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THEREOF, PHOTOCHROM C OPTI CAL MATERI AL AND PRODUCTI ON PROCESS THEREFOR 5
Field of the Invention The present invention relates to a ¢

conposi tion having photochrom c properties, a cured product M@Hﬁﬂﬁmmmm
curing this curable conmposition, a phot ochr oni ¢ optical 10

obt ai ned by curing this curable co i 1] a substrate and d!pv¥¥cess
for producing this optical materi amﬁéﬁﬁ(&'fi cally, it relates to a

phot ochrom ¢ curabl e conposition which can be advant ageously used as a
coating materi al capable of easily providing photochromc properties 15 to

an optical neCERARL SQQHP@§IEI§E€CFEBEB PRRBURY TPBREOHg PHOTOSHRSMEG on to
- the surface of t ' { ahand r _ opti cal
mat eri al havi ng fhﬁ%?g%%%%?% Sé%’ égDapgggﬁ .EESE’W F%bgn%%a%&%?s% for
produci ngsthe optical material. 20 Description of the Prior Art

Phot ochrom C(Fproperti es is a reversible phenonenon that a certain conpound
changes its &Hedd jdFrtdientInXenfien exposure to |ight including ultraviolet
rays, such as sunl ipght L ght R G Let i 25
original color WnelrI\'g'iQtp?éss%)*’ggéljélrgﬁfcﬁég&%‘r#e%ykg[%gg?%‘algx%%@?%gg%éﬁi S
now appl i ed hawiarg phetbichrdmid-propeaiipks, @hoimsdpanduglr opeatined bg

applied in the field.of spectacle | enses.. A plastic |ens havin
phot ochr oni ¢ GH-IR& S"lhé'? |‘§1rtﬂﬁa]a‘? n"e?i“%?/sji ?hg & %°EBF9F@‘P?“ZaBSEiFrBFrorrer
contai ni 1§ Wirldt e IOIHHIHES P RPN NaY] ) Gcd PEo PO OYEMPE EPELOY  on a

Ful gi m de conpounds, spirooxazi ne conpounds, chronmene conpounds and the
| i ke have besvbiitxraternsd apnsasss fosnprodenrbod tdsl siopthcedrmgterial.

advant ageously used i he ove, field. As the production process of
plastic | ens@%’%ea\ﬁ%egc pﬁ%b?aolif?fbn%‘% Jf)?%?)%ﬁié% a ?ﬂ‘éFgch%m%Fofinggiﬁ met hod
i n which the cotifoaie idn WHEIS dWY i Y ddvHNOLHEHEOTY Cube@Pest AesohE1hghi bed
wi th a photochrom c conpound (to be referred to as 5 "inbibition method"

her ei naf t er ) MatehidheaPrRljR T RagLpYi RRIVIGIRG PO toshTosds Praperthedi ng
hot ochr 9gi ¢ epk hS o] f f I t erred

o as " coati b bt hRLToRL maRbEREL RublR oW ACRIRaIR 180D by BRBEYIAYL ¢

properties cdiEowmnpesidiisgol tedther sunbaoeesf atide t dpt1€at esatérhglsohut i on

i olynerized to, obtain. a photochrom c | ens_ direct] to be referred_to a
S onee et et Srodnke: tRATeSH, B0 Ipt fIRL MAferiAL e the Fared O O
phot ochr om ¢ gyqafit i85 Pled{eLnd ABER 4kd "WpPscésPi Bbti fRoARENRY. the! €NS

15 substrate nust be designed to obtain excellent photochrom c properties.
As its desi genfuiail imatertals conceivable that the glass transition
tenperatype (DT . f iho%loepst éJbﬁ {g}_.eAJ:E reduced to facilitate the
nmobi | ity of } in a macronol ecule or that a free
space in a 20 nacr eRitechironmis Witpwrtt s facid iteters ilanihénénendna
phot ochrom ¢ nol ecul e. USP 5739243 di scl oses a conbi nati on_of a_specific

| ong- chai n aliffttefe SGFFEIR FOMRONRS Fhangesndts Feloruteneehatedst RRERy ate
havi ng thr ee ffpdiis sl eably DoLygRILG bl Ergyaupst faghl eduBhoduct whose

col or 25 devel opnent intensity and fadihg speed are inproved to a certain

~ extent is obts:imddtt an thgktbnbromt & oner¢iaveviampaanfhrettiznkntbodys

reduces of substrate to inprpve, photochrom c_properiies and inbibition
broper 11 89, “argehal fefes et ¥ ot p1dred phn orbe B85k P SpRersy a0
reduci ng the digighiass adl heatow espslageinfvaheoaybstealg. and causing a
new problemthat there exists a |lot of optical strain. The inventors of the
present invention H&FeeprBpaSe®hr techmrrle propsntilas Wi zppbled dantbet he
above ‘def ect §4( e spebd £ ”féfrl%é‘é! ﬁpffll' CAlIOm Nos O fpg54) . The
curabl e conposition coﬁ%r|ses a conbrnatiorfof a commonly use

pol yner i zabl @hatuurerontiel preopéytiest ionebtaohydebyyzabkbengoaoner havi ng at

| east three polynerizable groups as 5 radically EOl yneri zabl e nononers to
obt ai n eXBel IRHYMRTCL IR AP FeR Ea1BIAT sHbER 8t BhekaFREPBALst i c
properti es. Wﬂ?’ f LT j pr | £54ar ui red
for phot ochrom ennqselgg‘;#ﬁﬁ c%%r%@?%ﬁ#éﬂ%é tﬁe %@E?ﬁgg%@?ﬁ%%&g'
provi des 10 pEptmadxazine poopeundss tbhroinenswdngoeamnds anldetise tikeshagehod

has possibility to. satisf equi renents for both substra har acteristic
properties arﬁg%cﬂjo%qﬁ‘@#%é p?q%p%?gf%ghrWE%/ %9%&8“536;)8{3391%610&& &d in
whi ch a sol utd@mifade ARIPas &d1 £n CORPONREEi 8sghged in an uret hane
oligoner is 15 applied to the surface of a | ens and cured.

resin obtained by curing the urethane oligonmer has such, demmmmmwm“mum
crosslinking density, .1 arge dependence of photochrom c properties._on

tenperature and the dissolution of a photochrom c conpound into 2% d coat
sol ution when 20 a hard coat layer is to be formed on the photochromc

g a.m N 11NN /N A AA ™ A o o b1 o, - o




YAS 0 ~~~{z) d13) '"Rc 2 wherein R2 and R3 are each independently an
al kyl group, aryl group or acyl group, Ais a divalent to tetraval ent
organi c residual group, Y is a radically polynerizable group, b is 5 an
integer of 0 to 2, cis aninteger of 0 to 2, dis an integer of 1to 3,
and a is an integer of 1 to 3, with the pfoviso that b + ¢ +d = 3

{3) d ~ Rs/ ¢ wherein glﬁ is an al kyI roup or a roup, R2 and R3 are
each 10 i ndependenffy t8¢ RHeduciiciy a’ﬁﬂs%‘)r Fﬁ/ sg'%flc‘i/ Lepsrs hauing o
vinyl group, p%dt%c@ﬁ:dnfﬂc?ﬁ%&p@ﬁ:tie%o thefe 'a%e%‘rb;%@géra REtRodArlwhilni S an

i nt eger of 0 to 2, I's an integer of 1 to 3, wwth the proviso that a +
b +c + d= 4he ﬁumf@%b@\feaf dens| having ;mtphqtgc;xromm propertiksgl| igroup

atoms int ne Miped, bl pRpRechr R E, Conp Sl BB bAPphreRran, 28 28"

constitutgng "amumgﬁﬂmbmaow"eme@eﬂﬁafeére;ase n@_fthfo@r h Neh £clf id BAGhedr OUP
by hydrolysis and kee mgsstabl lity. The al kyl group or aryl group may have
a 20 substit Jayer BFaglﬁlr ceptt FréY@Eu'bb@Vﬂ-GénPhP @pbaemépkprogﬁanpgsr]am ng 1

to 10 carbon tﬂ@ gr e I

hal oal kyl grou avi ng car bag;ggtsogrggspt?g ggrggﬁo&%e hy?aggggp and

trifluoronet Imdtrgfdmmerzdﬂmmle:g)r,om maiertthol e ¥Hienr AophetO6RroMeLs as

met hoxy 25 group, ethoxy group and but oxy groug acyl groups having 2 to 10
Bu

carbon at ons BRAReTHL et AMPYiRlpts i bpFOhYed gt Bup, MerePeTrgrBApthAd benzoyl
group, aghno Yliking YA o1 ‘i@tp'otl'fm%‘}i@@&QogBB‘EQinhQVﬂéﬂBta ﬂ?oﬂl@c
carbon atons such as et hyl am no group, ethylam no group, metﬁ am no
group and di dtemd aiﬁm@houbl;oﬁaéogﬁmate@steuah asnfmassi methbdrh chl orine
atom and bro atar%g h)gdroxyl group, 5 carboxyl group , nmercapto group ,
cyano group . Exanpl es of the substituted or nonsubstituted
al kyl group haVl ngwaTeQel:O G kiraedt AT dokdie dWddl Tdet phoEdsigeo®E DY
group, ethyl group, proEm group, butyl group and chl oromet hyl group.
Exanpl es of tRROReRfHR ‘éhledrn m@sﬁdmtib%@|0tm4@§ihﬂ-§iFlogrmﬁﬂii’!%wanéeesto 10
carbon atgns I d

ig sifH Oksémﬁég i 12 p k! Qsi LEd% R §> n 85QdR1eh? ﬁﬂ{%tQERHBmgg

xylyl group. e VI ewpol n ease 0 orm ng a sil group

hydr ol ysi s and-dgeamti as st s h.tb)deﬂgn gudeilamah)| ytate tloyle 13abYle0thatnor e
preferably an al gﬁ- gsr oup havi n% 1 to 4 carbon ai) t he nost preferably

met hyl group 18 GLRPE §ransltrstakhampeTpriurge(TGHRE fthantens ?E?SFEE‘FS) are
each i ndependeniloadiba! Y| c46L1Peatl Yind  RUBLRLLPCKE Gr BHBrokKRBRAES Of
the al kyl group and aryl group are the sane as 20" those Tiste or R1 and
preferred grmgpecrie téwendnr aamnaRroniecarhd ogr dhat a rﬁn:efeesahby an acyl

G oup or 28 oA Titened afeuEdeadhbtbe BherRebdagrvortug” ™

i ncl ude acet hdicuhxomi® Riol®duld .oupsansl7 901 9)d 1 XM S &l . c&_nbﬂ]nhh@oﬁbove
formulas (1) and (2) is a divalent to tetraval ent organic residual group,

preferably a*fi fFafRACLIEIC LORAVERRAR DHgEIRRS icialigeshgcrydiate anfo 30
carbon at ons. r

particularly ﬁ ﬁ%ﬁ{[gghang.%k%l 3%/@535:)2&%25?}1%%%#%%3%5 #?ﬂl?elgrft E.QE:l'Egl(J)'Vgani c
resi dual gr oo Igneiiaab ke bgmdups herA thared produwnt cehidoe dobolr such as an

et her bond, ester. bond, 1 de nd, am no_bond, urethane, bond, th| oet her
bond or 881 { GRS IHEL T THESATTEE 90 BRGLRAy SPAPRnEE ScoNBAPKotn o

group. 10 (cdestie RPN ds otPAHIEEUm the Svhdlink¥akh .of ubiigvergani c
resi dual group include hal ogen atons such as fluorine atom chlorine atom
and brom ne @srihisy dresiynolegyprednead Jgoap, ansubap::gtgr @gpimpgrgmr@ group

and nitro groyn 5.The anic residual _gro f er abl 0 carbon
o Spect M teTLe Rer Ee8 RaaL8bEREFLR, BRoPRERA8E St ene
groups havi ngflje:ixbilﬂl.tlﬁr@ﬂntlﬁé0@@b§tlﬁﬂtésbéﬁblﬂ¥beﬁ@oghﬁlgh,, thb,‘tbbﬁre group,
propyl ene group, trlnethylene group and butyl ene group, al kyl enedi oxy

groups 18%hawefipcing the haudness and Heat Fesdstiapcenedi Ske gubgprate

et hyl enedi oxy, r u di ups
Shoun bl ow AR B BbER T ited i ALAL LI SRR A HeBralad P°,
-CH2 i-CH2 -@txainfH2 ~H2 ' ~H2 ' -CH 2CH 2CH 2 NHHC-OCH 2CH ~ , -CH 2CH
2CH2 NH , -CH2CH2CH2 NHCO ' -CH 2CH 2-NH H -CH 2CH 2CH 2 NH CH
2CHCH 2 ~ - CH 2cH Z&8 3nyendqrscqirEheypPrAsentoépveptiion havepreposedy
--f-CH 2CH 2Q; curable%ﬂ&'szgﬂogq'ihi&“o@&%e% Bhe atdvéd idbdi& Alpo¥e
formulas, nis an integer of 1 to 5, and n' n " are each an integer of
1 to 3), and groups obtai ned by substituting these groups by the above
substituent. 5 Y in the formulas (1) and (2) is a radically polynerizable
group such as (neth)acryl oyl group, (neth)acryloyl group derivative such as
(neth)acryloyloxy group, (neth)acryloylanlno group or (neth)acryloylthlo

