o t he net hod descri bed above, which
constitutes the fi.rst object o t hé present invention. It is not

excl uded to obt ailﬂs?émvé’?ﬁa%e)?uéyﬁ%cﬁggm&' pol yneri sation of the prior art

whi ch is purely thepgidendliritpiufishplatphot ochem cal . According to its | ast

obj ect, the present invention relates to original polynerisable

conmposi tions whi ch- Bfeacapiirdokieiraaeriiate; t ut e the starting product, on which
the nmethod of the Lpgyvgakifl dveRttanyageously inplemented, in order to
obtain organic 15 pleces of optical quality and especially organic |enses.
Sai d conpositions atamethydolonopane tiiastylasd.r eady, mi xtures of radically

pol ynmeri sabl e nonon . i.q.. 0 res optionally contain at |east one

phot ochrom c col or gﬁéél?ur?ﬁ%{fqﬁégﬁ%% of the type of the conpositions

accordi ng to US- A- bdipeitaddytiritbliiexadoptanct eri stically, they contain at nost

0. 009 parts hy.weight (advantageously 0.002 to 0.009 parts by weight), per
100 20 part¥® 69"%&%%&%&8?“%% ?ry%g‘f’?"e\tg’alc’é’ii’éer one photoinitiator.

Char act eri sti cal iy, infehejtidi)in ahbingion! ai Radtpa@AShf @an@fvnb@maBbergat al yst for
t he subsequent inplenentation of the prepglynerisation step, when it is a
case of & tHERMET 95rB-3HEEoRE? 2sAPF B CARarYHE apdier ethacrrlin gnd/oralkenyl

pol yner i sat j,gfbmerd) ithfeveMROkiaRS o bélyMblisitiord. Mo liftrddaifle bl adiddfin

i npl enentation of the nethod of the invention. 25 They are "advant ageously
of the typethofinalipeodseinpositi ons according to FR A-2, 762, 845 and
characteristicall 0 i t . LC no havi ng at

| east three r eactdlé\r}%ergl?yd Flt%tﬁ@%eﬁésfﬁflg \t;hﬁl?’gl%résgﬁ‘%’ ?/ﬁ @ EtlrlgaeSt E@unscggrgall 302%“1 ve

functi ons) . mGueters argpoxietto dmaveniak therats o6 to &t calvintageasiynetd Salidye

ronomer 1% of wEgevi(ls ©g e Gk BRETEPE PR i RrabRtand Hortual (& ) as
defined aboeirnventiod. 6 MAR ?. aD~ WO 00/t9246 PCT/US99121494 25 - at | east
(B, (B and ( BATPRERg pRaaedBE otk ofhy mongmer Al BHGBEYE MEononer
havi ng at | gaSkudndcReh® E ithe/ SiedcUptepdredBy the MdNANfaEE MehtonS Veafowed from
the group consisting in: + pentaerythritol triacrylate, + pentaerythritol
tetraacryl atme P the et i briingrperaieg in theimixiug efironomets inrpsden pn dhepr opane
triacryhat eynelfind1oRAbME e pBRRRrilHibRGCBIdHeG0 tE ifVeREEH &L, ¥hd6d thObther
hexaacryl ate. Such conpositions are able to further contain at |east one
monomer sel bantddy ofdenin giveephgiogrpmisameriertiep Hthe preparedpiecspifithiseis desiréd.t ype (),
of formula (C) ( : < . g% mul a (D)
(see above) ; - tslﬁlg I&n%%?efr%oné'?e?;%g&f@?a{gg ?nggh*gg?ﬁ% glggﬁig%%\r/e) ;-

t he di al | yl pithdimiverttion caretherafooyentain an effective amount of at least one photochromic

colorant, in order to give photochromic properties to the pieces prepared.

25 Said colorant is advantageously selected from the spiroxazines and the
chromenes (or a combination thereof) which are endowed with photochromic
properties. A large number of photochromic colorants of this type are described in the
literature and are commercially available.

Spiroxazine colorants which may be used within the context of the present

30 invention have notably been described in the patents US-A-3,562,172, 4,634,767,
4,637,968, 4,720,547, 4,756,973, 4,785,097, 4,792,224, 4,816,584, 4,831,142,
4,909,963, 4,931,219, 4,936,995, 4,986,934, 5,114,621, 5,139,707, 5,233,038,



They advant ageously contain - at |east one etifunctional rmnoze&,M@?]adee
(a), or formula (A), as defined 20 above ; - at |east one difantt
nmononer, of type (b), of formula (B), as defined above ; - at |east one
acrylic nmononmer having at |east three reactive functions, advantageously

sel ect ed f rnpgydilogsdr oup consisting in: 25 + pentaerythrip@pydobhags yl ate, +
pentaerythritol tetraacrylate, + propoxylated glycerol triacrylate, +

trirnethyl ol propane triacrylate, + polyurethane triacrylate, 30 +

di pent aer yt [, h I s t ro ' I yi i,C nmononer
of formila ?153‘5’8{04 ERRE B % BraLER AR éﬁ&%ﬁ?zg’éc Z4so0m asa
I n which R 536684 [©BH3he satnd ahplicatiphd CERvAnOOESORAYIANt Ag23USI9 amhsi sting
of divinylb - and,5 - at.leas crylic mononer of formula
(E) CHZ - O?%?FE‘ ‘“ﬁhﬁaﬂﬂ%ﬁc?wn%%i}‘ﬁoﬂgz%%%§ﬂﬁﬁcq@' a straight or
branched al kyl ragieCak dfay,B-aghydrot13-tifncadI-PABpRAQNE-(4'EN,No@Eth PR iAd)-

substituted benZéI .or phenoxyethyl radical or a polyethoxy group of fornula
- ( CH2- cH2- opmir:[2Hringdpleck?'AHmaphthol2 A il éhlongaingwend the ssof 11y wpitaxarnes| 0 - CH3
or CzHs ;  sgidilaehvhd Ghyildafor RRAB! 758040 Spatti I 3L

2et hyt hexyl rréstgﬂacryl at e?yTFa\emingvent i on, uh er&?t sﬁﬁﬁl@?ﬁﬁeﬁ%dngg%lgg S, IS

i | | ustrat edwithinEseaawptertsof the préset inveném. t 0o 4 below. Its interest reverts to

t he consi derati on.,of sai

d,Examl,es and t he ative EX les 1 and 2. t
5 M s o o E et Ruph, B pohE, R hF i AL IR, Rttt hoy
contain a I(mwemnmwﬁé r?fabphm&ﬂtihqiamh)s Hsex-p,_esumsr,i4?83d,4a_@,c49,9;li,ng, to thg
i nventi on risatjon + to C pal y i satiaon) in order
to obtailf o%ég‘ﬁfg p@ﬁgé@eé%&g@g&:&sggf) mgﬁg%h@%ﬁoroﬁ?mr@ a5t one
acryl i c nonggpicatthiEPha 0S62135. 8@idichiofehddmedyin0RBly consst biphthefytdnBlg M xture) .
20 Preparation of the urea-ended difunctional oligonmer of t &b) In a
T a

: ! ype
t her nost at ed gl asker el off edurbiptmathoryrhenyhetéré *é’ll'lz}H'I@Phtgq{b
nitrogen pu | I | r ookt ed with
stirring BOB&Smg’P gﬁ%&%ﬁgﬂ%ﬂ%rﬁgd%%ggldf %%P?? fg{)%yégt hytlr}gﬁ}%)%?sgﬁrﬁﬂgﬁ% "aver age
nmol ecul ar mass 2,3pdapyrén eniorphin whichrardGappusablgrwithin the context of the present