T T 1 [ T 1



requi renent or not. Stated nore specifically, as shown in 25 exanples to be
described hereinafter, this can be easily confirnmed by polynerizing a
nmononer to obtain a 2 nmthick cured product, keeping it in a chanber

mai ntai ned at 25C for 1 day and then neasuring its L-scal e Rockwel |
hardness with a Rockwel | hardness neter. 30 The pol ymer used for the
measurenment of L-scale Rockwel| hardness is Et ai ned by cast poalynerization

under condi tFBﬁ?rPﬁé:P-%J%ptﬂpjrﬁﬂaetjtﬂnd\lﬂyn% OB%34 Yr o OHERIRD in the
char ged  MNOERinplo% 1Al drfifith oo Locififl fa FOGK VL | 2 NBb e By O sblie cur ed

product polynerized under the above 16 condltlons IS neasu as al nost
a const ant v@lodaymerieadiey maramierldnd @Im@yfum@tbomhomlymeniagbae

h I L- | kwel | d f 60 b f dt
"l ghe har dne BEHRRRG Y G AT THReq RS SPETTCReOLY SROFES AB the

sol vent resi $bANed]11RALNSfe AKhEIRAINdRSSENES ShtaisUsREePLOdHCT after
curing. To nake this effect nore marked, a radically polynerizabl e nononer

havi ng a hon@b@ltmr@i@a@mﬂm |andrsitestrate 6¢5h@1-)ac.l'8@ristp¢eferred

10 Thi s hi gh- h whi ch ally 2 1o 15,
preferably 2P T al ?‘ Ieymerl gﬁﬁ?g rlngﬁgged ﬁ%gg %@5%%%&%?5 of
the Cormounda&reermprmiﬁmﬁt o ttﬁldmdmmmcfpéﬂyégs (7) to (11): R1
H2~H O COCH2CH2CH2CH2CH2 CG-~CH2 ... (7) R14 f f' IR13 9 15 wherein R13 is a
hydrogen atom.or nEBhFPIFEESH, truAhis .a a8y ditsyaratng mathnd proides

et hyl grpgp, I dyal

an | nt agey oy bashyr ¥ PELERkende XK RERLATN S L60 TiRyshBbioa ' 3
to 6, 16 H2Chaz0pbesibi(dtywter sahiREF 'reqailrr;adengenfa!rom:bh subdyrageoup,
Bis aterval??t Or'li%,ﬁlc resi dual oup, is a divalent or anic resi dual

group, and hS ccﬁr%‘-’?’f) dnd Phatoghromte ppeRertiesy ¢ E-0
C? H C=C2 . yod8)371h% @Rdgoded ta Viﬁ@fl?éd‘ HTwhichR BYdbPaeloRt i gr met hyl
group, R18 is a hydrogen 5 atom nethyl group, ethyl group or hydroxyl

group, E is @hditodhmemis gompounss iddssioyesuigohani ngeshapel otigowep, 1and i

o s & e B by o4 o RLERBS of s e UnEEIYORT (Hfyebf, HUAHUT ruo

i's a hydrogenbiiaified bEtduting otis Wirskians @Iﬁ.@d)rkdi:'eﬁés gsecly abfebtHas 2
to 9 carbon atons in the main chain and may have a side chain, H3 ~H3 H2C=
0 ~HCH20 ~CAEHA oW qrossinkine Aensiby i slargs dienendare ofet hyl gr oup or

The above TPl akrrepse Bhopiats 0 Lehelatits sl foe (ssafiipd '

group. Ther efodt & ptmﬁnnhmtsnicepccmzmﬂmii ytd he harducest (§9lubié¢dOyhane
ds_h to th | oyl h b
Formula 107 7 PAr8 G52 JgSF e ants MR FOFhgRoth ie BBAJPCBFBNSS $ASELRS: he

above formnul 615( et ) |s a terval ent to hexaval ent organi c residual group.

The organic reS|duaI group is not particularly limted and nay contain a
bond other than a 2’§Pc§|966tljéapb'9§°§6ﬁdthéﬁicﬂ BBofachzpmichep@poBnfeishond,

mai 0 chain P EEIA 18 po i s R haloni bUARR <8360, dohBt ayng?
nore, R15 i s muomedffarredd yoreail prtgiafumctmamain@rpomyﬂauéﬂgoﬂal oradicallbgn

atons , nore preferably an organic residual group which has 1 to 15 carbon
atoms ant® nayp%lé’m ehirapls mme%ﬁ%nﬁ}ﬁ theurRtainedpdayutionndst: are

each i ndepen dnt g fnd@ndufegare larger than 3,
the L-scale R Mﬂaq-har nes ]gj; &h &h id%?yrre? o{fju ﬁe nononer tends to be
smal | er than 60. T(B‘um'ttm:ym mﬂ.l/s&%d@ Rockwedds thatinesphevodiramicore, 10

the total of f and f. IIIustrat exa f the
i ght har dnes SR 3 AHREHTEER i (hdRmeER SomOrEFeRecons st ihg
trinethyl ol prgane beimetdastsirdiondl rratéﬁﬂ)@ﬁfpw%dddmsyhaaethat
tetramet hyl ol net hane trinethacryl ate, tetranethyl o hane 15 triacryl ate,
trimet hy3é| pridisared tainad rmhytém ig appkitedyto| Hee haneface rafieahder$| at e,
t et r amet hyl olz{ﬁe& thﬁe 4 et raacryl ate, trinethyl ol propane triethylene glycol
trimethacryl a et hyl ol propane triethyl ene glycol triacrylate,

et hoxyl at ed pent aeHywatergl tA@ tehtaaer meghed akhayythesd pempesiyibnkt ol
tetranet hacryl ate, pentaerythritol trinet hacr¥l ate, pentaerythritol

t et r amet hacr Y2 8UcH ﬁé?’ﬁ%&ﬁ"&/tbﬁ‘ﬁtt gahgsieachkotyeen arsnenifcls il§aFepnd
tetraacryl al g gHAldane ﬁ&@é’?&@%é%&é&ti%ﬁ&'@éﬂ? gki gaaRr
hexaacryl at e, pol yester ol 1 gonmer hexaacryl ate, caprol actone-nodified

di pentaerythritol hexaacrylate and ditrinmethylol propane tetraacrylate. B in
the above formula (8) is a tervalent organic residual group and Dis a

di val ent organic residual group. 30 B and D are not particularly limted
and ~may cont a| n a bond ot her than a car bon -car bon bond such ‘as an ester

- o,



10 wherein R23 is a hydrogen atom or nethyl group, R24 and R25 are each
i.ndependently a hydrogen atom nethyl group or ethyl group, Z is an oxygen
atomor sulfur atom mis an integer of 1 to 70 when R23 is a hydrogen atom
and an integer of 7 to 70 when R23 is a methyl group, and ml is an integer
of 0 15 to 70, and the foIIovvi ng formula413): R2s RRs RC=C -O HC2 I-0O C2
HCCH ...(13) -~2 0 wherein RR6 is a hydrogen at om or_ net hyl
group, R2' and R28WQPé/8§§I§4| R&'@Q@rﬁ?@ntﬁl’f hy Y B R LR RiFakteup,
ethyl 20 0T OiRrdinedy Yotd1diihi!Ry B fodhbifc WomPoaadl £s' Fohral 188uP
containing a cyclic group, and | are eac n 1 nteger that ensures
that the avemagepvhetweeh a p]iaqsticsl&s el tgnenmedaktooerogakketnoner s

rop SSCTLay Shglobt SRl Aol simpld and bitkl mydDplTReRIdPCion ol BHLS, |
. < === a
met hyl grup i sadm_;ef%%l%ar&%a bRASRSINEd ¥ e ST AL AL 340N EDRY !

group or ethyl group, z is a hydrogen atom al kyl group, al kenyl group, 5
al koxyal kyl @rdhﬁsidiabgatﬂhyh theul astvindenst an@ T hea photochrpmigr bapehavi ng

(rethy acryl o SFGRE S qrary g S odith e o /Faf dLERR: RS 1805 Fen "
i nt eger of 1bteo pUt \lmﬁrpxmj_@ap. dyélrogen atom 1 is an integer of 4 to 70
when 10 R29 is a rreth; gro and m* ' is an integer of 0 to 70 , and the

following fornula Al% OURQB 1is preposgd Shhe) eerting meBhed £onydr ogen
atom or th at ons
when R33f§s ?bht%r&?{ég!&%ﬁtoﬂm%f@t a‘?réﬁ %IE%? %?%Jﬁ%g aeflﬁgggb%gigggcar bon

at ons when Reharacterdidbldc propertdies bs désueibedratbme( ai ekample 1h )

R23, Rzs ~ and re each a hydrogen atomor neth rou That is,
Tho’ | oo har oAl A e 8 Fondil S 9o % QELSELCE Y | cBE PuRae e
groups or (Mgl ﬂ:%)étti@a(l PAS oS vRehy BBkl A8k Be@hOKBENn KEtRAHLHZS I N

the above formula (712 ) are €ach i ndependently a hydrogen atom nethyl
group or et h\ﬂurtgranx) ofarithi Invemtbo®ygen atomor sulfur atom 25 In the

above fo when 3 LS drogen at that is , _the noner
has an ﬁn{/ll oyl oxy é 8ﬁpa8r°§i?§#o?/€tﬂ?’% pg‘%cﬁ?ﬁ‘%?‘%ﬁ%%iozgﬁpgiggoﬂp, m
i's an integelcytfablé Tohtbaditk Ve wiflsh i aR PEOWYHe 080PRotbBREOMSc t he
nononer has a 24 net hacryl oyl oxy group or nethacryloylthio grou as a

pol yneri zabl é’rg?RﬁﬁcFiQﬁ |‘§1W|Pﬁ' to‘Pa‘iiBS ?GCGH-GP'é EF«OFRF gepist 0 to
70. IIIustra t he
above forrrul g ; |nc giél %%‘E.;I/.Pﬂ g?%ﬁ’% ? ﬁ;jélgirzé g%'g sucﬂigM

trial kyl ene giqd:laig dpaerdyl ahe, ex@elhehkwd%ms:lghyctol aohtamwamte. is free

" Lhe abtve S lagb)akdoR R f Bt adR @ GO PR BF By

group . | is i |é€ﬁeﬁ&@f"&uf&‘§iﬂﬂ agayﬂseoatﬁhaanaoatcycl ic group .
Exanples of | are the sane as those listed for E which is a cyclic group

contai ned in the aBdvis ayohblexr ¢bject: OfahuejprqSeftﬂwénﬁbnwofldrqmravé-%) are
each an intege e VAl 8 to
40; pref erabl%beBlEgEgggﬁH' éﬂ-g&%;‘é]ﬁ;&’g@@%@gr esse %ftye ?Harh(\;g?ggg%ggl ue
for the sane pmass¥tiess) and | in the above formula (9) [llustrative
exanpl es_of the |ow hardness nononer represented by the formula (13)

include 28 2, 2- bi sEF &8rFt b4t ABP AT IR EE GFYR AT SRAy P k8vi ng
an average g‘rﬁﬁﬁﬂé’é Mo&fxrisfangg%izﬁltrﬂﬁtéﬁﬂﬁ hay

is

hydr ogen at or net hyl”™ group, are eac |ndepe%§gnt y a hydr ogen
atom net hyl plraugelororstdyduxeduprod®ieti ef athgdpogeendt dnvealtiph 25 group,
al kenyl group aI Kox 1‘yﬁal kyl group, hal oal kyl group having 1 to 25 carbon
atons, aryl ng 6 to 25 carbon atons or acyl group having 2 to 25
carbon at ons Ot her Iithay an fArtHddy | ot &P . o £XEH® | SSe §ént hendékyioAr €5p and
al kenyl group having 30 1 to 25 carbon atons include nethyl group, ethyl
group, paapylpxgmma 8rpYRss s fosuproduhing aapkgtoghngpécmeaﬂ reAghCEr oups
may be |i near r C t S en atom
nydroxyl or odBLom G drteiis "rRREtGrBratt S ke o2 gt Rz AR BYT Ky
group having éb:daf&lﬁaddlmrsioﬂ&atansubﬁekaﬂe met hoxybut yl gr oup,

et hoxybutyl group, butoxybutyl group and net hoxynonyl group npl es of

the aryl group havidiges PBJES’t@aPBGna@Yﬁﬂﬁagﬁﬁl%é%@ﬁﬂs%&ﬁvepwﬁ‘)‘l
group, anthrapy ‘fmi' I n f the acyl group
ot her than a (rret%acry oy ég?%%ﬁr{) ?ﬁ%l ﬁéégg‘?g?? dg?%%gﬁ%ﬁgpu onyl group,
butyryl group, valeryl group and oleyl group. ni in the formula (14) is an
integer of 1 to 70 when R29 is a hydrogen atom that is , the nononer has
an acryl oyl oxy 10 group or acryloylthio group as a polynerizable group and
an integer of 4 to 70 when R29 is a nethyl group, that is, the nononer has




02 Ros R wherein Rl is a hydrogen atom or al kyl group, and R2, R3, R and
R5 are the sane or different alkyl groups . Illustrative exanples of the
am ne conpound 5 advant ageously used in the present invention include
nonpol yneri zabl e | ow nol ecul ar wei ght am ne conpounds such as

tri et hanol am ne, N-nethyl di et hanol armi ne, %rii sopropanol ani ne,

4, 4- di met hyl am nobenzophenone and di azabi cycl ooct ane, am ne conpounds

havi ng a pol yneri zA6rerdadng, &R Fheupregent, A ueneioy fitfdethy theeaba¥ey| at e
and N, N-di et Qylsaninro I ] i ilyl
aroup such e oLty a B R ps T roar bov™ T et ar Sor  Geufed Y
di met hoxyphebyl a2 curadrliedicvmgdebdyison armgprdbs Mde di et hyl am nonet hyl
trinmethylsil N, .N-di et hyl - 3- am | Ytrinmeth il . Qut of th
2bove prer er fad 0P RPREHBSMELSRE P E AP B 3o BRIV AT DY RF BISFS br oLp.
or (neth)scrykgylodxy HPWd Fared Y GRd1ghPobH B | ZAPhE S6MPBund; JLAHEP

capable of formng 20 a silanol group by hydrolysis is preferred fromthe
vi ewpoi nt of (BrdpPaePiln§oadReprdiis Pyrwekahpl ef arphotochrempousompepndsent ed

by the foll ow.ng.farnul 1 i re preferred,as.an.anm ne_c ound
having strong PBaEPaFoLdpa) vher i2RBLR, BoRofies PRy B AR, & sAETRRL IR
R~~- Au ~- R~6 polymbii zh M RbAbeftha vidg Ry 1 0ER61 P WU P braa lgrioed wal kx|
group having 1 to 4 carbon atons, R is a hydroxyl group, a