15  invention are notably described in the following texts:
. PHOTOCHROMISM G. Brown, Editor - Techniques of Chemistry - Wiley
Interscience - Vol. III - 1971 - Chapter IIl - Pages 45-294 - R.C. Bertelson.
. PHOTOCHROMISM - Molecules & Systems - Edited by H. Diirr - H.
Bouas-Laurent - Elsevier 1990 - Chapter 8 : Spiropyrans - Pages 314-455 - R.
20 Gugliemetti.
The teachings in all these documents are incorporated herein by reference.
The intervention of other photochromic colorants such as fulgides are not
excluded within the context of the present invention.
The intervention of spiroxazines and/or chromenes is largely preferred within
25  the context of the present invention.
It has been indicated that the mixtures to be polymerised according to the
invention which are intended for generating a photochromic piece, especially a lens,

contain an effective amount of at least one photochromic colorant. It is in fact frequent,

within the context of the present invention, to make a combination of photochromic
30 colorants intervene, with the aim of obtaining a specific tint in the darkened state.
Within the context of particularly preferred embodiments of the invention, the

intervening photochromic filler comprises a combination of chromenes. A particularly



25 0.075 g of nethoxyphenol. Wen the JEFFAM NE has nelted (honnpwmlksgnm
m xture) , 700 g of JEFFAMLNE ED600 (pol y(oxyethyl ene)di am ne of ™ averag

nol ecul ar mass 613) de Hunstman Corp. are added. The tenperature of the

m xture is brought to 30C, and 764 g of benzyl 30 nmethacrylate are then
added. Theywgigshdahe 1S cooled to 20C, and 528 g of 3 2 perMaRL94893 VO

00/ 19246 PCT/ 11S99/2 i 484 27 isopropenyl -a, a-di net hyl benzyl i socyanat e
(mTM from Q/tec) are then added slowiy with vi gorous stirring. The

ur ea- ended di a oI| h). 4 obt ai ne ichis
ready to beprﬁﬁfeFﬁ 8(%{“ iPAgn i 8 %{Tﬁ ?‘r%r}r%gﬁglg’g ajﬁ@"&1 @Ylalgﬁlaplﬁend%gq%i ch can

i ntervene |metao>@9h¢n|5mr5uﬁabyla %mﬂiamsx)t-mi]-nhmﬂhe 1ob]yyean i Segshdaccoqpli ng to the
5 invention. The dct otalnedjn | u n_in benzyl nethacrylate is
desi gnat ed B§h ?% B‘ (m"rﬁlﬁﬁ‘lﬂﬁi}&'r@ plelP yrae}ngh@fco B8 npounds t 0
Diacryl | Zkl}oﬁgg@ﬁ%mwg@gﬁg spbghol A dinmethacrylate : difunctional
nononmer of type ( . benzyl nmethacrylate DVB : divinyl benzene EHVA :

et hyl hexy| net hac |B)YI ‘m}’eOflISfeFﬂEq%and inenet wesr ljmnking ivlis herpingnditatadethmimid:

above - i 1eeeonty lipAREERTID otvelt 1 Byt os bRy dfRC ! Dec

bis(2,4,6- tmosmvmg}i laee baey pplyplessed) phtbsplhéntien 7 dateAIDNL: to 1% by weight,

22'-azob|s t hyl per itricl 20 CRAQ . .
2-(p-di met H %ﬂzﬁfﬁ %’s@h% ‘)e-";b?g-t?rééfﬁe’éyﬁﬂé ‘Y‘ﬁ‘-%@?%ﬂ?ﬂe— 913 W5iehtethoxy [ 2H na
pht ho[ 1, 2- lh])rp))ﬁ{e&ﬂ CR59 :
3-(p- nmet hoxyphenyl ) - 3- phenyl - 6 nor pho) i no- 3H- napht ho-[ 2, 1- b] pyran, Ruby Red
3- phed§l - 3- (4 Ysﬁﬁ dfelor S aPhERYTY Veéai%l”ﬁ'lﬂi(ﬂ"i rWHQH%aﬂWPWa%‘IE and/oy] pyran.

2s Exanpl e do@inkiP RO YR hNel cheMIchl FRmbR Wl%ﬂeri'h%fqnteﬁeri]c 1
t hernost ated gl ass reactor "equi pped with a stirrer, a thernoneter and a
ni trogen pulbgaselves thasaeiceo-WORIMED ify thet minme to penpelpheripedsdgthey a@RAQ,
0. 0536 g of 0, t her nal
it at o P PSuRBE OB e ik SOTaY Bmerel doftpiu bRy,
phot oi ni t i athopiecds of deiimahtignoloytamrtheaphiotaehrogrecolatare() free & WOUMAR the WO
OO’t92A§ PCT/ US99/ 2t 484 28 The m xture thus obtained is maintained with
stirring up P#8% he total dissolution of the conmpounds at 25C.

The mixture of monomers to be polymerised according to the invention also

contain, before the implementation of step a and/or only before the implementation of
step ¢ (see above), the effective amounts of thermal catalyst(s) and photoinitiator(s).
A sole additive of the thermal catalyst type and a sole additive of the
20 photoinitiator type may generally intervene.

The thermal catalyst is generally used at the rate of 0.01 to 1% by weight,
preferably from 0.05 to 0.5% by weight, of the weight of the monomers present. The
thermal catalyst must obviously be "inert" towards photochromic colorant(s) optionally
present. The thermal catalyst is optionally selected from the diazo compounds. These

25  compounds are familiar to the person skilled in the art and are commercially available.
Examples of such diazo compounds are azobisisobutyronitrile (AIBN), 2,2'-azobis(2-
methylbutyronitrile}( AMBN), and 2,2’-azobis(2,4-dimethylvaleonitrile) (ADVN). It is
more particularly recommended to implement the method of the invention in the
presence of the latter diazo compound : ADVN.

30 In the absence of such a thermal catalyst or in the presence of too low an
amount of it, it would become necessary to carry out the thermal pre-polymerisation

and final thermal polymerisation at higher temperatures and this would render the



345.6 g of mononer of reference JEFF/ BzMA, 338.4 g of Diacryl 32, MRR& 0%
of EHVA, 40 g of PETA and 4 g of NDM are then added. 5 The m xture is
mai ntained with stirring and under nitrogen purge for about 30 m nutes at
anbi ent terrperature. (3) Thermal pre-polynerisation. The tenperature is

t hen nai nt g 46C until a partially polynmerised syrpdyudsbXiusy € i S
obt ai ned Wmch as a viscosity of 0.4 Pa.s. (about 35 mn). t o At this
stage, the reaction is stopped by coolf,bng the reaction mxture to 20C and
bubbl i ng dr m nyt Th ture (the re us obt ai ned

i s then purr%%&lo&ﬁifflﬁc?lfva%oﬁ’g 'h‘(LJinEi ci[f,lltculll?lee %otgﬁeagfm ?IP?‘?@ ?S‘?ta]é( Bott 2 hours.
y) Phot ogel éxctssadfi fee rddlc’élsTtha)S bé @Snetatéds thib eiRcd3® W eftbei fallivala ihdwding Ul d
constituted of a nould aF gl.ass, counter-noul d having a curved edge of

about 87 rmdeaiertign pichy Bhof 9°h5qmlf ifPloKEEsontiogallynpreseRls 304 @pisretasatedyys
pr epar ed arﬁuEg_dgeaf ﬁfepmqnétalai hﬁa hﬁsgm&exoﬁypfo h'e!9£ eﬁeeﬁﬁé-p&yma%aﬁ&r bid ant 2840

from Mazda nVcn2 to 0 run) he resin gelifies, i.e

about 155t opctmnqﬁswOmamﬁmermmmr@%dlff@hh tofestrelssembl i es are t hen
pl aced in an ove 0 r from 25
to 50Cin 5 h anzrh?ﬁengg %61?#15%?1‘[?05@%% va% %F%ec f1|9%h ?{@tg’f% Abﬁget eau at

95C of 2 h. indititeons,aod tspeciaiy of tiealatungof thémeommm }ﬂ&ean; the effeativel amulntsof their
nmoul ds and | nspected visual ly. .The, samp ar.e ol l owi ng this method
oF 'the | nveliiTBTeoR SBUCSHRE, A poly s S e aeh Birenagonlydutdeta it on,
cords, fi SSahinkii@r known3Rr se, & GriMrAfor?ORBsatheaaPZedys9 Exanples 1 bis and 1

ter a.) Preparation of the m xtures to be pol ynerised. PCT/U899/21484 All
t her nostit ed gl adge pelypesptigmedie@engrally 1&“@’?‘?‘?‘ A3 maMuRSORSHEf st and 5 a

ni trogen puO&eibR, ARARGEEWEL Bt the rate of 0.01 to 2 % by weight, of the weight of the

monomers to be co-polymerised. It is noted here that it is possible to do away with the

U

presence of such a polymerisation medifier in the hypothesis in which the piece is
prepared under a reduced thickness (e<2.0 mm). In this hypothesis, the problems of the
15  evacuation of heat are not come up against ... For the preparation of a resin of the
invention having a thickness greater than 2.0 mm, the presence of a polymerisation
modifier in the amounts indicated above is generally opportune. It is highly advised
against going over the maximal content of 5% indicated above since the glass transition
temperature of the material prepared becomes too low. It is highly recommended for the
20  preparation of a piece of thickness between 1.5 and 20 mm, a polymerisation modifier
content of about 1.2%. It has been noted that the colorability and the darkening kinetics
of the photochromic pieces (especially lenses) prepared according to the invention
increase with the amount of polymerisation modifier which intervenes. In the same
way, when this amount goes up, the mechanical resistance increases and the optical
25  qualities improves ...