(et h) acryl ofoams & Add-anola FFAWD %M@ﬁ?si%r nepg/er aszpadicahd¥ group
by hydr Si J j 1to6
c;r bgn a %rrs,iog&ﬂ'lf r3@‘118‘39?ﬁéﬁ)@‘%&ﬂ(%‘f%%%?%%%&%‘[‘g?gug‘@%{#ﬁg group
capabl e of form ngAacsiriding tgtheppbysdrytiinvesitdomnsdedonddyartha &ybeae

group 5 having 2 to 6 carbon atons, A'_is an al kylene group having,1 to 6
Carbon at ons D8 eand SYRTAGER of SheoRT SReLt LIV YA BRe BEbdrted

al kyl ene growgy HKnordchridmit E8£88DrIRIEL ¥HeA1REAILY SubYHEPhE cHEQHRe 2
(meth)acryl oyl'oxy group or a group capable of formng a silanol group by
hydrol ysis. tonpesifianpfdwpresentorimventient anol group by hydrol ysis
represented by R and in the.above fornula 7.) ar fined the sanme
as the gi%up defi nggc ?%it“ﬁekgb epflels)?fltg}bjﬂgﬁé}:io?he@éf%ﬁ%'eQi‘c?nﬁgﬁﬂas may
be used al onevYedts dhdcadPantases off theOpBésERt elnviditt o uite &t tilfean ne
conmpound is 0.01 to 20 parts by wei ght based on 100 parts by weight of the

total of all bih@ Phgteghsemist ortickhbraterbatrgomprising ar substyabel to
10 parts by I I fera 0 r y i t
anount is sngﬁvgelr ﬁ?ri l%agtgf%fogllp%rf t£ c%yc%%t%h(’at E"(a)'rt Q1 g\;\gg?gthhgﬁxggega?tgs by
wei ght, the dfhfecctundblepzran ogl tikhesobHntbet peesentchatvrengibayer and a

bst t i t t ai . Furt wh t.h t i | h 20 t
oy ot a0 St he! aoRegoRang,HR tRE A TSR SRt AT i FRurEhERe THAEPRTE! ayer
di sadvant age@sjebts2and M@&\ﬂt@?e& B QR $7698RE U SHYLdIE atecdt 8810088

phot ochrom ¢ conpound used in the curabl e conposition of the present
i nvention. Py chireresscSeponradusdal asphppahdemdenpptihda]l mBpresdrizi ne

conpounds an e Go r | 0 d y ed | e
present i nve%oﬁﬁ]ﬂvrﬁ%ﬁa %Lé&% A &aﬁﬁg r%e\j\% %\H}eoggl 8?%11:%@ gg%%%é%ds,
Spi rooxazi ne thapuodss S rgbmpe DeEne conPoynastiLACEQSRdoENtAR- AuZ2aBi&854(t he

term"JP-A" as used herein neans an "unexam ned published Japanese patent
appl i cat#9n" compesd tkon efsthe ppeadppsstyventign\fopned syy atefleastafnge
advant ageous|gy, A5RGh Cé]m%m Y1 &GhEcC byithe hhdenkqes of
t he present issr(flventi orﬁo?ﬁﬁm ot her p%rﬁ%mnsiggﬁcgﬁpegﬁﬂ%syﬁgv?ng excel | ent
phot ochrom ¢ propelcicesddngltecties paeisentPiAventQ6s- 1Akyably JRh& above

2001- 031 670, JP-A 2001-011067, JP-A 2001- 011066, JP- A 2000- 347346, . JP-A
2000- 344762, © -%%66%%‘7%&?3%/9%886—%12‘989%? ippren ?3‘?7%‘?2?1%%
2000- 256347, b}rPaApEQQQspﬁ&? ?r&&’ué’ix%_g%g O%Q:%Eizroi'rﬁ:c%%QQ@aimQ%éri&E;A

2000- 229973, - A" 2000- 229972, JP-A 0-219687, JP-A 2000-219686, JP-A
2000- 219385, compxisigy ssujegiing 1at 2bsasgh, one- surfaggooef| a FpsAn

10- 298176, JP-A Q9-218301, JP-A 09-124645 _JP-A 08-295690, JP- - 139
and Jp- A o8- FAPRFIRS B o ROURRE SEe R TR Ashe A BiEher Thaband the
phot ochr om ¢ pacsN e a ttdd Ak Eadaseit H Sa pbet &6 e obat Lagpeongssianohe
particularly preferably used because they have higher photochromc
properties dfeidining 9 PhOUACh IO SPMPAUR do APGU FYS 189d thReCPABLBTement
of their photg&Qﬁﬁnic properties such as col or devel opnment intensity and

f adi ng speedlb the present invention is larger 20 than ot her photochrom c
conpounds. Further, out of these chronene-based photochrom c conpounds,
conpounds having a nol ecul ar wei ght of 540 or nore can be preferably used
because the effect of inproving photochrom c properties such as col or

devel opnment intensity and fading speed by the present 25 invention is

o - o o o, o



(CH9~2 H3C 10 These phot ochrom c conpounds may be suitably used in

conbi nation of two or nore to develop a suitable color. 39 In the
curabl e conposition of the present invention, the anount of the

phot ochrom ¢ conmpound is 0.01 to 20 parts by weight, preferably 0.05 to 15
parts by weight, nore preferably 0.1 to 10 parts by wei ght based on 100

parts by 5 wei %ht_ of the total of all the radically p gmerizable nonomners.
Wien the anp 44 ermrw?WFE?ErQ%EWHQ imento o1 part by

wei ght, the col or IS

| arger than 20 par tigd/%%l&ov\ﬁg}hdqtsﬁgiﬁﬁgtdm;wnﬁﬂo%%%%%oung d%%g ﬁ%t? g%slsol ve
10 i n the polofrehier @iresaerondreren ttiompl i@ | themhef ebyhéheobpsatsi off sheuti on
may becone heteroe?ﬁgeouseé%nd t he col or devel opnent intensity nmay becone
nonuni f orm ¥ Ttonposition of the present invention is used
to coat ag optical rpeERS ipHedehtPendRatibRCItd Al d@hlaBles19W babi8erO! OF
devel opnent intensity can be obtained by increasing the concentration of

t he phot ochr éniceireSnps@dacits Oﬁhéhﬁhpgkﬁbég opmpheitdeni agdl aysubstramal | or

by redumngthec centr t he thicknes e. .Stated nore

speci fical I y SY4¢ g? %aé?g% %11 ylepl}se‘f & Fgggf: tlYZBOMHrfLﬁggg'ﬁi PRABUE T of
the coating hawdng a €bDaol Grotp bica Frur WhaehCE6omB e igd 18heul gregpused
in an anount of 5 to 15 parts by wei ght based on |00 garts by wei ght of t he
total of ,al IP% hydzedixsls (may \herrokereedobonass” ahdyhheanemert hi ckness

of the copati %Fﬂ uld
be used ?ﬁ an@!%a:lr?g'u%tfﬂ%)a%%“% P%d 1%1};%\/]\5?:1 %e cur;qb“feﬁgwp;ggsaﬁon of
t he present iimomyaratergyohpr (hay hmma&lem-reddtbla/sas izvclyanate monémerant
anti oxi dant , radi cal scaven r,_ ultraviolet light stabilizer, 30

ul travi ol et Iqed?ﬁi"f%tcﬁ‘b)e q'é‘f%‘ase agent, discoloration preventing agent,
antistatic agent, kﬁéﬁﬁ%oxﬁ_ﬂ@uné%@ay Dl BB aQeiEﬂé”Eﬂ.l%‘ldeh%&Te'xCﬁer to

i nprove the durablll col or devel opi ng speed, fading spéed
nol dabi ity dft agshat ca:lkﬂra;nnlc goog ufeS14+QH) soexar gneup whbéhr ferlmsoabl end

40 a pol ri t'o nitiat cr dher'na er_in order cure
the corabbe Eakdrdl (I Y A PR ARE Y ML BRLLS nb TR PSR
addi tives. Faroganple, the surfactant may be nonionic, anionic 5 or
cationic. A nonionic surfactant is preferred fromthe vi ewpoi nt of
solubility in poI y FA AL Lveh SFamPles Florfhel enep|€dleR £AEMAOAI oni c
factant i I t
Surfactant | MG SUMALY Aardey e £51 fhfuall KROLDSI ALY GRELE ES1ET S,

decagl ycerin fatty a p gyco pent aer Prto fatty
aci g_ test ers, (msiyg)c-mt Rylsaa mﬁt b&'buba)t tarﬂbﬁyestfyttsgrcmi y(esyett)hxlrene
sorbite id este rin aci sters

ol yet hyPBne A e REFLAsdiRvBirE ey Bo yhdEfyPend. Radfs tfptots
2?L§FXZ?L2¥LG‘“%&PJ3%§%§%%E‘3%| Phont e e 3 LA T
oi | har dened dabitsorlagtdne podrydx y=din0 eSi=) anoI i nl anoI in al cohol beeswax
derivatives, polyo t 1 t c erne

- al kyl phenyl 20 for%%d%#y%%c%n%ﬁggge?%né s%t% gf%n%gléﬁfgé | ene

al kyl et her s hydidwisss i)y falkeroy $1 1Y @:BOWEdrI eimynrbxyatutym gi:oupo:ter nor e.

The armunt of the surfactant is preferably 0.1 to 20 Earts by wei ght based

on 100 pA tsIHiF SRt Alkneysbtet %’FO‘APIh?}ﬁ%ngoPE}ne FQ&BFegﬁBHBnﬂf’% 25
As the anti ox ¢ganf .~a" I |Iz

ul traviol et )ﬁi g’ﬁt‘I gggﬁ&gﬁ?&oﬁt%%ﬁﬂ%ﬁr& g?ggfléi{.hge §he am1r¥el ?8%
stabilizers, du edthlomyspﬂarﬂograupimimmmsstppeeﬁerbadmaamQ:aJt easvdygers,

sulfur-based nt|OX|d benzotri e- d co oun

benzophenone- Baﬂ&sgrﬂ*ﬁ% a‘fiﬁ'rg 8?? Xt%yn Bﬁ§gé?és@a£iﬁ?§’é:rgnd
ultraviolet I4 beuﬁte%ﬁrﬂiﬁﬁéi erold EaviebatatdBy Absarkebs HEy1hetused in
conbi nation of two or nore. To use these non-pol yneri zabl e conpounds, a

surfact aRf nmehpfiaengsl upencthe phys ralvprieorer tdes ofi theicurepredyctal
scavenger) ul travi S | . | t b .. The
anount of the antleﬁ%fé&grﬁe%h?’afd%@gléésﬁ(\glaen &olﬁ rrge)tivzleo %gjl}l g':f%t %ggfilei zer
or ultraviol eindwmfﬁammmrp¢3yméfiﬁ'ﬁbéygﬁoﬁﬁ§ brerD1pEiE8 Dyby wei ght
based on 100 parts by weight of the total of all the polynerizable
nononers. Qut “!ﬁ l’%)rﬁc%ﬂd?/iél FEOB /i Q@FEh)GCHYF#BEF-e@r%W RenLiveRlvasBuchzer
is a particulgl e t f e
present i nvent| on 'S used‘ﬁa(gjp'aé*% %reawng r?rﬁ%%?%g?&gegggggﬁlbt bg?@ eratl%l? t he
deterioration of the photochrom c conpound at the tine of curing the
curabl e conposition or inproves the durability of its cured product . The
hi ndered am ne light stabilizer is defined as a conmpound ot her than the
am ne corrpound of the present i nventi on. Any 15 knovvn corrpound may be used




ot her than the atnospheric pressure |ike a vacuum plasma treatnent, the
surface of the resin substrate is not uniformy treated and becones uneven
'di sadvant ageously. Since the air tightness of the apparatus is required in
this case, the 10 production system becones relatively bul ky, which is

di sadvant ageous from an econom cal point df view The atnospheric plasna

treatnent is a treatnent which is generally carried out at a higher

pressure t haf M@ H It FFHRUR r cBimEht 95REP} t 31p¥ &sILEPEP 0K gher

t han 15 about rr ich { h r I u a
troatment . 1T gd e SH Y o kRey £o8' FREYR1Y, PR v¥IRBIT TR AR,

at nospheri ¢ presslurgranp .t fel kyik fgreeupfot hetyryl hgrabput tE60radicaldlyi ch i s

slightly different accqrding to altitude. 20 kno introductio as nm
be ueed as { RP iR T AP d, SERuD A HAKS A SOP AL EUPRER: TofRTO LS af t880r
t he i ntroguctdylytiftudrich HEG udle’ a1 Ry i (Rdibs BXUACAT o AVEY PHRIbuffhR9ing

di oxi de, carbon nonoxi de, sulfur dioxide, argon, helium neon, amoni a,
chl ori ne, nitlk 5geh qathon dsomsi suchas metiydxgreunndce thylbgromphonrbayadd

gases such as_CF4 and F6. ALr nitrogen.is_preferre m.t he

vi ewpoi nts of 34 aH i%ﬁld:%é'aggoéll?d %é‘&f’r ?\yg‘l ga—‘?&g i gF i‘%gﬂ?rf’ﬁ'gthyl

i ntroduct i on gfsfup!s erhlidye @ tin D HYHI0 Griduds TR 1treAGFeR hﬁdph?ﬁebﬁ?hy 80
%RH or less, 30 nore preferably 40 %RH or |ess at 24C, ich ditffers
accordi ng to SRR ¢ ithes rafiecaldip aukanarkzmblrt SFoMmi kg 8he rel ati ve

hum dity,hS j ](_j%?fno n a e t of .the
i nt roduc%Ponz(gnaeg"}f?Lsgecd‘t%Orgyt e a@%ﬁ%ﬁgf i %Hp{)ﬁé%’giFsHP:SE?t ggshF]érst %er, t he
rel ative Audaidited condidnaubgt itatéér elkydf grbepi, nakgdugiroap @S i S a
relative hum dj.t efore the gas is introduced into.the atnospheric plasma
1 adi ati on dokitle SIS B 6 PRedad S Foon APy tEo9eHe SBB 05 Pae.
the effect ofghdy ol NEaPL B SEON(RYLh P&cﬁ&@?ﬂhsibﬁpphﬂaméhtef BNt
beconmes extrenely |arge. The nethod of producing The Introduction gas
havi ng t he alhMeanal group hemi groypighhoh Harmscal ailanpilngredyp Wyen gas
other th t he jent air is used, it has the above 10 relative humdity
or |less ;ﬁenmxéﬁ@fﬁh out froma commercially available gas cylinder.
When t he anbi ent aigut %mmswmdmm@ipOM&pﬁ@sgev@gée?gp at nospheric
a

plasma irradiation device is installed.is used directly or ter it is
conpr essed by(ReEHIAFEELANL FHQUPRT eI ) ACIVGHP YA Okt §F0UB IhBsefersfdpi pe