It is obviously appropriate that said polymerisation modifier should not
destroy the photochromic colorant(s) optionally present during the polymerisation
and/or should not induce a discoloration of the material on its own. Said polymerisation
modifier is advantageously a chain transfer agent. Said chain transfer agent can be a

30 non-halogenated chain transfer agent such as a linear alkane thiol or bis-mercapto-ethyl
ether. Dodecanethiol may be cited as an example of a linear alkane thiol without being

limiting. It is not excluded to use other types of chain transfer agents such as alkane



for Examle 1 bisfor Examle 1 ter338.4g of JEFF/ BzMA338. 4g of M} 2003
JEFF/ BzMA33l . 2g of Diacryl 121331.2g of Diacryl 12190.4g of DVBQg.ngTA

DVB39. 2g of PETA39. 2g of PETAO. 456g of CR490.352g of CR490.0536 g of CR590.
| 2g of CR590. 0832g of Ruby Red4g of NDM4Ag of NDMD. 072g of Irgacure

8190. 0729 Wb ebh@acur e 81 92. 08of ADVN2. 08g of ADVN The mipg¢iruseidsys obt ai ned
is maintained with stirring up to the total dissolution ofthe conpounds at

25C. 10 The said mixture is then nmainj |ned with stirring and under

or - pol yrmoria B A0F Vol AT Hhe sﬁfﬁ. o) Falied SRR, Al et "l

These succ&smpmmdgmelfmxlmnst}ﬁrpersmdﬂanﬂadcmthem ahdiars eorsiciallpecilpplevi ousl y in
Exanpl e 1. The sanpl|es prepared. fqll.ow this.nmet hod of the i entlon
(grey sanples for nlgil"ésﬁ’ﬁ P sen geyiou ¥8\%wgzg%f@§“?‘BlFm8’§?ﬁtfPﬂlvé“?‘ft8 $ehossess no
visi bl e opth&iald sHefeastention, heGhMBRIZANG) WR-AAIEPIABREINSAA h1A8A130 Exanpl e
2 The operations are identical to those described previously in Exanple I,
except for agwoep : (lessythagforsapalita0-Q0Rariaby pisisfhiper Watnagh bapveighrof the

(pre-poly ? A§E ity LIRS % I

phot opol yge%l?(t?g%?fgﬂangtﬁ%%q 65%05@68?1&1 er tyo do 1?‘?9 mﬁ slga?eact or is
subj ect ed tagoant] batwernu® 062 and @rOiogl paets |bmgW¢1glunﬁﬁlouotlmdh¢1mh®tu¢iwnimhi ch ar e

i dentical to,thos r|be n he cedin

The. par t1 alYTROTURBIP EGTETPERGY i sPhFee R i & TrSbe P g P s s
obt ai ned afifnplemaitt. X406 Lthie, hhdfﬁh@fpr(&ﬂ)@hﬁ oBQhemphUﬂoel&nﬁctal rolynesisatiopnper at ur e.
to The opera ions at follow are identical as that described in Exanple 1.
The | en¥est PSS &E ths Pk art 25¢ FRRRNP 38R18SY r ee from defects. Exanple 3 Carried
out in the same Wayndsld RkoitlBR6r fdedily @R 1emdy Qéfkﬁﬂly Eehé‘é‘lec{ebe 15
photoinitiator | RGACURE 819 is introduced in tw lots as | ows 0.032 g of
| RGACURE 8If@ﬂbr@FX} gxides| au slipcylphosphing gxddsst §r aqiwn@gmﬁlyt@neﬁamfeat he
partial photpaglMBRRL Sadd on of the mixture as indicated in Exanple 2. The
remai nder, ?.9]8 H% of | RGACURE 819 is added to the partially

pol yner i sed syr upylthxmgxdentélupmteéoml}ﬂ ethe onradiatien djmg Jo) the dptiendlenses
obt ai ned b I g i i ects Exarrple 4
The opegat¥ohﬁh5@éﬁq%de%f?lt§%l % C%ﬁ%{scgl d rg%rq B’gggafgﬁﬁ Ex(‘ggl(l ﬁ'%I 6 o0 except t hat

t he t her nalphprogqblﬁeartlosad;hvmusly ndepemit opan ﬂvE')VM;velesgth Mndotﬂucetdngt&tﬁr thehe parti al
25 phot opol sane, ti as .t he, r rral nder of

| RGACURE 8|%$EEH 3»3%@34‘ 8’82‘?‘{/3 3pg, a0 g‘ﬁ‘%ﬁ‘gﬁ'ﬁé g “éi"()‘écr{}e%f "dY’B‘fSFF

qual ity. Cappathetaiméentfof phgbifitihtor present ... and that said irradiation time is generally

selected after experimental tests. Said irradiation is implemented for the

—t

20  photogelification through the surface of at least one of the walls of the mould.

It is not excluded from the context of the present invention to also
intervene, in adequate amounts, other additives for the implementation of the
photochemical polymerisation (step ¢, and optionally step a).

The method of the invention, as described above under its method and

25  materials aspects on which it is possible to be carried out, is more particularly suited for
the preparation of organic pieces of optical quality, and especially lenses, the thickness
of which is between 0.2 and 20 mm. As indicted in the introduction of the present text,
the field of application of the method of the invention is not limited, with reference to
lenses, to the elaboration of thin lenses (the thickness of which is for example limited to

30 2 mm). In this, the method of the invention is particularly interesting.



30 Carried out as in Exanple 1, but in omtting the gelificatiFrBMp&om@tep
y) under fluorescent tube (logically, in step a, no | RGACURE 8I'9
intervenes). The thermally partially polynerised m xture having a viscosity
of 0.4 Pa.s. is therefore 2 6 MAR 2003 wo oon9zas PCTI US991 21484 31

pour ed di r agd bdfobddt © t he noul ds and then subjected to thgechusdpascycle in
an oven described in Exanple 1. The | enses possess nunerous striations and
cords, which renders themunsuitable fQr a use such as for ophthal mc

| enses. 5 Conparatiyg, BXalS o0 féxﬁg{uﬁaéf fPndri SR e 1o1¥19é’ris £y
omtting the partlaf po yrrerlsaf’l on step ernar pre- po yﬂe F'Sati on step
(3) of the atostditigeto thehnithod dfehecinngndisn hdvantagepugp udreetised dtdedsd gheiatdylic t he

noul ds and is exg&égqlt.to to the I.ur’r]' nous flux originating fromthe sane

f | uor escent MPOHE chyipgideast fifpctifal  he preceding Exanples in order to
ensure the gelificatyeqRe 6f thishfpedDihotofrers HOEthe Prdphrafict bOstgddidBiedes of hen about
1 hour 30 mnutes , and the | enses obtai ned have nunerous defects

(striati énsopticel auglity and zsppciglronpmg lagpes s detaliysingpvative dThvs :sugh orgamiet hod of
preparing p C ] : = =hr gmi ¢ i i . i cal
quality by P fa%éégtaté?%gg?o;}/’(r?r{led#{&g %@gﬂgsg?&aﬁﬂn%@ﬁegﬁg#&?g [ Sa‘{“@mgféﬁ lg%ari sabl e
mononer s, whaes eich sa@iotherrehivhdis aodqasti sifimctienpl, adj vovel agd constitute another

pre-pol yrmeri sat i the viscosity.of said mxture to a value between 0.4
g 5P s otigst o B g TG ORt SiciraRlt Proly Hobkiis o BN RBTIY o)

phot ogel i f ypfe@ared fccoding torthdIntbthamiadestripedatipod, ywhidhi coasdinitesthel Figst bbjedtlof i t s gel
point; d) caonpleting the pal ynerisation of said pre-paolynmerised and

gel i fi ed®ni Fresest enin. fi et %9“3@&9 Opipinhera A & et RODREISh ol
further congf ihe gSordgtcitich 8 Purslly iRehalee pReR PRStoemilal. | €aSt one therni al

catal yst and of at |east one photoinitiator in said m xture of nononers for
the i npl ement at i on AsEordimg dtopiie 135b| opjpets i thatprasent ipration arlates dat riginal and

pol yrmeri sat .00, j i L Nptd : | i nount
Pose e han of Memeifiel EbflogRish Rhith stle Bt @ Bxithg pitber &b BRETCR o g
m xture of tenoetedsf teridvention &iadvadgdouslyximplementtd, im noleetosobtamprgases one or
nore difynctiona ving f. . r dormula (A ) and one or
mor 6 di incPleBnar FOREnEalon Y] SberihHial Hns sl SnRetibhd o2 o0
formul a (A) spesifiedi alfehly, ahiRtutes| of (raiiddly mhyrmaricabBe -nidnemets. fSald i@ CAR O) a

1 -c-- G_l%)pt%n;ﬁchontain at least one photochromic colorant. They may be of the type of

the compositions according to US-A-5 621 017 but characteristically, they contain at
most 0.009 parts by weight (advantageously 0.002 to 0.009 parts by weight), per 100

20 parts by weight of monomers, of at least one photoinitiator, Characteristically, they may
also contain at least one thermal catalyst for the subsequent implementation of the pre-
polymerisation step, when it is a case of a thermal pre-polymerisation and of the
(thermal) final polymerisation, in the hypothesis in which they are used for the
implementation of the method of the invention.

25 They are advantageously of the type of the compositions according to FR-
A-2,762,845 and characteristically they contain at least one acrylic monomer having at
least three reactive functions (advantageously three to six reactive functions). Such
compositions -mixtures of radically polymerisable monomers, presently claimed per se-
comprise :

30 - at least one difunctional monomer, of type (a), of one or the other of the
formulae (A) and (A') as defined above ;



in which: R~, R1, R and R, identical or different, are inde;@srﬁdﬁml N3
hydrogen or a nmethyl group; mand n are, independently, integers betweén O

and 4, inclusive; X and X, identical or different, are a halogen; and p
and g are, independently, integers between 0 and 4, inclusive; wherein
formula (Awoboaoze62 6 MAR 2003 33 _ Il | _ ~~l1"'c cHeciRssotrism wWhi ch:
R~-, and R ~, identical or different, are independently a hydrogen or a

methyl group; and Ris a straight or byanched al kyl radical having 2 to 8
carbon atons, a CyCJa‘i’@éaké)/dI%@%ﬁﬂﬁc%ﬁal*ﬁ%ﬁ%ﬂ&éﬁ%&%&)ﬁﬁ‘m%r He Qifer ofthe @N €t her

radi cal of formula (R - ) 1n whic identical or different,
are i ndependemulag (B), 3’y @idgBt) asdefinednlbived al kyl radical having 2 to 4 carbon
atons; wherein forrrulda (B isRBR i 4C, Z-(R"Y~R-Z-CRao0 .0R
R2 R3inwiich: By R~ R2, and R2, identical or different, are

i ndependent |y hydr oganlesst ofie Stryhd glohoraer Kavingchdehsalkieyd reaatliecfahctioldd and R4,
different, are inde enqentlf}/ ogle hydrogen and the other an al kenyl radical
havi ng 2 5t o 28VAREEERYRY S¢iefie from e grayp eOMpISUAE Wt o ent | are i ndependent|y one
hydrogen and the othghniRR kM Mitylda@di cal having 2 to 6 carbon atoms; Z
represents a carbamate function (-NH~O- O ), a thiocarbamate function
(-NH~4-S-), or a urepenfagryduitdfetipaqgdateCO NH); Z', independent from Z,

represents a car bar@érggg#&%hwe&gtgﬂﬁ%ﬁf), a thiocarbamate function
ure - -

(-S--CONH), or a uncti on NH); R represents a straight or
branched al kyl r adi-caimeltgiaiprgpaie trizcdlatear bon atons; R, identical or

di fferent when n>2,+i§ a%{_ﬁtr?rlag{]yﬁ or branched al kyl radical having 2 to 4
carbon atoms; Y, idePtYREMGH Farent when n z2, is oxygen or sul phur;
and n is an integer+ dipéntaeeghritoldexdabglatd he total nunber of carbon atons
contained in the |g chai n, ,situa%lgd bet ween the two noieties é and Z' is

at |east equal to 1Bchcompasitigniarsapietofurtg, contain atleashopenqngmer selected o p R1 1
0 ~ Ry from the group consisting in :

- the monomers of type (c), of formula (C) (see above) ;
15 - the monomers of type (d), of formula (D) (see above) ;
- the monomers of type (e), of formula (E) (see above) ;
- the diallylphthalate (see above).
They advantageously contain :
- at least one difunctional monomer, of type (a), or formula (A), as defined
20 abeve;
- at least one difunctional monomer, of type (b), of formula (B), as defined
above ;
- at least one acrylic monomer having at least three reactive functions,
advantageously selected from the group consisting in:
25 + pentaerythritol triacrylate,
+ pentaerythritol tetraacrylate,
+ propoxylated glycerol triacrylate,
+ trimethylolpropane triacrylate,
+ polyurethane triacrylate,
30 + dipentaerythritol hexaacrylate ;

- at least one aromatic divinylic monomer of formuia (D) :



Rg ~CN-.-O_~R~n"~NI ~ R4 RZR2 R-3in which: Iﬁ mgu%
R2R3 R4, R and Y are as defined above with reference to fe) ) ;
and n is an integer defined such that the total nunber of carbon atons
contained in the long chain of moiety (R Y)" is at |least equal to 22; and
wherein fowpgodsB') is Rs ORy "-p i'1l R4 O ~N-p- (R ~a fnidssniassR2 R-2 in
which: R, Rz, R3, R4, R~ R2, R3, R4, R R, and Y are as defined
above with reference to fornula (B); 3 is a carbamate function
(-O-CONH), or Z is a thiocarbamte ﬁunctron (~-C~NH); and n is an

i nteger defined such that the tot8 unber of carbon atons contained in the
| ong chain of moiety (R Y)"R i eqstggqual to 22. 2. The net hod
according to claiml, wherein saitpfe-pol yirérisation is a thermal

pr epol yrreri sati on or a photochenical pre-polynerisation or a corrbi nation
thereof . in R mtlh@ch ¥ Y @thcﬁ)vi 1R! Hbﬂom%@(/aﬁh%q fyd con51 tmg

pr e- pol yrrerr satr on‘is a ther prepol yneri sati on; gr er mal

pr e- pol ynerdisiaylbazenes carri ed out on the m xture of m)norrers cont ai ning the
effective amount of thermal catalysts) and photoinitiator(s); or wherein
the thermal pre- poI ynmerisation is can~ied out on the m xture of nononers
cont ai ning onl y at lasst edef (@eth)aceylia mouoneraff farmelar(B) : cat al yst(s), the z s MAR
2003 35 effective amount of phot%nlé@%tﬁé ) bei ng then added to said

m xture of nonomers upon conpl et her mal pre-pol ynerisation and

before the jpramndok Y Eor €3 45t R W £ sthafghio O bRdched talkyl RAIcADRvEhg 440 1he net hod
according to claim1, wher'ej n said pre-polynerisation is a photochem cal

pr epol ymer i @W@WW@W@&PW’WtW@W&RI phgnopyedylysfigahor p pabyptBeoxyi s carri ed
out on the grtacgwfenrat ?g@r SO)CR”thbl'ilbl{‘Hlsad?n ﬂt@garr,ttw%tn PO ff Platg-at or (s)

effective t0 carry out hot"ochem cal pre-polynerisation; and wherein

t he eff et iveCBymount,Hof; Eda@r(mth)@adlal menomer | alvandaizedusiyo comsistingrioft Ur e of
nononer s bef Hgf; pcheni cal pre-pol ymerisation or upon conpletion

t her eof . Ihex#r%t%ﬁﬂ according to claim4, wherein the anmount of

phot oi ni t| at or pre¥kninvention,ngdes s differnt aspbnemsoﬂtlsmateébpﬁkgm;ﬁes Isabis,on is from