filled with i gélpjgﬂa u r al.eium
chl oride or %lﬁcgﬂé}e )to dj%jé)%x?tgp&r’g a%?v@gﬁgnpggtkgéggg g%?&t ttglre of
course, if thelewpeainte dfinncguisbtioheceasdi and highi poiyhérdzabtlytiyow,
the air es not need to be le asg through, the water ahsorption pipe. 20
The tempeBature of WA FRETBEGERFERAAR BeeaLiN T HenaraBdiErte T ekohe
treatnment is Julatdps téﬁt&@ﬁhyn%laléfﬂahai gE8hpr 8Y nydrotipeisanad @f -5 to
100C, nore preferably 5 to 60 C. The plasma irradiating nethod in the

at nospheri ¢ pradgigably tpelymentizableogrpupt el nepyesentedd byutthehe
foll ow ng net i e F exan . (1) aresin substrate is
nounted to afg%&?zjb%i%gf@gv?%eﬂéhdé%méﬁﬁ is irradiated while the resin

substrate is rotated, ER ) a resin substrate is nounted bel ow a fi xed
pl asma irradi Etion unRi md noved 30 in horizontal and vertical directions

automatically manyal Ay{s0 t thepurface of the resin substrate is
fgi_vwr&t@ %&@m&ﬁ ar (3)"( resin substrate is fixed and a

uniformy tre
plasma irradiation u i{ j;)s noved in horizontal and vertical directions

automatical ly or manua R ¢SO0 that 48 the surface of the resin substrate
[ i f t ted wjh pl . Ln the at heri t t

rash |1 k85 hORETRAR Ror L AR PO OB S7poguch: 264 Rore BAge: - 5
al um num Staiﬂ&%éé&@iyr O4n SHBc§BY gh8up NS8EYEAgkBLE BryaBylegeap . t e

resin substrate and the plasma irradration unit . By using this nesh-1like
sheet, the dikthardgvalkenfetteitetravalegthenganict nesidnadcerotpthd ddsin

substrate subjeqt t e ma_tgea becr ced and
The 10° at mos pheAdttd el Do InERIE JriHfln o 18Tk e 680 06e [PRECRE ST
deteriorating tiwe aurirmesgedf dhe resia, uldsd radl enteydhef oMten 2,hé is

mesh-1i ke sheet is used, relatively high adhesion can be obtained w thout
the step38f ARaAMHRESE tHf wht &P 3r aRGoRghRi ansdpbederaprfel tRe3at WddPheric
plasma 15 treg ovPsderkigscai bed hegeingftey. Although the surface of
the resin substrate may be coated with the curable conposition containing a
phot ochrom ¢ conmpound directly after the above atnospheric plasma
treatment, the surface subjected to the atnospheric 20 plasma treatnent of
the resin substrate is preferably cleaned with a solvent (to be referred to
as "cleaning solvent" hereinafter) before coating. This cleaning makes it

o . o o N o Y b1 N . o



54 TWMPT: trinethyl ol propane trinmethacrylate (hono-HL = 122) DPEHA:

di pentaerythritol hexaacrylate (hono-HL = 100) UGA: urethane oligomner
hexaacryl ate (honmpo-HL = 100) (U 6HA of Shin Nakamura Kagakusha Co., Ltd.) 5
EH6A: pol yester oligonmer hexaacrylate (honmo-HL = 100) (EB1830 of Daicel UCB
Co., Ltd.) GVA: glycidyl nethacrylate (hoho-HL = 80) BPE:

2, 2- bi s(4- et hacryl oyl oxyet hoxyphenyl ) propane (hono-HL = 110) 10 9CGDA:

pol yet hyl ene [gl ycol diagryl at¢ having an average nol ecul ar wei ght of 532
(honmo- HL < 2Q) MePEGVA (RA75): [net hyl ether polyethyl ene glycol nethacryl ate
havi ng an avédrfage,nol gcu| a ight of 1,000 (hono-HL < 20) BPE oligo:

2, 2-bi s(4- acryF@yizmwc%w i Qe 15 -g(é)col phenyl ) propane havi ng an aver age
nmol ecul ar weilght 0¥ 7 ‘B?I ono{HL < 40) (2) am ne conpound NVDEA:

N- net hyl di et hanol am ne Q MA: [N, N- di et hyl am noet hyl net hacryl ate 20 (3)
phot ochr om ¢ [conpound hfeémemg 1 55 chronene 2 H3CO0 chronene 4 (CH3)2
chronene 3 56 chrgmene 3 HOCH 5 (4) polynerization initiator Cd 184:
1- hydr oxycycWiesedimRerand Retanee e@Pk 1ndeneodenitilyxantaidiicl 0Gonp3: atyl

coat Sl ut | o LROoRE Seutaahelpr ob T AL RSB ES ERLPRRRIRER phdbarEl

Tokuyama Cor peysatdudl) gourf,) stabll radick®195polymerizable group, b is
bis(1,2,2,6, 6-pentanethyl -4-pi peridyl)sebacate (7) optical material CR39
(al Iyl - baBed 3edpkegpases O F6n£'; cri$ @acipbegprdek 0-te 204 g aprinteger .
(t hi our et hane-das resi_n plasti ¢l alef Lacti knd 0 mene
6 57 TE tﬁieiog%ogy- gglge ?’tgs%ﬁ %ﬁgggle? Pgng’; ¥r8e?r'a@#%ekPgdéﬁogm%.gn)
PC (pol ycar bdihette tr eisic) pldsti®, | ens; refractive index = 1.59) 5 SPL
(methacrylic resi gs p; astic lens; refractive index = 1.54) Exanple 1 3 parts

by wei ght of chro 1, 5 parts by weight of N nethyldiethanolamne, 5
parts by wei gCt of 65,
e’

L
wei ght of CG WZ;Héi

m xed with 10 rt|s y welyht of pol yneri zabl e nononers consisting of 5
parts by wei ght o&n?) met hacryl oyl oxypropyl trinmethoxysilane, 20 parts by
wei ght of trinmethyl ol®ropane trinethacrylate, 35 parts by weight of 15
2, 2- bi s(4- netwWirredro R oy eithaixghegybapromansgl §Ropsr,t R? bndvr? gitte 8hch
uret hane_ol i gomer hexaacrylate , 20 parts by weight of polyethyl ene glycol
i acryl ab8 hARIRPEIFIGRHAGN ok ckI SHOWRY GHY bSTaIP %1 2Y I &acsiy Riei ght
of gl yci dyl a t e ki i J | hi 1 xed ution
was measur edq%t ggﬁgnﬁgﬁ’; énék?\%gglrﬁagtg}%ogtft éSeé :ls'n %g?oégaﬁégeang%h

JI SK2283. Whaf thdovizscos ths ah tindegaaplof Wasocl,candt ddikr am Lheegbtai ned

ki nematic viscosjt dt asur ed ecifi ravjity of the s | e
ai:cordi Ing ;/:) O[ﬁzi f%‘? 2"{]‘1 aw%j@?g%%%iu?f/oYi%’ lj"ﬁfngrr'él}t/t’cxvf"s('?ogi t_‘y%?ESt) 25 X
specific gravity (ghcHBb] abbireBSridla®. (Blhasequgnt RY,1akela1%kyd ghkotibe

m xed sol uti on obtai ned by the above nethod was spin-coated on the surface
of a 2 niPt hidk 3AVdsIr@IPens IECRePrefengbivieaan GRWR SRV DL FPKASA

Co. , Ltd. at uti of, . 6 p, r e 0.r for
seconds and 11,&6;(?8%;36%%71%?“52i?e%%%d@igﬁﬁgiﬁogfg%sﬂéﬁo\?\%s hea%fé‘sggé %&’ a
nmetal hal i de 1amadbon atons @ensdl it 1k ardicy fivona thiet ydgepodats of

at nosphere for 2 mnutes o cure the coati'gg film Thereafter, the |l ens was
heated at 12R%3% At FHOUWRI arliAnRt| IrPeRsPYsRRIRALYais| a8t kepRA89 58

subjected to & L4 di seRarfed1r et ot Sd t R4St hdPO050f Kyoto
Denki Kiki Co., Ltd. to nodify i?t s%rfacoe. Tlfréglo ta‘iﬁﬂed fens ha?/i ng a
phot ochr 8@ ¢ sikatiipenyer Exanpiesd off thesphstiuentsimelude adkyium

b ion 5 | | | i i di d
Goran |1 by, -yt Bevingoh ol 1A GARHBLR oms T SR An e HREL Rt P bR
coating | ayergrdish bha pgro¥Desoudf, RAPo&ORY 1 RE-dubLhaYnbetbold ewrben

met hods. (1) maxi mum absorption wavel ength (~, max): The obtained 10 | ens
havi ng a photaddmBuchcast thtorepethndsgresipsnd fylfiaoromedhyl ggoupy

SHL- 100 I f t t Qi . Ltd. th h
S 100, XeNoT 00 o SIS ) 59 Bheropd o SIS0 TR
pol yner pf 3@roup - exhbxgNdardhimrh® dutuRy- g2oupV @y lakd oapise ip&iiaigue of

20 i C 15 for 120 seconds to devel op color and the maxi mum absorption
wavel engt h wd® dift HHRPHY2 RS sPach r dphdEeREL cFTPRPPDREORPRELaAEINBoUS

mul ti-channel JFH}FZE t Kk shij y , Ltd. The maxi num
absorption wavel eng&ﬁ&?‘g %%%ngé?%ﬁym ?ﬁgtege thrgﬁfelgogrgg\?él oped color. 20 ( 2
) col or devel opnent intensity: The difference { E ( 120 ) e(0)} between
absorbance {E(120)} after 120 seconds of exposure at the above maxi num
absorpti on wavel ength and absorbance {E ( 0 ) } at the above wavel ength of
a cured product which was not exposed was obtai ned and taken as col or 25

M. o " A " o o, - .

nd 0.4 part by weight of Cd 184 and 0.1 part by
§mariza on initiators were added to and fully
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1nao atoms, the most preferably methyl group or ethyl group.

R? and R?® in the above formulas (1) to (3) are each
independently an alkyl group, aryl group or acyl group.
Examples of the alkyl group and aryl group are the same as

20 those listed for R' and preferred groups are the same as R’.
The acyl group 1s preferably an acyl group having 2 to 10
carbon atoms. The acyl group may be an aliphatic acyl group
or aromatic adyl group. Illustrative examples of the acyl
group include acetyl group, propionyl group and benzoyl

25 group.

A 1n the above formulas (1) and (2) 1s a divalent to
tetravalent organic residual group, preferably a divalent

- to tetravalent organic residual group having 1 to 30 carbon
atoms. The structure of the organic residual group is not

30 particularly limited and may have a side chain or substituent.
The organic residual group may have a bond other than a
carbon-carbon bond, such as an ether bond, ester bond, amlide
bond, amino bond, urethane bond, thioether bond or sulfonyl

bond in the structure and may further contain an oxa group .
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Nri &G Wmrl aH~d OU-~CWU 70 r As obvious from T Tables 1 and 2
above, the curable conpositions of the present invention conprising a silyl
nononer and/ or an isocyanate nononer and an am ne conpound in an anount
within the range of the present invention had 5 excellent adhesion to the
substrate (lens) and to the hard coat maflérial. Further, in Exanples in

whi ch t he am)unt of the sil nmononer and/ or jsocyanate nononer was 0.5 to
20 Wt % based (3R tHhe (#g%'lullacsh‘e hots it i bt Fobrers? AdndREoh’ and
scratch resi nee - r @@F’% 16 in which the anmount
of the silyl %ﬁn%mﬁ%dgc#}?s%%%#ate rmn%rr%régwagfsrral | er than those of

t he above Exam@l gsouﬁh@mmeﬁbwmmntutnngrtshage padupg pdhe abdve
durability of b ﬁ q: chrom ¢ conpound were higher than in Exanple 6 or 18
in which theS Telatively large at 15 30 wt % The scratch

resi stance was hi geqnwhel &otmuila Sngrlqnqnd/va@ psed 4 %y@mim i socyanate
nononmer was used (Exanples 16, 17 an As under st ood from-conparison
bet ween Exanmoé-mrdr@bitmeg‘r@@rﬁﬂ@s aa\h@ne‘ah)@tpl)}dpbhsedoﬂpnoner is

cont ai ned as yneri-zabl e mono 254 Ol 0 ton{ he s bstr 1é2§| ens

and scratch r(é“5| S )éar?géﬂtogn l:%r?“}ﬁ);%?/ jdv%%  Phdtoentd '331151? %‘éﬁ'

nmade excel | epjrous, Y@Ah )dcriely ehamikddgréoup No£OREtRY A¥Ly EsgBheol tO 3
and 6 to 11 in which a silyl nonomer and/or an isocyanate nononer or am ne
conmpound was QﬁﬁuR)orﬁlﬁ?ﬁfe’cFlbﬁfe%(ﬁJh InsEest btuted evaRYl cgre8Pred, adhesion
Lo the Supst il da it Jor2 b dith P £ O a TR £ Lo Sofx%ﬁﬁﬁ?ii’ul:%’
When t he anount o am ne conpound was bel'G e rahgée o € present

i nvention as cahmnnsu‘bmmm@dlsrwﬁxhrmmld aad@escnnbéd abevaubsyrig e
(lens) was poor and when the 30 anmount of the amn ound_was above the
range of the pﬁ%ﬂb]%\?en{]"i‘%ﬂlb%c%?%llW@bﬂp%Faf‘?‘?EgE?‘&ﬁ%F'EY5°xgdhesi on
to the substrgigud! ens) and to the hard coat material was also extrenely

|l ow. Further, in Conparative Exanple 5, the initial discoloration of the

| ens was stronger Oudr g&r the) silyil mmﬁmrrmr@se@mw Conpoaabovee

Exanpl ost30 LIl MEERIhARRREF e PREpRLLeanEy AR BB-hba T loR . o

1 except thatprdfained laid es silginmohoned eebregentededy thal acelewinge
CR39 allyl-based resin plastic lens as an optical substrate, and their
physi cal pr ofimEa V\(e‘“g FeRaFetcuiaely cRueferEed: shown in Table 6. O
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physi cal propertiedn Sh&ahgiefostuie (36) CBF disl @ hygimugsint abos oxhinehhyl

differed.Ln viscosit re usi n riz no hown in
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WM Mn MD M Nri ~CWDCW r 77 As shown in Tables 7 and 8 above,

t he curabl e conpositions of the present LAvention showed excell ent adhesion
regardl ess of their viscosities. Further, the thickness of the obtained

coati ng Iay_eP§°€8r}I FEPe &SI BRI §TR%Rd to 10 to 100 pm and nade uni form
by controlling theryhge@shkyva! e2afmpi@s?@ @red 3Ry il hRJigrPhot ochrom ¢
materials which were free fromcol of devel opnent nonuniformty upon
exposur e andréprelsepédd dyorthenighmve Edrmmashe( Ehttoe(3urinctudé the | ens
could be obtained, It igghs consi dered .t hat col or. devel opment nonuniformty