40% to 60% of ffect t b inth
r enai ﬁder oﬁe pﬁg gf‘ﬁ‘f"t gt‘%%/r?ﬁ%gt%gtgéag%e%‘?ngl Fin %‘Yﬁf\e ?‘g&é‘awalgﬁﬁﬂv%; (ralsnupoﬁ

conpl eti on CémpargivpReims&adndal pre-pol ynerisation and before it is poured
into the nould. 6. The rre%thod accordrn to cl ai mé&h ggerer sai d,

phot ogel fi cati on Maxturgs pf mERAREs ({’J‘g'fetlrﬁ rsﬁd‘i’yaY‘ftB“no § Y@ hant | y

vi si bl e radj phi Sho@ief Yhdtsibitiaer J%@%&@xﬂ&ﬁs@h Iaycotdt%ﬁ ﬂx@%%hﬁ&xﬁ&he?xhﬁt

radiation. 7. The nethod according to claimb®6 erein said

pr e- pol ynerpobumaristionst photeehesussk PPYRErisie B OHer fo abaignogamic Wmessei n sai d
phot ocheni ¢, @twet)r@r PO WHER " thSAintePRné St A%! iR bRt HSHoRRr Wi y%% a%agvt" chis

predom nantly visible radiation and which is  substanti al ree om
ul t ravi ol et trifundiicnel, bythe gartifgimizrehod according to claim 1, wherein said

m xture,pf o PR o ﬁtﬂ%eh%&?e&%ﬁﬂ%‘nb&al Péynx%%iof%%@gfy' i ¢ and/or al kenyl

nNoNONers. od accor to C in said m xhire of
nononer s corrprl seshas ﬂieaamtat@lngiasmmtmreqhiapddngitﬁ artheﬂnaméﬁt) al stimehiach: Z and
Z' are ur ea ctr ons .are identical and

represent av eﬂy}“g&%‘{r"’p oﬁgngaﬁﬁ"%?t%ﬁ%n%ﬁ%?ggﬁ%md%egr e"Hf‘m&n i sopr openyl
group; R4 and R 4, 300dgnifi JEaF AMENE® B 2O@e polyfdxyEByaERSRhine D a0bhgel ene or

propyl ene grrrxgllélgular mass 2,000) from Huntsman Corp., and
25 0.075 g of methoxyphenol.
When the JEFFAMINE has melted (homogeneous mixture) ,
700 g of JEFF AMINE® ED600 (poly(oxyethylene)diamine of average
molecular mass 613) de Hunstman Corp. are added.
The temperature of the mixture is brought to 30°C, and 764 g of benzyl

30 methacrylate are then added. The mixture is cooled to 20°C, and 528 g of 3-



nis an integer equal to 13 or 19 which defines a total unber of carbon
atons, between Z and Z', equal to 28 or 40 when (RY)" is a p02 ﬁomt |w3ene
chain; or nis an integer equal to 10 or 14 ~ 6 MAR 2D03 36 which defines
a total nunber of carbon atons, between Z and Z', equal to 33 or 45 when

(RY)" is avdelnysy¢y propylene chain; or nis an integer Befwsshidhe | oner
limt values (n is between 10 and 13 (i ncl usive)) and upper limt values (n

is between 14 and 19 (inclusive)), wh (RY)" |s a

I hyl /[ : | h h h di
a1, whiPEeRS P BB P TMI? o O R BenafOREC T one

aromati ¢ nogRwWyWith CigbuosRIing Thé Qfemdh@d(dﬁhnctl&mdﬁgdﬂ%r\ﬂﬂltﬁh (anshhu@r CH3;
and/ or at |east one, aronmatic divi néllc nononer of forrmula (D):. R~ (c=cHzh

in which R 2Piiged ahish ianedp o e dilelad withniBe OBt MPAYPSE i2ed ﬁﬁﬁbﬁwlw formul a
(B): CHZ=C (JRtch bl Rteriene WY %&y.ﬁeléaaé odrlipdsiABA 1o he ,aoxsyn?m§émb&hﬁ1§@&m@r anched

al kyl radical having 4 to 16 carbon atons, an optionally substituted benzyl
or phenoxyeitygitianadi cal , or a pol yet hoxy group of forn~ uI a --(CHz-

CHz- O oR' in which [ [
and/ 03 Odi a: Inyl plhtcha gl 20. ﬁtfl.bmﬂ%g%{rrsé) ik acc%}'l élr?la{%” de n‘%—gb’(/\%’er ei n said

at | east onebbrosaion dAFFE/BzManoner i s styrene, V\/nerel n sai d at | east one

di vinylic nononer is divinylbenzene, and wherein said at |east one
(meth)acrylic nononer is 2-ethyl hexyl nethacryl ate. 2. 6 MAR 2003 37 12.
The net hod a%&l&@ih%sbﬁth@l:&hﬁeuﬁds V\/ner e| n said m xture of nonomers conprises
at | east one acrylic nononer having | east three acrylate functional
groups. '¢3. Diaeerl et héfd'aﬁé@ﬁ'ﬂf’(ﬁdn@slﬁthén% |Pafilmeﬂlzcrymer@ﬁwcwahmammeé@§t one
acrylic NMONQRE(a) having at | east three acrylate functional groups is
selected fromt he group consisting of pentaerythritol triacrylate,

pent aer yt hr BeMiA thenzyhmethgerdlele, propoxyl ated glycerol triacrylate,

trimet hyl ol Maﬁqwg 6385y ate, polyurethane triacrylate, and
[ ritol he '

di pent aer yt xaacryl ate. 14. The nethod according to claim1.
wher ei n sai 8HMAt ethghodlnmthmorybtes conpri ses an anount of at |east one

photochr | or an f.f ctlve to give photochrom c properties to the
organic g ggig &tle’f’ﬁgn ﬁccordl ng to claim1, wherein said at | east

one ther nal mahmsdecym@caﬂtaa@-dmémﬁmmg 16. The nethod according to claim
1, wherein sai | east one phot oj niti 21& i s a diacyl hos hi ne oxi de. 17.

The net hod élé%‘g?wag - Synthesis deseribeghabpys - ftwréwmka’ewa

non- phot ochiEACURESAD E6m CIBA : bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide
ADVN : 2,2'-azobis(2,4-dimethylpentanitrile)
20 CR49 : 2-(p-dimethylaminophenyl)-2-(p-methoxyphenyl)-5-methyl-7,9-dimethoxy-
[2H]naphtho[1,2-b]pyran,
CR59 : 3-(p-methoxyphenyl)-3-phenyl-6-morpholino-3H-naphtho-[2,1-b]pyran,
Ruby Red : 3-phenyl-3-(4'-piperidinophenyl)-6-morpholino-3H-naphtho [2, 1b] pyran.