caused by a ¥rBeFharrY PEREEYPHOPY mEEAMEE a5 i gnored by adj usting
the thi ckgesz_,ggtﬁa_ggﬁ b9 okybFobg12 t¥alett i@ A ardd1an the predeterm ned
value and that a uniformfilmcan™be formed by spin coating when the

vi scosity of ytmethacapleylbxypmppyilt merthyd dimed hrosdyetiihagle/, smal | t o adj ust
the thickness . of the coating. fid.m.t val.ue | er than the predeterm ned
val ue. Furth P,'aggyﬁ'r?d?%’sﬁo(?%&)f&r%" E%@"?%’%%?’fi%a%?(anpl es and conpari son
bet ween exanglzeadry Wiy dpial imgrhyidi mathoryof1ae he silyl nononer and

the type of the chronmene conmpound are the sanme, it is easy to adjust the

t hi ckness of (SBr@cERIARYRF REY ) tigtmeihex¥Hlb3nem or nore by control ling the
Vi scosi tyq of 3t her gkl iq.;g’ﬁg‘lsd' j £6 invention to 60 cp or
nor e, thié/(r)eb)? Ba ?r?'g%%aiaqnpossi ﬂ%ﬁﬁﬂ% rrprﬁ%’ 25 the durability of

t he phot ochr edilylcdmedihokysidraneargl kyliExtehhexydllanep 15, 31 to 33,
conpari son be aml es 30, and 34). Simlarly, jt is ea 0, adj ust the
Chi Ckness. of Y KIS IPaRRRr LA 56 Jaminsonaietvginet iy B fwtst fhe
viscosity of g R&is; Iﬁ,,@g;&mﬂ'mﬂ PP, or less, 30 thereby nmaking
it possible to furtk?g{rH reduce thel*i ni t%l yel | owmness ( for exanpl e,
Exanpl es 1, B-(3-mningromxyung 33-Jimethinbal aprepe®xhnpl e 13 90 g of

hydr oxyet byl [ a0 'lgp‘é yl acrylate, 60 parts
by wei ghi’gof @%&%ﬁ%%@%i SMéK%P%IfY\gV\%I ) QIO%'g}zialéhi gh-boiling aromatic
sol vent ( Ar orgat(ichilti-ante thexa sl AL trimetDodysli 1dn@art s by wei ght of the
Luper ox 555-M60 thernopol ynerization initiator (t-anyl peracetate of Elf

At ochem Co . diethexyvipgisilapar tlo 3 dbetnylipbsaethexndisihgwanten
substituted i rﬁ%% ized at 125C for 3 hours . As a result
a pol ymer so:alﬁc{uo%lé avl ng ai}%é’ﬁ%ﬁ ent of 65 % was obtai ned. When the
wei ght aver age (mHBradeylowyatity Y -N hi srbetlyoxys bbpglpropyl pdréeth&le, ( Cel

Per meat i omat ogr.aphy), it s 13,500. 10 28_parts by weight of the
o o 28 oI o rd e rRr ogt BT 3 Reh i RoBopth o
pol y(oxyt et r aipatd AR Hidle have fith @y tRYRY age1MBtRGUs 8L ane] ght of 1,

000 ( 21 parts by weight of N nethylpyrrolidone, 40 parts by wei ght of
pol yi socyanat(é‘e(t&@ﬁrdﬁeﬂwm%%k% viethesyasdanea Co., 15 Ltd.,

al i phatic pol 'tﬁ%y%mﬁﬁg{ﬁ:?ﬁgﬁ = i s by
wei ght of chr"%)gnene as P oc%%énﬁg%%%%%%%' ﬁ%géhggy%.gx r;ﬂ;egeﬂ?&g'ht of
di butyl tin ditmmetiteosass il s ymethagsrydoxypirapydt dimwe thypbetihomysiitahéy

di ssol ved_by aq{tati on. Thereafter, about 0.8 this m xed solution 20

of
was appl £8d” % HACSHIXERIRY @W?ﬁ%ﬁt%?’égﬂ%q‘%ns (CR39) with a spin
coater in theSaiE P X85 Ph B8 Pehgd, at a revolution
of 2,000 rpm This %%%ﬁofg?*m%s ex%%%%%fgg igir:l 2gr e% gadi ation to be
pre-cured and tdutenpltiminethddpCYame 40 minutes to be post-cured. 25 The

obt ai ned | en i,ng, a phot ochrom c,coating | was_used as a sanple and
Cts physi cal it R TRe T ot R Py B S Lo RERSRe " xanpl o 1.
The results afexrond 2 ndekd @rPrLoxye tWod@Ps€18ne C. EX. ~, maxCol or f adi ng
durability yell ownessNo. (nm devel opnent speed (%

YI'i nt ens3@ ( nitHirdene Yewersklane, trivinylmethoxysilane,

adhesi ondi ss j i h( i
coat No. (substg}rielﬁs}e%)drlglsl S ﬁ%@g‘% %’E%%%l oﬁ%%&ﬂ%gﬁg?t%ﬁﬁa% Ve Exanpl e
5 As under st aath¥InstHyed 1 &set 68y 9f 1dwapavahyvee Eigipl ethdxghadanen Table 9

above and conparison with the above Exanpl es, when no.t radically

pol yneri zabl & 4R@RRy et hexyed 2@ 4 radical pol yner and a nononer
havi ng an ur ,gic)gng, -JS hBgenaterial ,
adhesion to E;ot aﬂiq‘h%fbsu str%\?gl? %ﬁégﬁ%@?%glggregy&g?émg goor and the
di ssolution of a photochrom c conpound was seen at the tinme of hard
coating. Therefore, this nmaterial was not preferred as a coating naterial.
15 Phot ochromi ¢ coating conpositions used in Exanples 37 to 72 and
Conparative Exanples 14 to 16 are given below. The follow ng nethods were

o .



phot ochromi c coating layer was cut in 100 1 nmx 1 nmsquares with a sharp
cutter knife, and commercially available 5 Cellotape (registered tradenark)
was affixed to the surface and stripped quickly to check the stripping of

t he photochrom c | ayer visually. The eval uation (nunber of renaining
squares after eval uation/ nunber of squaré8 before eval uation) was nade
based on 5 criteria. That is, 10 i ndi cates_ 100/100, ~ 95/100 or nore, D
80/ 100 or noNeRYBERIF jd‘?'etrﬁ)‘fjes Jaﬁ'fbe'x Yje%%lmh%tﬂy%@#-i‘téb%“X%}lFHPekness of
phot ochromi ¢} I f nt of
Filmetrics Co. q%?tpdh anpl e 37 15 Tﬂ’eiiegrl&tl?r ebﬁélg?lggﬁigg%?g}égggiaﬂge

nm t hi ck pl astling Jtgnis- {vesioxpubkanet evigRBEyiekBoxybidaned to an

at nospheri c pI as treatment usin n_atnp asma _irradiation device
(ST 7000 of RSN b HepoT Py Ping| CPERPEEE 1 BoRR AR Y5 HaRhr of ance

bet ween ag 'Wi@@lﬂiﬂﬁﬁbﬂﬁbi Sland'e ¢EMF1 vBspREnaRPyL14AeMhand a SUS nesh
sheet was inserted between the irradiation unit and the lens. Air obtained

froma comrer‘t:lt!ﬁﬂlt)ﬂeﬁ/@twfeowfﬂw*?tﬂblamg used as introduction gas for

t he plasma treatrr\eNg)t . tﬁh n the rela h?e of the air supplied from
the air cylinder wQ¥tmg: €4 (&S IS °<Y PA®Y-usi ng the TR-72S

tenperature adnutAdiys1TBE! yOﬁlethﬁakﬁ:ﬁ@yﬁb%p@%pyﬂ—{:ﬂiéth§ﬂ§§Qﬁ]Hﬁ@t ly,

the surface of the lens sub jected to the atnospheric plasma treatnment by
t he above rretYhU@tMS‘fryﬂtqylmnM]t methy diame thpxysibbanei on A by the

1H DX2 sp CER?J_t o h h 1igxal ution of 60 rpmfor 40
seconds, gOO rpm 2’@3%’}360@?%% 1-1 %jggngﬁ%Y%r % geconds This | ens
coated with t (8- syt 1 oy roopwl ) ihe Uiy Yatmekpozedibyna, netal halide |anp at
an |rrad|at|o(n3[|nte in a nitrogen gas atnosphere

It ut 12
fox 2 minutes x P@Pfﬁ&’&%‘&tt‘hﬁ"%ﬁ B8Ption. The lens was further
heated at 12(fe fHHicrdy T Okfme thy 1 faORE BhPLELtRERYEERAR], C optical materi al

was used as a sanple to neasure Its nmaxl num absorption wavel ength, color 5
devel opnent imgthradryloxyme vy pbetiethoxysllang, lyethémyégxyal@ﬂtwilon

bet ween e le h f

phot ochr bt c TSR REEES | o AR Fer A RkoPolyL FrharBY SR 0Bk anatng
Table 11. Exaimd eﬁeﬂi’acaﬂett&syﬂﬁowl ediméShyEnetnorpalednandlievaEughedhi n
the sane manner as .in Exanple 37 except that air obtained by conpressing

the ambi ent &%e &k megeﬁ'eg&srgasﬁﬁpaaeﬁrem ‘éh%cﬁﬁt%‘f%lféﬂl“yﬂa?va(l“l)aﬂ%
nitrogen cyl |I§g;_e§ &ggfa of air supplied fromthe comrercially
avail able air cylin er#&tg‘bT eva uation results are shown in Table il.
Conpar at i ve' Exanpl €n thetprds$eirt dnoventdone, eghesdbonnbétweeh s mbetuhﬂ:al ned
inthe s manner, as.in anpl e, 37 exge that t surface fthel was
ot {reatly (SROMRAA POBTAEIRA AL 755 DO LRRTPURL K50 A ereEEoPATE 10
mass % aqueousmpémaromoﬁh&e&oettﬂé §b606 3219iLnmbasmard then rinsed Wth
wat er (Conparative Exanple 15 or the lens was imrersed in a 10 mass%

agueous sol ution OquﬂSMWalt iEQGYﬁ@at@OmﬁPﬁH‘F@sméﬁdbPI‘h%%@l I thF Raserny
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mmt hi ck pl asHiC=F ﬁ'S" +€G‘I—ﬁR Qate: CHBP) was subjected to an

at nospheric plasnma trdjatnment using an atnospheric plasnma irradiation 5
device (ST-7000 of Keywence Co. , Ltd. ) for a total of 90 seconds. The

di stance between an irradiation unit and the lens was about 10 and a
comner ci al | y viereitm R Adsrachydnegenatom s nethyk oxnavit.i éndgRs s aphe

pl asma treat e relative humdity of air supplied fromthe air
cyl i nder \/vasr%‘g&%e%&rgﬁ&gﬁ was 14 % at 24 C (using the TR-72S tenperature
and hunmidity mgfler of luchi Seieido Co., Ltd.). The lens sub jected to the
pl asma treatneht b the above nethod was set in the 1H DX2 spin coater of
M KASA Co. , #0 PN _C 3\1¢6ned g&th 3 m of distilled water heated at
about 15 40 C. | con rons t) this point were 60 rpmfor 20 seconds
, 500 rpmfor 2 seconds and 2 , 000 rpmfor 10 seconds . Subsequently, the
surface of the lens sub jected to the atnospheric plasma treatnent by the
above nmethod and cleaned with distilled water was spin coated with the
coating 20 conposition A using the 1H DX2 spin coater of M KASA Co., Ltd.
at a revol uti on of 60 rpmfor 40 seconds 500 rpmfor 2 seconds and 1 000
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lens and a hard coat material. To improve scratch resistance

and photochromic propertiles such as color development
intensity and fading speed when the substrate is hard coated,
it is. preferably 20 wt% or less, more preferably 10 wt% or

20 less. It 1is much more preferably 0.5 to 20 wt¥, the most
preferably 1 to 10 wt% based on the total of all the radically
polymerizable monomers.

These si1lyl monomers or isocyanate monomers may be used
alone or in combination of two or more, and a mixture of both

25 monomers may also be used.

The curable composition of the present invention may
comprise other radically polymerizable monomers (to be
referred to as "other radically polymerizable monomers”
hereinafter) in addition to the above silyl monomer and/or

30 isocyanate monomer. This 1s preferred from the viewpoints
of the characteristic properties such as solvent resistance,
hardness and heat resistance of a cured product or
photochromic properties such as color development intensity,

fading speed and durability, after curing.
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above, adhesi® 5‘51 e PR eqraﬁﬂpt%eo%’é‘? %nﬁ%g B& was rmuch

hi gher when Whewpdinee o mfﬁsuirbrs%é %ﬁ(&hﬁéﬁi]?iffns) was subj ect ed
to an atnospheric plasma treatnent than other 5 surface treatnent nethods.

Further, as under stl‘eoamprewpcct#paﬁ@m@qi@mm@mwi@s t91@1 asmd ot her
Exanpl es, Vm%%l%tr&r r%%igt%)é RQLUGALOLn ¥l &t %[fs”ca égea%'fc SQ&%‘&Et was
used as = cl éani ng solvent Hesion was T 1pr FOved. e under st ood

from conpar i padmettwee pHotoqhmsonric préperttesesudh ) candridev&bdpaehesi on
can be inproved b 1g}ustln t he Photochromic optical materials were
eﬁ%ﬂ a

produced in tife¢ anth ARG WRRE g RATE % ’E%n‘ie@aﬁ’?ff‘té%%a%*m?h%ftype
of the substAt&diRHINy gﬁh é‘ﬂz@cr AGHEE h A1 fPmexcept
that a thiourethane- base el ative umrm(;?ty of tﬁi Ihtr IS&H ??)n%gs for the
at nospheri c pi-zrade Regkwedll her8dessoof| €8 sor Maargl(eaycbet nef8rredi hio

bol ycar binat €% i PHTHRReq ROt ) hEEEMefser)) #0d acatfative 1ens

( SPL ) were %dﬂﬁweemehotna& £E99ng!d HomopP13mdast seah 8NRodigwa@l 1 esi n
. substrate, and their 20 characteristic properties were eval uated.. The _

Cresults are PESRGRESP PAHAE Q¥ lews rwawkbe mefegmedotor a8 phOW DRAFEREES 25

i ni onsi { 6OVRARTDD o7 SEARTBO LS PadPCAet oL o JaRs SIS A0 B EE PRRES Y o

speed m n) dupaliyneni Z24tddh esdmomentbst rat ef i | m t hi ckness

n661. 142~ 4671. 143035681. 143~34691. 045~ e 70 A 2
mm t hi ck?®l astic | eRe EeEM ﬁl's@lﬁ?ﬂ'reat@ %J‘Jwé%aq %edaﬁ rP%qulngﬁgjs’%

aqueous sol Ui P hNR{dd A mendutdd P AeESFE@Snce W IERITYSLB7YREST Bpd
dried and the entire convex 5 surface of the | ens was subjected to an

at nospheri c pleasurined rononsiyenrefitenchreoneonet asht ¢an dbe aeashlevi ce
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avai | abl e ni trerpaIrendritndar nes. 18tuted morthepesiEadutiyonagashben iLhe
pl asma treatrrent .. When the relative_ humdity of nitrogen supplied fromthe

ni t r ogen2eyl iSFAMPIRE tR ARG rARECTibeG shanetpaften. cthisi Agnt he $RSI3Y
-t t {: d
trerergtereg g;et he ;t}ove me h?%l%ne(}fsie%i% F?%'n%?g%ﬁ%xﬁ’bgﬁﬁ’ co%%lgp o?fﬁ/lkﬁggA

Co . , Ltd camiadsmrbdlicﬁa,ndcberp:trtg a.mimfadm]sambéedna\mmiﬂneétaﬂ 25° @bout
40C. The spl |t| ons a%pt hi s point were 60 rgrrgfor 20 s&ionds 500 rpm
for 2 second ?a@Oanip £8r megsuriphqyditsshpsEadenkpgkve EﬁF@ﬁ@ﬁsof

the |ens subwiqg{qjg&]gMﬁql@gm%égepl asma treatnent by the above
met hod and cleaned wth distilled water was spin coated with a m xed

sol uti on3Ohi ch corrﬂhesmlmrpmesi Homhe gliegminement apf el needher s

consi sting of 3 mass ,of

5D b (4 o3RRI Gy POBARGRE o SRS ALRRS BT 255 BRFTReR)22510R:ungP"

2, 2-bi s(4- acrcadnmlm@ﬁmltnatm an@r@iqt@bﬂwxﬁ@rmmg&@uprsgcaﬁtayﬁéage
m)l ecul ar wei ght of 776, 20 parts of pol yeth | ene ycol di acr | at e havi ng
an average ndifethEFhaEgemasonss 150 bmes: ¥§dof q"g‘!%/él (W’Ial@e AskveiLlate, 4

parts by nmas t 4 6 d by
mass of Cd 1 Af&r drﬁy O50 r%ﬁpart ylpé;r‘ﬁsér g%/u%sﬁ%gp%ghﬁ%?yn‘gﬁiggt Fgﬁ |a§|8t %at ors
as a coating conposition using the 1H DX2 spin coater of MKASA Co. , Ltd.
at a revolution of 50 rpmfor 40 seconds , 300 rpmfor 2 seconds and 600

rpmfor 2 seconds . The lens coated with this coating 95 conposition was
exposed by an eI ectrodel ess rret aI haI | de Iarrp ( Mbdel FSOOSQG of Fu5| on UV
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96 2, 2- bi s(4-met hacryl oyoxyat hoxyphenyl ) propane, 10 parts by mass of

pol yester oligoner hexaacrylate, 20 parts of polyethylene glycol diacrylate
havi ng an average nol ecul ar wei ght of 532 and 10 parts of gl ycidyl

met hacryl ate under 5 agitation. Exanple 72 A photochrom c optical nmaterial
was obtained in the same manner as in Exafple 70 except that the coating
conposi tion was changed to the foll ow ng conposition. Its 10 characteristic
properties WSO & Measiread s it AsCPRSERBRPYR1UG: The results
are shown in Table . i it Fﬁ%‘ipé - i ogition
was obt ai ned by adgilli“%g agﬁggmq%d%ﬁ%%tﬂp?g’% J‘:biy rrassq%(?g%%?%rr%an‘gqup % 4
parts by nashonfopdiryaremnd -Erad eaRocw2llahtriyies8se£060 or more (may be

6- nmor phol i no- 3-(4' - pj peri di pophenyl ) - 3- phenyl - 3H benzo (f)_.chronene. as
chr onene conﬁ&f(ﬁﬁepésgﬁa?ﬁs%qﬁ%#%e% Mm%’fﬁm teF abagnthfi ne
conpound, 55 REfeOYE idgptha S5 et E‘@%&%‘%a@%&l%@?&‘ﬂQEE%n@HQaQ- 4

part by mass 20 of CA 184 and 0.1 part by mass of as pol ynerization
initiators winesiksdmnee tef By eursd redugheaf tabl eunbngnerko coake sthhyg of 5
parts by nass - met hacryl oyl oxypr, trinethoxysilane, 20 parts by nass
b tri nt hy! SRS R A TR EBA 1LY BARETERY San e Gonsmei havny

2, 2- bi s(4- et Agnd guil yinere t NOyPIEe Wb heDENBardRe 83 b8 B8 ¥BS330f is

pol yester oligomer hexaacrylate, 20 parts by mass of polyethylene glycol

di acryl at e hadefiprwredwer age nol ecul ar wei ght of 532 and 10 parts by nass
of glycidyl nethacgyl,at der itati 9 = | or

- devel oprrgét vi sual é%lé%uzﬁlggln%gfﬁﬂe(%mﬁn oerﬁés)ll‘y sonaZa %- el\l/e(?ovp%jdcnnﬁégo

col or 706100. HinerdiBpQ. ¥801 5y preFeFari300. O6l ranftadly/p&xyméieikadilisg

speed (mn)durability (% adhesj one_&subst rate)fil mthickness
(~.un) 700. 938XAPPE - 1 XFCAPEXLHREFFRLLR OF peund grecFeBRERSsBsse, a

phot ochrom ¢ yurigth PFOLIIGEL i@&,ﬂ@fagxwk | g9t (2ghesi on between a coating

| ayer and a substrate as well as excell ent adhesi on between the coating
| ayer and a hard Loat can be obtained fromthe curable conmposityon of the

present inventiop. Further, a cured product which has extre y

excel | ent phot ocjhrom c ,propertie uch as high color el opnent \intensity,
hi gh fadi ng sp¥eeGHD-FCH CIOCH,CHyCHYCGHICH GeCs5tGHned hy(7)

adj usting the anpunt of\ a s 4yI noner and/or an isofyan tg mongmer. Si nce

the curabl e conpbsition of Bhe prfesent invention 15 hds tfR“above excel | ent

characteristic prpperties, it is extrenely useful as a coating peferial for

an optical material such as a spectacle |lens. A photochrom c optical

mat er i al 1baviwipmxieRFens alip@sogen atiorcen me thydi greups Ratle ehgdrogen

phot ochrom c coating 20 ] ayer can be, obtai ned by bj ectiing the surface of

the resin sutfst9M¢ é‘??BméL %Epﬂﬁr?Eh}Sﬁ'agﬁﬁuPreE?ynéerﬁ a ﬁ?%‘??glre,nt( HeP

adhesi on can fgcd v 1d10E dPPLPVE rdli G LAY S NEE NG5 idh IRRSged! @ gt Ro

wat er, an organic solvent, or a mxed solvent of water and an organic

sol vent after3ihe dismpHartiagey afid 2B tI.e@nded 1sTlha ghdeger ofi 8 &pti cal

~material prodéjcti on process of the present invention is extrenely useful as
a 98 process’ for providing a photochrom c optical material which has

excel | ent photochrom c properties and excel | ent, adhesi on between a
phot ochrom c¢ coating | ayer gfl_@?(resi n substrat Hd9 CLAIMS 1. A
X i

curabl e conposition conprisyn 1) 100 parts ﬁht of radically

pol ymeri zabl e monomers; 5 (f2) (3—H'%t 0o 20 parts b %f an ami ne
conmpound; and (3) 0.01 to 20 parts by wei ght of a phptochrom c conpound,
said radically polynerizable rs including alr |1y polynerizabl e
mononer having a silgnol gtoup or a group which fpr a silanol group by
hydr ol ysi s, and/ orRa radic Ilgflo pol ymeri zabl e n r hafi ng an

i socyanate group. . The bl e conpositiqn af jclalm ic as a

vi scosity at 'ﬂié)f il <pP ?P e Puyabl® cprp m&f@n of @ ai m
1 which further conprisses a\photopol rizagion/initiatgr. 4. A
photochrggic cured product oRtained by curing t curabl'e conposition of
claim1l, or 3. 20 5. The curable conposition of claim1, 2 or 3 for
coating . 6. whé¥@iWRAf 0BILhoArbGaNh G birahe VPP HIrdUR) B 1S Eeidadendvi Ng
at | east one surface coated with a cured product of 25 the curable

conposi ti on ATARIeresigugd groyp, DAl pdgtbsal et opgaade ¥R HApkb OO Poni ¢
optical nmaterjaal &oggréﬁiggtggéybﬁkrgtg hayi ng at |east one coated surface,
the process conprising curing a thin fiPmof the curable 30 conposition of
claiml1, 2 or 3 fornmed on at |east one surface of the substrate by light or
both light and heat. 8 . A process for producing a photochrom c optical
material, conprising subjecting at | east one surface of a resin | 7. 10U
substrate to an atnospheric plasm treatnent, coating the plasma treated
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group. F 1s an alkylene group which has 2 to 9 carbon atoms
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alkylene group having 2 to 9 carbon atoms in the main chain
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8 dimethacrylate, 1,4-butylene glycol dimethacrylate,

l,9-nonylene glycol dimethacrylate, neopentylene glycol
dimethacrylate and neopentylene glycol dilacrylate.

10 R?*® in the above formula (11) is a hydrogen atom, methyl

group or ethyl group; and k i1s an integer of 2 to 6. When
k is more than 6, the homopolymer L-scale Rockwell hardness
tends not to be 60 or more. k 1s preferably 3 or 4.
Illustrative examples of the compound represented by
15 the formula (11) include diethylene glycol dimethacrylate,
triethylene glycol dimethacrylate, tetraethylene glycol
dimethacrylate, tripropylene glycol dimethacrylate and
tetrapropylene glycol dimethacrylate.
These radically polymerizable monomers having a
20 homopolymer L-scale Rockwell hardness of 60 or more may be
used alone or in combination of two or more.
The compounds represented by the above formulas (7) to
(11) include compounds having a homopolymer L-scale Rockwell
hardness of less than 60 according to a combination of
25 substituents. In this case, the compounds are classified
into a group of low-hardness monomers to be described
hereinafter or a group of intermediate-hardness monomers.
There are high-hardness monomers which are not
represented by the above formulas (7) to (11). Typical
30 examples of the compounds include bisphenol A diglycidyl
methacrylate, ethylene glycol bisglycidyl methacrylate and
glycidyl methacrylate.
The curable composition of the present invention

preferably comprises a low-hardness monomer having a
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include bifunctional monomers represented by the following
formula (12):

R23 R23

| |
H20=C—ﬁ—2—6?HCH22>—6 |-|0szﬁ»ﬁ—(‘;——m-l2 (12)

wherein R*® is a hydrogen atom or methyl group, R?*! and R?®
are each independently a hydrogen atom, methyl group or ethyl
group, Z 1s an oxygen atom or sulfur atom, m is an integer
of 1 to 70 when R*® is a hydrogen atom and an integer of 7
to 70 when R?*? i3 a methyl group, and m' is an integer of 0
to 70,

and the following formula (13):

R26

R26
Hzc—cls——ﬁ——o ?—c——o>» fo—zl:h Té=CH2 .(13)

R’ R® /1'0
wherein R*® is a hydrogen atom or methyl group, R?’ and R*®
are each independently a hydrogen atom, methyl group, ethyl
group or hydroxyl group, I is a divalent organic residual
group containing a cyclic group, and 1’ and j' are each an
integer that ensures that the average value of 1' + j' is
8 to 40,

and monofunctional monomers represented by the following
formula (14):

@$
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are each independently a hydrogen atom methyl group or ethyl
group, R*? is a hydrogen atom, alkyl group, alkenyl group,
alkoxyalkyl group, haloalkyl group having 1 to 25 carbon,
aryl group having 6 to 25 carbon atoms or acyl group having
2 to 25 carbon atoms other than (meth)acryloyl group, 2 is
an oxygen atom or sulfur atom, m’'’ 1s an integer of 1 to 70
when R?® is a hydrogen atom, 1 is an integer of 4 to 70 when
R? 1s a methyl group, and m'’'’ is an integer of 0 to 70,
and the following formula (15):

Raa

Hzc=é_@,_o—n‘“ ...(15)

wherein R*} is a hydrogen atom or methyl group, R** is an alkyl
group having 1 to 20 carbon atoms when R* is a hydrogen atom
and an alkyl group having 8 to 40 carbon atoms when R*? is
a methyl group.

In the above formulas (12) to (15), R**, R**, R* and R*
are each a hydrogen atom or methyl group. That is, the
low~-hardness monomer generally has 2 or less
(meth)acryloyloxy groups or (meth)acryloylthio groups as
polymerizable groups.

R?** and R®® in the above formula (12) are each
independently a hydrogen atom, methyl group or ethyl group,
and Z i1s an oxygen atom or sulfur atom.

In the above formula (12), when R*® is a hydrogen atom,
that is, the monomer has an acryloyloxy group or acryloylthio
group as a polymerizable group, m is an integer of 7 to 70

and when R?? is a methyl group, that is, the monomer has a.
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di(meth)acrylates such as trilalkylene glycol diacrylate,
tetraalkylene glycol diacrylate, nonyalkylene glycol
diacrylate and nonylalkylene glycol dimethacrylate.

R?® in the above formula (13) is a hydrogen atom, methyl

10 group or ethyl group. I is a divalent organic residual group
containing a cyclic group. Examples of I are the same as those
listed for E which is a cyclic group contained in the above
formula (9). 1' and j’' 1in the above formula (13) are each
an integer that ensures that the average value of 1'+ J' 1is

15 8 to 40, preferably 9 to 30. 1i' and ]’ are also expressed
by the average value for the same reason as i1 and j in the
-above formula (9).