25 Example 1

o) Preparation of the mixture to be polymerised.
A 11 thermostated glass reactor equipped with a stirrer, a thermometer and
a nitrogen purge, is loaded with ;
92 g of DVB, to which 0.456 g of CR49, 0.0536 g of CR59 as photochromic
30 compounds, 2.08 g of ADVN as thermal initiator of radical polymerisation, 0.072 g of
IRGACURE 819 as photoinitiator of radical polymerisation, are added.



article have a thickness between 0.2 and 20 nm 18. The net hod Zc&mﬁémto
claim1, wherein said photochrom c or non-photochrom c organic i

phot ochrom ¢ or non-photochronic organic |lenses. 19. Oganic articles of
optical quality prepared by the nethod according to claim1l. 20. Organic
articles ofwoaibmal quality prepared by the nethod accoregdrgsobor4gd ai m 12.
21. Lenses prepared by the nmethod according to claim1. 22. Lenses prepared
by the nethod according to claim12. 28 Mxtures of radically

pol ymer i sabl e MO NO MR SmixfR 'ma&ﬂtasn@ooﬁpﬁlha&amdath}?fsaﬁﬁlg 1A RURL, OF at

| east one photochrom c colorant, wherein saird mxtures conprise: at |east
one di funct dmmutlomﬁtbmommdm%%ﬁ mul ae (A or formula (A) as defined in

claim1; at |east di functional i f rmul a
(B'), or formula (%'5'1?6% il(je"i‘“mr?renﬁ’r f’fnrec A mjlipﬁgn@g’ 3g§ gu%\)aﬁ?l()‘f%f%b 8 at |east
one acryl i c25RRgefEHMIgV0RGf RETARAst glohNBM, afs tidnaddded. Unct i onal groups. 24.

M xtures of radically polynerisabl nomner a cording to claim 23, wherein
said at feast one adFPIYEreHRGHEAnN eﬁé\’}%”&}ﬁﬂ“ &ader pifogen pures o5 880% unct i onal

groups is sebgehed of &¥ldt RenRf-Q1® consisting of pentaerythritol
triacrylate, pentaerythritol tetraacrylate, propoxylated glycerol
triacrylate, tri netﬁhg'h@m}m’p@ﬁbmﬂiaaen yl ate, pol yur et hane triacrylate, and
di pentaerythritol x I £5,9 | L sabl e
nononer s accor di ngﬁl?'o %gs ﬂ‘\%gmaMt&éBééiaiﬁd46 é uE“ur eg’%myn)bsa&%%a | east
one difi ui ckyrmahxtmamnhtmnhawhmghﬁwvmbaty(oﬁp4ms @bdutd&chin)n claim 1; at
| east one di functio Pgah]ﬁrmno mer havi n for n(ﬂ) {‘.L?LD@ g def.ined in claima1,
at |east'®one acryli a??ic‘r‘fﬁ’ {S1PRES PY £AINS the FSACUQIamINE A9 onal
groups; at bméndca&haga iif feH 18 iniltésc mononer of formula (D): R- (C=CHZ~
in which R =H or CH3; at | east one grreth)acryllc mononer of fornula
(E): CHz=C(R-~- comThFrﬁmmecﬁhmsr%rt usrebtained iRthenspumped oyt ghvacee apg anched
al kyl radi calainpvedRdindtilihe 36 H8itRAUAL OMB, an optional Iy substituted benzyl
or phenoxyetl ryl radical, or a polyethoxy group of formula --(CHZ-- CHz
-O"R" in which n wkf’mgehﬁ@gem between 1 and 10 and R'=CH3 or CZHS. 26.
Mt ur o501 o1 2 calins BGh YR SBRS AP RIME I ARE S illa' R SGhBIERY  Wher i
said at Teast one acry avi n 9 Hred acry € Tuncti onal
groups is selasxoeterfmauid hdmg}r@npdcdgmfabounw oiin et PAAT jolim ot thivkness
triacryl at enwt aerythritol tetraacryl ate, propoxyl ated gl ycerol
triacryl ate nmet hyl ol propane triacryl ate, polyurethane triacrylate, and
di pentaerythritol haxaas@myhattﬁu@mpmremn&ap&emo e akpht @m;o(rmh) acrylic
nmononer is 2-eth Ihexyl met hacryl ate. . A% Al e. Al . AY.A52 . A AF. A9. A
e. A ARY, . A Jibes (Brileyt 820 frgm M@zda[ﬁﬁ SRmaWjem AF@OA@)A@FI zh?reﬁn@eh@es, ia. A&Y% A&e
 ARY. Af 3R Aghva A9 30&Kin. ) y" WY. XLIM g
h| wr mhc”Y] ca] ca] ca] ca}‘ca] ca) ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] ca] ca] ca] cal® EigtioRal 1 6CN>KW

oo 1D s gl llag st ahsa it e e

a] caU] ca] c following cycle :

al **3+W+G , , J--A /:LO 2 55 6 cal cal calcalc
a] ca] ca] ca] ca] ca] Callf% ?é% %gﬁ and en chm%% H?‘"g 3Vl\'I ln%aﬂnaﬁyl I caj ca]
a] ca] ca]»;a] paleaa}um]’@a]za] ca] ca] ca] ca] ca] ca] ca] ca] cal 677.8p89799: :; ;

s a s 6<?<<<) =| >>3) 21 27 fa\ calcalcalc ca] ca] ca
ca] ca] ca] ca] CL] cayl SH @\g%g e samvgll ]out (]>f %!m n]mu S ancl ] Ical
a] ca] ca] ca] %},&ah%hg@] cal] ca] ca] ca] cal BCCDZDDEonEEFSGGGGEHHH— IVIdITTTTTdnd
JbKKKKK{ vql gb] X]]] ca] ca] ca]ca]c (]cal] ca] ca) ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cal] ¢ éf] he samples prepared following this method of the invention possess no

aJ ca) ca] ca i T) TMMWTTTTTTTTTUUVOV3V6VZupk
f!a\ V\]]] c!a] caf’%la’?@dfﬁal?g{g%ﬁ% L‘fcai ca]\‘a%? ]g%\%éga] Jca] ca] cal] caU] calU] ca] c" a] cg]
ca] ca] capca] caj ca] cal] ca] ¢ a] ca] ca! 6VWbBX=X}

YYNYAYYYYZbZZ[ [\ "\ \\ N ] ] +*470™| “{vql gb] V\] U] cal c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]
caUl ca]c"a]ca]ca]ca]cal*__B " aa>bbccl ddd=eeef pf f f <ggg>hKhWhf hhh*i ui } xr mhc
AY] U ]ca]ca]ca]ca]calca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
ajcaluiwiiglj”ja I Vylll EHMYmmmmMmMmMmMnnnnokonopovooozupke™ ZU] caU] ca] cal] ¢
a] ca] ca] ca] ca] calU] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca! oooooTppp+qg} qqrrrsst W uruuuuuuvmvvvvvoamwdxt x{ vgkfa\ W] ca] ca
]ca] cal] ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] cal] caU
]calc

L ey AL CCTLTL O OTY YY AN N P~ N ~ AT € 1 1 T yYAW I A 7T m =m  =m = =, -



YT86<8' D{vql gb]W U] ca] c

a)J cal ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal caa <5aMAB] Mﬁca] C

aJca] ca] calU] caU ca] c"a! O nfy}#8vz5#

Ol r1:|wnhc] X] U ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal]ca]c

a] ca] ca] calw@bdw®i@a] ca] ca] ca] ca] ca] ca] ca] ca] ca! RS] ODt | <3f@fmsboises ZU] cal caU

}a]:g!a]:ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] caU
calJc aUc a]Jc aUc a! E646PCL :

]3| F]yt ni (lJIJ]_ZU] I:a] cg] cal ca] cal] ca] g”%‘%‘%’%’ﬂ?‘ww cajc

a)J ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] caV] ca] caj ca] ca] ca] cal KU61,

Z: {Fk kf a\

aJ {ca] ig])ca?c\a\]! ]cg?]cg(]%]c‘g m%]? %ﬁ] %‘%ﬁ%&%i’f% %‘g‘]?% S/]a]cg] 2a] ca! %7 AES5=¢e\ egl~yt

oje [V]]ca] ca] ca] caAqa]tm&laadtg@gmsa]rsaaﬂoeaq&Lﬁpali eithealieeyhtidGahead 4a] cal cal ca

] ca] ca] ca] caV] ca] ca] cal] ca] c"a] ca] ca! 1>J\ U=4w$D) V+~yt oi d_ZU] ca] ca] ca] caV] ca

] ca] ca] cd] c anetEqeemprag sagaded Wit ca] caU] ca] ¢

a] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] c$a! ++B] ° t 7] yfLI @vqgl gb] X c]c

a] ca] ca] ca]lc.a.]_ca.].ca.]_ca.]_ca.]-c.a.]-ca.]_ca.]-c.a

a] ca] ca] ca]|ca] ca] cabchdamlcibical cal cal X{" (Phl-‘i{)dEyetnﬂpldl_tZ;UI gb] X] cb] calca]ca]c

A |
Z] ga?]ccg] g ca]4g’6‘qcfta%f ’]Bflﬂé% ga]a]cg] c" 1@ ca 8’“ FF/ I‘é’éq ca
' 3lca] calc" 4 a] eaf@faap 3ka] ca] ca%ca] ca] ca] cau

y-n

d), 9D #&>L
] ca] ca] c aj cag]ocn aLgcta]»\zBaU] cal] ca] ca] ca9])ma] cglogDajBRcal ca! NQkmm SW " c) Wk' 2HS
~ytoje [VU]c" ] a] a] ca] ca] ca] dalygal cag akgm(%a] caljcalc"aU c"a]c.a]ca
] ca] ca] cal]fca ca C ca ca] ca] cal] ca] ca’?cal ?’
sgX} xsni d_2ZU] (9'4é a] ca] ca] ca] cd] c8’¢a] &&f €BF®a] ca] ca] ca] cla] ca] ca] ca] ¢
ajc"a]ca]ca ca)]osa(] ga]](cmf]ma] ca] ca] ca] da] oabl +g ofBRKQ
U W HHH#SHES! Y&sgX} xsni d_ZU] c" a] ca] ca] cg] c]ca] cal ca] ca] calca]ca]c
a] ca] ca] ca]jca] ca] ca] ca ca] ca] cal cal da] ca ca% a ca] ca )y"hlfyT
10%@x ()-10/@ () -2 () - T10%@ ()) - 494 0v@RE MfFlOO/@ ()-
@O0%ax () - "MWYBH79Tg dﬂ%é@uré 810%@& () - F
109%& () - - _( P38 ()-10%@4()- Q T
109! 10%4aR —+O9%R +OTE T 2 i SO () L9maB*yT
100/@+100/@ O)- ‘*100/@ () (100/@ () 9 100/@ () I&$ 100/(@@4 () z"10%@& ()-m
g hdE*yT 10%@S 10%cBhe( yuxtwe Jthusagbtained 10 m@itained 7 witl ogdging) up 1@@@to(a)l s-

109 () - c1f10% & ()- SHI0% & ()-4 10@10@ 10@:
z109%@& () - fé‘%@&&‘%@e%ﬁé@é@g‘é 0%\ & ()-1! 10%\ (\& ()-1! 10%\& ()- 1!
109\ & (i0- 1! 109 \'Bie(spid hiBtufe)ibihes’ n@a)nta;wswmng hndl¥eositréden phiige
10% o' 0&' () - llbl ;q%o& _#,10% 0& ()-  10\\ 101\
10\\DLz[9uS T abov /fb%@‘%?‘“ ] () y109% o0& ()-! 10% o' 0& ()-!
10%¢to#0&' () -! | 10% al plpolymeyibdtidil.! | * 10% 102020 102020 102020! 3

SRy NEim v

re 819

1092020& ()-!3 10% o' 0& ( " 10%EoEo& ()-2Z!'" 10% o; 0&' () - Z>2Kwg™
dEML! ! &10% & () - 1099 Bh ?t?gﬁé*ﬁsm%& ()-L!, @0% & ()-,310% & ()-&$I10% & () -

F"n"""g#} <ML 1] 10%@1\1&8@ ].%asé 10%&() 10%&'()-!y 10%\& ()-!'TL@
109\ & () - zg#$PUN&& I\/IlP'+ W\ (\& ()-!1+ 10%\&'()-L*10%&'()-!
1094\ (\&15()-! 1094 Thesesucyessive operatlons are identical to those described previously in

1011 0 104 Ve s A ples ppaned R b gad b5 B (s oommy (-

100MVE: () - 2 1A8RdSarkiple SQIBEN a6 Fvix{ihplé BteipodSess naBisiA¢ opBLBIME () - 100ME: (
)-11 10% ; & ()-2z10%vB' ()- YLO%VE' ()- 109%v&' ()-,Jd--A. .1//a?rS4! "1 1L$

1096KX& ()-'LS$ 1090VE ()-"109%VE () - 10%VE () - g&

1090V& () - 109%VE () -/10n0022222aSE7! 10SS 10SS 10SS! S5 1096S& () -y/ 10%VE () - -
1098VE () - +: 109VE () - (10%VE () -f 222233P33dESE7! 10SSfz10% & ()

10% & ()-310% & ()-! @10% & ()- @10% & ()- $10% & ()- 33MH\ 5556dESE7!

10SSSI 10% & ()-10% & ()-Yz 10% & ()-10% & ()-z@

10% & ()-10% & () - 6( 6W66677aBSE7! 10SS&$10% & ()-!110% & ()-y!! 10%[& ()-f
10% & ()-f10% & ()-10% & () - 7. 8p89~99: aBSE7!



10SS. 10% & ()-"- 10% & ()-+10% & ()-! (10% : & ()-g9 10% & () - %10%&'R( :
cro i XxmbCl 10SS% 10% & ()-  10: 10: 10:610% & ()-,5 6 MA 003
10% & ()-310% & ()-s010% & ()-vy; ; ; 6<?<<<dEnbCl
10SS10% & ()-f10% & ()-10% & ()-310% & ()-L! T10% & () - @10% & () - <) =| >>>) ?}
2dEnbC! 10§31M% () - Y10% & () -10% & () - F10% & () - 10% & ormlsydBrasa
10% & ()-1}7?7" d@@AdBnbC! 10SS! &$
10%\ & ()-z"10% & ()-!10% & ()-10% & (1% t 10% & ( )- 10% & () - NnABCCDZDDdENhC!
10SSI 5 10% & ()-310% & ()-210% & () g, LOWL () -F°

10% & ()-9' 10% & () - DE_E EaEbEOEEF
10S! &F10% o' 0&' () - The Ypa&tidny -a%iﬁ%ﬂa& tb)those Jc@&cn]béﬂ previously in Example 1,
10\ @10% & () - 610% & (F() F5GGGGEHHIE 10
10% o0& () - yansestofer sier KB of partie) ﬂfa%ld&b(n)ensm%%@ (©rgypolymerisation)

10% 06 ) Uk SR AGSH R b dGHRRSGS Al §)0% o - 10%08 -1

10S!)109% & () -z) 10% (ni‘&ic(r) toz 30" LAY e glassl BAGSH 6 sEhjecttd(A% Quiinoust10% o8& ()

- bPKKKKKCLLL{N =2 910 5 0&' [,710% 5109% y--'1
1210% " & ()ﬁm& Of%a%ﬁa/% Bt SR G oo s I Bt dederioed 6605 (.

' & Y10% 0" Ogredelimp ' BRBhpRY E&'0(3X)11$W16ﬂ% o0& () 3 10' 0 10" oM\N'NN OOz[ 9C@ 10!'9
10% o(0& ()-'9 10% & ()-'19 10%0(0& ()-".@s1l0% o0& ()-!'xy- 10% & ()- ! 6y-
109 "]"& ()- OPQOLRRRRNez polgmerised ey yiriuy heyngasyigopsity of oBa@ @& ()-'1° 9
10% o' 0&' () sbtdid SyShCl
19L(!) 100 c()) f ed (%Q?&go A $s§_1(})e O}Imeq:))f]agfﬁtgo Rfhuddsat FRNRARRRIE.

10 The operations that ollow are identical as that described in Example 1.

The lenses obtained after turn-out are free from defects.