Illustrative examples of the low-hardness monomer
represented by the formula (13) include _

20 2,2-bis(4-acryloyloxy polyethylene glycol phenyl)propane
having an average molecular welght of 776.

R?*® in the above formula (14) is hydrogen atom or methyl
group, R*® and R*are each independently a hydrogen atom,
methyl group or ethyl group. R*? is a hydrogen atom, alkyl

25 group, alkenyl group, alkoxyalkyl group, haloalkyl group
having 1 to 25 carbon atoms, aryl group having 6 to 25 carbon
atoms or acyl group having 2 to 25 carbon atoms other than
an acryloyl group.

Examples of the alkyl group and alkenyl group having

30 1 to 25 carbon atoms include methyl group, ethyl group, propyl
group or nonyl group. These alkyl groups and alkenyl groups
may be linear or branched and may have a substituent such
as halogen atom, hydroxyl group, aryl group or epoxy group.

Examples of the alkoxyalkyl group having 1 to 25 carbon
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(meth)acryloyl group include acetyl group, propionyl group,
butyryl group, valeryl group and oleyl group.

m" in the formula (14) is an integer of 1 to 70 when

R* 1s a hydrogen atom, that is, the monomer has an acryloyloxy

10 group or acryloylthio group as a polymerizable group and an

integer of 4 to 70 when R?*® is a methyl group, that 1s, the

monomer has a methacryloyloxy group or methacryloylthio

group as a polymerizable group, and m'’’ 1s an integer of
0 to 70.
15 Illustrative examples of the low-hardness monomer

represented by the formula (14) include polyalkylene glycol
(meth)arylates such as polyethylene glydol methacrylate
having an average molecular weight of 526, polyethylene
glycol methacrylate having an average molecular weight of
20 360, methyl ether polyethylene glycol methacrylate having
an average molecular welght of 475, methyl ether polyethylene
glycol methacrylate having an average molecular weight of
1,000, polypropylene.glycol methacrylate having an average
molecular weight of 375, polypropylene methacrylate having
25 an average molecular welight of 430, polypropylene
methacrylate having an average molecular welght of 622,
méthyl ether polypropylene glycol methacrylate having an
average molecular welght of 620, polytetramethylene glycol
methacrylate having an average molecular weight of 566,
30 octylphenyl ether polyethylene glycol methacrylate having
an average molecular welght of 2,034, nonylether
polyethylene glycol methacrylate having an average molecular
weight of 610, methyl ether polyethylene thioglycol

methacrylate having an average molecular weight of 640 and
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R34 is an alkyl group having 8 to 40 carbon atoms.

These alkyl groups may be linear or branched and may
have a substituent such as halogen atom, hydroxyl group,
alkoxyl group, acyl group Oor epoxy group.

10 Illustrative examples of the low-hardness monomer
represented by the formula (15) include stearyl methacrylate,
lauryl methacrylate, ethyl hexyl methacrylate, methyl
acrylate, ethyl acrylate, butyl acrylate and lauryl
acrylate.

15 Out of these low-hardness monomers represented by the
formulas (12) to (15), methyl ether polyethylene glycol
methacrylate having an average molecular weight of 475,
methyl ether polyethylene glycol methacrylate having an
average molecular weight of 1,000, trialkylene glycol

20 diacrylate, tetraalkylene glycol diacrylate, nonylalkylene
glycol diacrylate, methyl acrylate, ethyl acrylate, butyl
acrylate and lauryl acrylate are particularly preferred.

These radically polymerizable monomers having a
homopolymer L-scale Rockwell hardness of 40 or less may be

25 used alone or in combination of two or more.

The compounds represented by the above formulas (12)
to (15) include compounds having a homopolymer L-scale
Rockwell hardness of 40 or more according to a combination
of substituents. 1In this case, the compounds are classified

30 into a group of high-hardness monomers described above or
a group of intermediate-hardness monomers to be described
hereinafter.

Monomers which are nelther high-hardness monomers nor

low-hardness monomers, that is, monomers having a
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glycol dimethacrylate having an average molecular weight of
1,400 and bis(2-methacryloyloxyethylthioethyl)sulfide;
polyallyl compounds such as diallyl phthalate, diallyl
isophthalate, diallyl tartarate, diallyl epoxysuccinate,

10 diallyl fumarate, diallyl chlorendate, diallyl
hexaphthalate and allyl diglycol carbonate; polyvalent
thioacrylate and polyvalent thiomethacrylate compounds such
as 1,2-bis(methacryloylthio)ethane,
bis(2-acryloylthioethyl)ether and

15 1,4-bis(methacryloylthiomethyl)benzene; unsaturated
carboxylic aclds such as acrylic acid, methacrylic acid and
maleic anhydride; acrylate and methacrylate compounds such
as methyl methacrylate, butyl methacrylate, benzyl
methacrylate, phenyl methacrylate, 2-hydroxyethyl

20 methacrylate and biphenyl methacrylate; fumarate compounds
such as diethyl fumarate and diphenyl fumarate; thiocacrylate
and thiomethacrylate compounds such as methyl thioacrylate,
benzyl thioacrylate and benzyl thiomethacrylate; wvinyl
compounds such as styrene, chlorostyrene, methylstyrene,

25 wvinylnaphthalene, o-methylstyrene dimer, bromostyrene,
divinylbenzene and vinylpyrrolidone; and (meth)acrylates
whose hydrocarbon chain having an unsaturated bond in the
molecule has 6 to 25 carbon atoms, such as oleyl methacrylate,
nerol methacrylate, geraniol methacrylate, linalool

30 methacrylate and farnesol methacrylate. These
intermediate-hardness monomers may also be used.

The above high-hardness monomers, low-hardness

monomers and intermediate-hardness monomers may be suitably

mixed together before use. To improve the balance of the
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of a high-hardness monomer is preferably 5 to 95 wt% based
on the total of all the other radically polymerizable monomers
excluding the above silyl monomer and 1lsocyanate monomer.
Further, it 1s particularly preferred that a monomer having

10 three or more radically polymerizable groups should be
contained as the high-hardness monomer in an amount of at
least 5 wt%¥ based on the total of all the other radically
polymerizable monomers.

Preferably, the radically polymerizable monomers in

15 the present invention include a radically polymerilzable
monomer having at least one epoxy group and at least one
radically polymerizable group in the molecule (may be simply
referred to as "epoxy-based monomer” hereinafter) besides
the above monomers classified by hardness. The epoxy monomer

20 may have an L-scale Rockwell hardness of i1ts cured product
of 60 or more, or 40 or less according to its structure. The
monomer is classified into any one of groups of high-hardness
monomers, low-hardness monomers and intermediate-hardness
monomers according to homopolymer hardness.

25 | The durability of a photochromic compound and the
adhesion of a photochromic coating layer can be improved by
using thils epoxy-based monomer as one of the radically
polymerizable monomers in the present invention.

Although known compounds may be used as the epoxy-based

30 monomer, a compound having a (meth)acryloyloxy group as a
radically polymerizable group 1s preferred.

This epoxy-based monomer is generally represented by

the followlng formula (16}):

. 8
. 8
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methyl group, and R? and R¥’ are each independently an
alkylene group having 1 to 4 carbon atoms or a group

5 represented by the following formula:
(R%); (R*);

OO~

wherein G' is selected from an oxygen atom, sulfur atom,

-8(03)-, -C(0)~, -CH,-, -CH=CH-, ~-C(CHj3).~ and -C(CH;) (C¢Hs) -,

R*° and R‘® are each independently an alkyl group having 1 to

10 4 carbon atoms or halogen atom, and 1'' and 1''' are each
independently an integer of 0 to 4.

Examples of the alkylene group having 1 to 4 carbon
atoms represented by R“ and R*’ include methylene group,
ethylene group, propylene group, trimethylene group and

15 ©butylene groups. These alkylene groups may have a
substituent such as hydroxyl group or halogen atom.

When R3¢ and/or R®’ are/is a group represented by the

following formula,

(R*)» (R*);

O

20 G' is selected from an oxygen atom, sulfur atom, -S(Oz)-,
-C(0)-, -CHz-, -CH=CH-, -C(CH3),- and -C(CH;) (CsHs) -, R*® and
R*® are each independently an alkyl group having 1 to 4 carbon
atoms such as methyl group, ethyl group, propyl group or butyl
group, or halogen atom such as chlorine atom or bromine atom,
25 and 1'' and 1''’' are each independently an integer of 0 to
4. The group represented by the above formula is the most

preferably a group represented by the following formula.
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acrylate, glycidyl methacrylate, B- methylglycidyl
methacrylate, bisphenol A-monoglycidyl ether-methacrylate,
4-glycidyloxy methacrylate,
3-(glycdiyl-2-oxyethoxy)-2-hydroxypropyl methacrylate;
3-(glycidyloxy-1-isopropyloxy)-2-hydroxypropyl acrylate,
3—glycidyloxy-2-hydroxypropyloxy)-2-hydroxYpropyl
acrylate and glycidyloxy polyethylene glycol methacrylate
having an average molecular weight of 540. Out of these,
glycidyl acrylate, glycidyl methacrylate and glycidyloxy
polyethylene glycol methacrylate having an average molecular
welght of 540 are particularly preferred.

The amount of the epo:ﬁy—based monomer 1s 0.01 to 30 wt¥,
particularly preferably 0.1 to 20 wt% based on the total of
all the other radically polymerizable monomers.

The curable composition of the present invention
comprises an amine compound in addition to the above radically
polymerizable monomers. Adhesion between a coating layer
which is a cured product of the curable composition and a
substrate can be greatly improved by using an amine compound
when the curable composition of the present invention 1is used
as a coating material.

Any known amine compound may be used in the present
invention if 1t is a basic compound which serves as an
condensation catalyst or addition catalyst for the above
silyl monomer or isocyanate monomer.

An amine compound which does not have the function of
the amine compound in the present invention is a hindered
amine compound having only an amino group represented by the

followling formula:
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5 advantageously used in the present lnvention include
nonpolymerizable low-molecular weight amine compounds such
as triethanolamine, N-methyldliethanolamine,
triisopropanolamine, 4,4-dimethylaminobenzophenone and
diazabicyclooctane, amine compounds having a polymerizable

10 group such as N,N-dimethylaminoethyl methacrylate and
N,N-diethylaminoethyl methacrylate, and amine compounds
having a silyl group such as
n- (hydroxyethyl)-N-methylaminopropyl trimethoxysilane,
dimethoxyphenyl-2-piperidincethoxysilane,

15 N,N-diethylaminomethyl trimethylsilane and
(N,N-diethyl-3-aminopropyl)trimethoxysilane.

Out of the above preferred amino compounds, an amine
compound having a hydroxyl group, or (meth)acryloyloxy group
as aradically polymerizable group, a group capable of forming

20 a silanol group by hydrolysis is preferred from the viewpoint

| of improving adhesion. For example, an amine compound
represented by the following formula (17) i1s more preferred
as an amine compound having strong basicity and excellent

effect lmproving adhession:
RUT
y
A

SN {17)
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wherein R% is a hydrogen atom or a linear alkyl group having

1 to 4 carbon atoms, R°” is a hydroxyl group, a

(meth)acryloyloxy group or a group capable of forming a
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1 to 6 carbon atoms when R is a hydrogen atom or an alkyl
group, A" 1s an alkylene group having 2 to 6 carbon atoms
when R°® is a hydroxyl group, a (meth)acryloyloxy group or
a group capable of forming a silanol group by hydrolysis.

10 The groups capable of forming a silanol group by
hydrolysis represented by R’’ and R% in the above formula (17)
are defined the same as the group defined for the above silyl
monomer.

These amine compounds may be used alone or in

15 combination of two or more. The amount of the amine compound
is 0.01 to 20 parts by weight based on 100 parts by weight
of the total of all the radically polymerizable monomers.
It 1s preferably 0.1 to 10 parts by weight, more preferably
1 to 10 parts by welight. When the amount is smaller than 0.01

20 part by weight or larger than 20 parts by weight, the effect
of improving adhesion between a coating layer and a substrate
i1s not obtained. Further, when the amount is larger than 20
parts by weight, the amine compound may cause the yellowing
of the coating layer disadvantageously.

25 A known photochromic compound may be used as the
photochromic compound used in the curable composition of the
present invention. Photochromic compounds such as fulgimide
compounds, spirooxazine compounds and chromene compounds are
well known and may be used in the present invention without

30 restriction.

The above fulgimide compounds, spirooxazine compounds
and chromene compounds disclosed in JP-A 2-28154(the term
"JP-A" as used herein means an "unexamined published Japanese

patent application”), JP-A 62-288830, W094/22850,
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2000-344761, JP-A 2000-327676, JP-A 2000-327675, JP-A
2000-256347, JP-A 2000-229976, JP-A 2000-229975, JP-A
2000-229974, JP-A 2000-229973, JP-A 2000-229972, JP-A
2000~-219687, JP-A 2000-219686, JP-A 2000-219685, JP-A
11-322739, JP-A 11-286484, JP-A 11-279171, JP-A 10-298176,
JP-A 09-218301, JP-A 09-124645, JP-A 08-295690, JP-A
08-176139 and JP-A 08-157467 may also be advantageously used.

Out of' these photochromic compounds, chromene-based
photochromic compounds can be particularly preferably used
because they have higher photochromic properties durability
than other photochromic compounds and the improvement of
their photochromic properties such as color development
intensity and fading speed by the present.inventioh is larger
than other photochromic compounds. Further, out of these
chromene-based photochromic compounds, compounds having a
molecular welght of 540 or more can be preferably used because
the effect of improving photochromic properties such as color
development intensity and fading speed by the present
invention is particularly larger than other chromene-based
photochromic compounds.

Moreover, chromené compounds which are particularly
excellent in terms of photochromic properties such as color
development intensity, fading speed and durability are
generally represented by the following formula (18):
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is a substituted or nonsubstituted aromatic hydrocarbon

5 group, or substituted or nonsubsfituted unsaturated
heterocyclic group, R*}, R*" and R*® are each independently
a hydrogen atom, alkyl group, alkoxyl group, aralkoxy group,
amino group, substituted amino group, cyano group,
substituted or nonsubstituted aryl group, halogen atom,

10 aralkyl group, hydroxyl group, substituted or nonsubstituted
alkynyl group, substituted or nonsubstituted heterocyclic
group having a nitrogen atom as a hetero atom bonded to a
pyran ring or the ring of the group represented by the above
formula (19), or condensation heterocyclic group having an

15 aromatic hydrocarbon ring or aromatic hetero ring condensed
to the heterocyclic group, o is an integer of 0 to 6, and
R*' and R*? are each independently a group represented by the
following formula (20):

£o=81° o
R47

20 wherein R is a substituted or nonsubstituted aryl group,
or substituted or nonsubstituted heteroaryl group, R'' is a
hydrogen atom, alkyl group or halogen atom, and p is an integer
of 1. to 3,
group represented by the following formula (21):

+CEC—);|R48 ..(21)

25
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hydrocarbon ring together.