Example 3
Carried out in the same way as that described in Example 2 except that the

15 photoinitiator IRGACURE 819 is introduced in two lots as follows :
0.032 g of IRGACURE 819 only are loaded into the reactor in order to enable the
partial photopolymerisation of the mixture as indicated in Example 2.
The remainder, i.e. 0.040 g of IRGACURE 819 is added to the partially
polymerised syrupy mixture {upon completion of step ")
20 The lenses obtained by following this method are free from optical defects.

Example 4
The operations are identical to those described in Example 3, except that

the thermal polymerisation initiator, ADVN, is introduced after the partial
25  photopolymerisation of the mixture, at the same time as the remainder of IRGACURE
819.

As previously, the lenses possess a very good optical quality.

Comparative Example 1

30 Carried out as in Example 1, but in omitting the gelification step (step y)
under fluorescent tube (logically, in step o, no IRGACURE 819 intervenes). The

thermally partially polymerised mixture having a viscosity of 0.4 Pa.s. is therefore
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obtained have numerous defects (striations, cords).
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¢)  photogelifying, in said mould, said pre-polymerised mixture until its gel point;

d)  completing the polymerisation of said pre-polymerised and gelified mixture in said
mould by heat treatment; wherein the method further comprises adding an effective
amount of at least one thermal catalyst and of at least one photoinitiator in said mixture of
monomers for the implementation of said pre-polymerisation, photogelification, and
polymerisation; wherein said photoinitiator(s) are present in an amount less than or equal
to 0.009 parts by weight per 100 parts by weight of said mixture of monomers;

and wherein said mixture of monomers comprises one or more difunctional monomers
having formula (A) or formula (A") and one or more difunctional monomers having
formula (B), (B"), or (B"), wherein formula (A) is

1’11 ‘cxaa
CH2=C-|CI_ (OCl-[R-CH;);;—O—{Q}—(l:__

o CH,

Oy
I
—Q—O—(CHz—CﬂR'O),——ﬁ‘-—C=CH2
o
X

in which:

R;, R';, R, and R', identical or different, are independently a hydrogen or a methyl group;
m and n are, independently, integers between 0 and 4, inclusive;

X and X', identical or different, are a halogen; and

p and g are, independently, integers between 0 and 4, inclusive;

wherein formula (A") is
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R;, and R, identical or different, are independently a hydrogen or a methyl group; and

R is a straight or branched alkyl radical having 2 to 8 carbon atoms, a cycloalkyl radical having 3
to 6 carbon atoms, or an ether radical of formula (R—O-—R") in which R' and R", identical or
different, are

independently a straight or branched alkyl radical having 2 to 4 carbon atoms;

wherein formula (B) is

in which:

Ry, R, Ry, and R’,, identical or different, are independently hydrogen or a straight or branched
alkyl radical;

R3 and R, different, are independently one hydrogen and the other an alkenyl radical having 2 to

6 carbon atoms;

R’; and Ry, different, are independently one hydrogen and the other an alkenyl radical having 2
to 6 carbon atoms;

Z represents a carbamate function (—NH—CO-—0O—), a thiocarbamate function
(—NH—CO—S—), or a urea function (—NH—CO—NH—);

7', independent from Z, represents a carbamate function (—O—CO-—NH—), a thiocarbamate
function (—S—CO—NH—), or a urea function (—NH—CO—NH—);

R' represents a straight or branched alkyl radical having 2 to 4 carbon atoms;

R, identical or different when n22, is a straight or branched alkyl radical having 2 to 4 carbon
atoms;

Y, identical or different when n>2, is oxygen or sulphur; and

n is an integer defined such that the total number of carbon atoms contained in the long chain
situated

between the two moieties Z and Z' is at least equal to 18;
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in which:

Ry, Rz, R3, Ry, R', R, R’3, RY, R, and Y are as defined above with reference to formula (B); and
n is an integer defined such that the total number of carbon atoms contained in the long chain of
moiety

(R—Y), is at least equal to 22; and

wherein formula (B") is

in which:

Ry, Ry, R;3, Ry, R}, R, R's, R'y, R, R, and Y are as defined above

with reference to formula (B);

Z' is a carbamate function (—O—CO—NH—), or Z' is a thiocarbamate function
(—S—CO—NH-—); and

n is an integer defined such that the total number of carbon atoms contained in the long chain of

moiety (R—Y),R' is at least equal to 22.

2. The method according to claim 1, wherein said pre-polymerisation is a thermal pre-

polymerisation or a photochemical pre-polymerisation or a combination thereof.

3. The method according to claim 1, wherein said pre-polymerisation is a thermal pre-
polymerisation; wherein the thermal pre-polymerisation is carried out on the mixture of
monomers containing the effective amounts of thermal catalyst(s) and photoinitiator(s); or
wherein the thermal pre-polymerisation is carried out on the mixture of monomers containing

only the effective amount of thermal catalyst(s), the
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weight; and wherein the remainder of photoinitiator(s) is added to said mixture of monomers

upon completion of the photochemical pre-polymerisation and before it is poured into the mould.

6. The method according to claim 1, wherein said photogelification is carried out using
radiation which is predominantly visible radiation and which is substantially free from ultraviolet

radiation.

7. The method according to claim 6, wherein said pre-polymerisation is a photochemical pre-
polymerisation and wherein said photochemical pre-polymerisation is carried out using radiation
which is predominantly visible radiation and which is substantially free from ultraviolet

radiation.

8.  The method according to claim 1, wherein said mixture of monomers comprises acrylic

and/or methacrylic and/or alkenyl monomers.

9.  The method according to claim 1, wherein said mixture of monomers comprises at least
one monomer having formula (B) in which:

Z and Z' are urea functions —NH—CO—NH—);

R;, R, Ry, and R"; are identical and represent a methyl group;

Rj and R';, identical, represent an isopropenyl group;

R4 and R'4, identical, are hydrogen,

R' represents an ethylene or propylene group; and

n is an integer equal to 13 or 19 which defines a total umber of carbon atoms, between Z and Z',

equal to 28 or 40 when (R—Y), is a polyoxyethylene chain; or n is an integer equal to 10 or 14
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in which R;=H or CHj; and/or

at least one aromatic divinylic monomer of formula (D):

. 1? 1
Odew

in which R;=H or CH3; and/or

at least one (meth)acrylic monomer of formula (E):
CH,=C (R)—COOR'

in which R=H or CHj; and R’ is a straight or branched alky] radical having 4 to 16 carbon atoms,
an optionally substituted benzyl or phenoxyethyl radical, or a polyethoxy group of formula
——(CHy— CH>—O),R" in which n is an integer between 1 and 10 and R"=CH; or C,Hs; and/or
diallylphthalate.

11. The method according to claim 10, wherein said at least one monovinylic monomer is
styrene,
wherein said at least one divinylic monomer is divinylbenzene, and wherein said at least one

(meth)acrylic monomer is 2-ethylhexylmethacrylate.
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18. The method according to claim 1, wherein said photochromic or non-photochromic

organic articles are photochromic or non-photochromic organic lenses.

19. Organic articles of optical quality prepared by the method according to claim 1.

20. Organic articles of optical quality prepared by the method according to claim 12.

21. Lenses prepared by the method according to claim 1.

22. Lenses prepared by the method according to claim 12.

23. Mixtures of radically polymerisable monomers, optionally comprising an effective amount
of at least one photochromic colorant, wherein said mixtures comprise:

at least one difunctional monomer having formulae (A) or formula (A') as defined in claim 1;

at least one difunctional monomer having formula (B), formula (B"), or formula (B") as defined in

claim 1; and
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26. Mixtures of radically polymerisable monomer according to claim 25, wherein said at least

one acrylic monomer having at least three acrylate functional groups is selected from the group
consisting of pentaerythritol triacrylate, pentaerythrito] tetraacrylate, propoxylated glycerol
triacrylate, trimethylolpropane triacrylate, polyurethane triacrylate, and dipentaerythritol

hexaacrylate and wherein said at least one (meth)acrylic monomer is 2-ethylhexylmethacrylate.