Examples of the substituent of the substituted aryl

group or substituted heteroaryl group in the above formulas
10 (20) and (21) or defined for R*' and R*? are the same as those
listed for R*® and R*.

Out of the chromene compounds represented by the above
formula (18), compounds represented by the following
formulas (22) to (27) are particularly preferred from the

15 +viewpoilnts of photochromic properties such as color

development intensity and fading speed, and durability:

wherein R*® and R®® are defined the same as R*' and R*? in the
above formula (18), R®!' and R%? are defined the same as R*®

20 in the above formula (18), and q and q' are each an integer
of 1 or 2,
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by reducing the concentration 1f the thickness is large.
Stated more specifically, 1t 1s particularly preferred that

20 when the thickness of the coating layer is about 10 pm, the
photochromlic compound should be used in an amount of 5 to
15 parts by welght based on 100 parts by welght of the total
of I.all the radically polymerizable mononiers and when the
thickness of the coating layer is about 50 pm, the

25 photochromic compound should be used in an amount of 0.1 to
1 part by weight.

The curable composition of the present invention may
further contain additives such as a surfactant, antioxidant,
radical scavenger, ultraviolet light stabilizer,

30 ultraviolet light absorber, release agent, discoloration
preventing agent, antistatic agent, fluorescent dye, dye,
plgment, perfume and plasticizer to improve the durability,
color developing speed, fading speed and moldability of a

photochromic compound. It is extremely preferred to blend.
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polyoxyethylene alkylphenyl ethers, polyoxyethylene castor
oil-hardened castor oil, polyoxyethylene lanolin‘lanolin
alcohol'beeswax derivativeé, polyoxyethylene
alkylamine‘fatty acid amides, polyoxyethylene alkylphenyl

20 formaldehyde condensates and single-chain polyoxyethylene
alkyl ethers. These surfactants may be used in combination
of two or more. The amount of the surfactant is preferably
0.1 to 20 parts by weight based on 100 parts by weilght of
the total of all the polymerizable monomers.

25 As the antioxidant, radical scavenger, ultraviolet
light stabilizer and ultraviolet light absorber may be
preferably used hindered amine light stabilizers, hindered
phenol antlioxidants, phenol-based radical scavengers,
sulfur-based antioxidants, benzotriazole-based compounds

30 and benzophenone-based compounds. These antioxidants,
radical scavengers, ultraviolet light stabilizers or
ultraviolet light absorbers may be used in combination of
two or more. To use these non-polymerizable compounds, a

surfactant may be used in conjunction with an antioxidant,
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15 known compound may be used if it i1s a compound defined as
a hindered amine compound.

When the curable composition 1s used as a coating
material, compounds which have the effect of preventing the
deterioration of the photochromic compound include

20 bis(1,2,2,6,6-pentamethyl- 4-pliper:l.dyl )sebacate and
Adecastab LA-52, LA-62, LA-77 and LA-82 of Asahl Denka Kogyo
K.K. The amount of the compound 1s 0.001 to 20 parts by weight
based on 100 parts by weilght of the total of all the
bolymer:l.zable monomers. When the curable composition is

25 used as a coating material, 1t is preferably 0.1 to 10 parts
by weight, more preferably 1 to 10 parts by weight.

The method of preparing the curable composition of the
present invention is not particularly limited and may be
carried out by weighing and mixing together predetermined

30 amounts of components. The order of adding the components
i1s not particularly limited. All the components may be added
simultaneously, or only monomer components are mixed
together and then a photochromic compound and other additives

may be added to and mixed with the resulting mixture right.
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radiation, benzoin, benzoln methyl ether, benzoin butyl
ether, benzophenol, acetophenone,
4,4'-dichlorobenzophenone, diethoxyacetophenone,
20 2-hydroxy-2-methyl-1l-phenylpropan-l-one, benzylmethyl
ketal, :
1- (4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one,
1-hydroxycyclohexylphenyl ketone, 2-isopropylthioxanthone,
bis(z,6—dimethoxybenzoyl-2,4,4—trimethyl-pentylphosphine
25 oxide, bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide,
2,4,6-trimethylbenzoyldiphenyl-phosphine oxide or
2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butanone
-1 is preferably used as a photopolymerization initiator.
The photopolymerization initiator may be used above or
30 in combination of two or more. Further, it may be used with
the above thermal polymerization initiator.
The photopolymerization initiator is generally used in
an amount of 0.001 to 5 parts by weight based on 100 parts
by welght of the total of all the monomers.
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adding a photopolymerization initiator.
Although the curable composition of the present
20 invention can be used alone as a photochromic material by
curlng using the above polymerilization initiator, it is
particularly preferably used as a coating material for
coating a substrate, for example, an optical substrate,
preferably an optical material such as a spectacle lens.
25 The optical material is not particularly limited and
may be a known optical material such as a spectacle lens or
window glass for houses and cars.
As the spectacle lens are known plastic spectacle
lenses made of (meth)acrylic resins, polycarbonate-based
30 resins, allyl-based resins, thiourethane-based resins,
urethane-based resins and thiloepoxy-based resins, and
glass-based spectacle lenses. When the curable composition
of the present in#ention.is used as a coating material for

. spectacle lenses, though it can be used for any spectacle
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absorbent such as calcium chloride or silica gel to adjust

its relative humidity. As amatter of course, if the relative
humidity of the ambient air is sufficiently low, the alr does
not need to be let pass through the water absorption pipe.
20 The temperature of the introduction gas used in the
atmospheric plasma treatment is not particularly limited but
preferably in the range of -5 to 100°C, more preferably 5
to 60°C.
The plasma irradiating method in the atmospheric plasma
25 treatment 1s not particularly limited but the following
method is preferred. For example, (1) a resin substrate is
mounted to a spin coating device and plasma is irradiated
while the resin substrate is rotated, (2) a resin substrate
is mounted below a fixed plasma irradiation unit and moved
30 in horizontal and vertical directions automatically or
manually so that the surface of the resin substrate is
uniformly treated with plasma, or (3) a resin substrate 1is
fixed and a plasma irradiation unit is moved in horizontal

and vertical directions automatically or manually so that
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Although the surface of the resin substrate may be
coated with the curable composition containing a
photochromic compound directly after the above atmospheric
plasma treatment, the surface subjected to the atmospheric

20 plasma treatment of the resin substrate is preferably cleaned
with a solvent (to be referred to as "cleaning solvent”
hereinafter) before coating. This cleaning makes it easiler
to ensure adhesion between the surface of fhe resin substrate
and the cured product. Cleaning with thils cleaning solvent

25 1s particularly effective when the above metal mesh-like
sheet 1s not used in the atmospheric plasma treatment.

Examples of the dleaning solvent include water; organic
solvents miscible with water in a desired ratio at normal
temperature exemplified by alcohols such as methanol,

30 ethanol and isopropanol, ethers such as tetrahydrofuran and
dioxane, acetonitrile and acetone; and other organic
solvents such as l-butyl alcohol, 2-butyl alcohol, methyl
acetate, ethyl acetate, diethyl ether, hexane and toluene.

Although these cleaning solvents may be used alone or
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When the cleaning solvent in the present invention is
water or a uniform mixed solvent of water and an organic
solvent, the weight ratio of water to the organic solvent
is preferably 100/0 to 1/99, more preferably 100/0 to 15/85.

20 As the organic solvent used in the cleaning solvent in
the present invention may be used a commercially availlable -
solvent for industrial use without purifying 1t and as the
water may be.used tap water, ion exchange water, distilled
water or pure water.

25 The temperature of the cleaning solvent used in the
present invention, which differs according to the resin
substrate used, the type of water or an organic solvent used
for cleaning or their mixing ratio, is preferably -5 to 100°C,
more preferably 5 to 80°C.

30 To clean the surface of the resin substrate with a
cleaning solvent after the atmospheric plasma treatment, any
known method may be used. Preferred examples of the cleaning
method include (1) cleaningwith cloth imbibed with a cleaning

solvent, (2) ultrasonic cleaning, and (3) cleaning with a.
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methods is not particularly limited but preferably 0 to 10,
more preferably 1 to 5 from the viewpoint of productivity.

The above cleaning methods (1) to (3) may be used in

combination of two or more for a single resin substrate
subjected to the atmospheric plasma treatment. Further,
when cleaning is carried out a plurality of times, a different
cleaning solvent may be used each time cleaning is carriled
out.

The cleaning time which differs according to the types,
amounts and temperatures of the resin substrate and the
cleaning solvent used and the cleaning method is preferably

1 second to 30 minutes, more preferably 3 seconds to 10

minutes.

In the above methods, the surface of the resin substrate
subjected to the atmospheric plasma treatment 1s further
cleaned with a cleaning solvent as required and coated with
a curable coating composition containing a photochromic
compound and then the coating composition is cured to obtain
satisfactory adhesion. Preferably, the resin substrate may

be treated with an alkall solution before or after the plasma.
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l-methyl-2-pyrrolidone may be added as an additive in an
amount of 1 to 10 parts by mass based on 100 parts by mass
20 of the alkali solution.

Although the thickness of the coating layer obtained
by curing by the above method is not particularly limited,
the thickness is preferably relatively large because
sufficient color development intensity is obtained even when

25 the concentration of the photochromic compound is low and
the durability of photochromilc properties is satisfactory.
However, as the thickness of the coating layer increases,
the initlial yellowness becomes stronger. Therefore, the
thickness of the coating layer is preferably 10 to 100 um,

30 more preferably 20 to 50 pm. The thickness of the coating
layer can be easily adjusted to this range by setting the
viscosity at 25°C of the curable composition to 20 to 500
cp, preferably 50 to 300 cp, more preferably 60 to 200 cp

as described above. Conventionally known coating
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(2) amine compound

NMDEA: N-methyldiethanolamine

DMEMA: N,N-dimethylaminoethyl methacrylate
20 (3) photochromic compound

chromene 1
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(4) polymerization initiator
CGIl84: l-hydroxycyclohexylphenyl ketone
CTX: 2-chlorothioxanthone
CGI403:
10 bis(z,6-dimethoxybenzojl-2,4,4-trimethYl-pentylphosphine
oxide)
(5) hard coat solutilon
TS56H (condensation type hard coat material manufactured by
Tokuyama Corporation)
15 (6) stabilizer
LS765: bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate
(7) optical material
CR39 (allyl-besed resin plastic lens; refractive index =
1.50)
20 MR (thiourethane-based.resiﬁ'plastic lens; refractive index

= 1.60)
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welght of urethane oligomer hexaacrylate, 20 parts by weight
of polyethylene glycol diacrylate having an average
molecular weight of 532 and 10 parts by weight of glycidyl
methacrylate. The kinematic viscosity of this mixed
20 solution was measured with a Cannon-Fenske viscometer at 25°C
in accordance with JISK2283. When the viscosity of the
sample was calculated from the obtained kinematic viscosity
and the measured specific gravity of the sample according
to the formula [viscosity (cP) = kinematic viscosity (cSt)
25 =x specific grav'ity (g/cma')], it was 81 cP.
' Subsequently, about 2 g of the mixed solution obtained
by the above method was spin-coated on the surface of a 2
mm-thick plastic lens (CR39) using the 1H-Dx2 spin coater
of MIKASA Co., Ltd. at a revolution of 60 rpm for 40 seconds,
30 500 rpm for 2 seconds and 1,000 rpm for 2 seconds. This coated
lens was exposed by a metal halide lamp having an output of
120 mW/cm? in a nitrogen gas atmosphere for 2 minutes to cure
the coating film. Thereafter, the lens was heated at 120°C

for 3 hours. The plastic lens used was a plastic lens
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6- OlOW&Ilg) foorlq.%&lsg on%slg%(élex%log &gfﬁgx& I ér}d the maximum absorption
wavelength was obtained by the spectrophotometer (MCPD1000
instantaneous multl-channel photodetector) of Otsuka Denshi
Kogyo Co., Ltd. The maximum absorption wavelength is
connected with the tone of developed color. |

20 (2) color development intensity: The difference {£(120) -
€(0)) between absorbance {e(120)} after 120 seconds of
exposure at the above maximum absorption wavelength and
absorbance {e(0)} at the above wavelength of a cured product
which was not exposed was obtalned and taken as color

25 development intensity. As this value increases,
photochromic properties becomes better.

(3) fading speed: The time {tl/2 (min)} required until the
absorbance at the above maximum wavelength of the cured
product dropped to 1/2 of {¢(120) - €(0)} when irradiation

30 was stopped after 120 seconds of exposure was measured. As
this time becomes shorter, photochromic properties becomes
better.

(4) durability: The following deterioration promotion test

was conducted to evaluate the durability of color development.
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indicates that no color development nonuniformity was seen
and X indicates that color development nonuhiformity was
20 seen.
(7) adhesion between lens and photochromic coating layer
(adhesion 1): The coating layer formed surface of the lens
having a photochromic coating layer was cut in 100 1 mm x
1 mm squares with a sharp cutter knife, and commercially
25 avallable Cellotape was affixed to the surface and stripped
quickly from the sample to check the stripping of the coating
layer (coating film) visually. When all of the squares were
unremoved, adhesion was evaluated as O, when some of the

squares were removed, adhesion was evaluated as /A, and when

30 all of the squares were removed, adhesion was evaluated as
X.
(8) thickness of photochromic coating layer: The lens
having a photochromic coating layer was cut with a diamond

cutter and the cut section was photographed by a CCD camera-
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knife, and commercially available Cellotape was affixed to
the surface and stripped quickly from the sample to check
20 the stripping of the hard coat layer and the photochromic
coating layer visually. When all of the squares were
unremoved, adhesion was evaluated as O, when some of the
squares were removed, adhesion was evaluated as A, and when
all of the squares were removed, adhesion was evaluated as
25 X,
(10) scratch resistance: #0000 steel wool was set in the
scratch resistance tester of Fukuda Kikal Kogyo Co., Ltd.
and the sample was rubbed by moving the steel wool back and
forth 10 times over the surface thereof under a load of 1
30 kg to inspect the scratch resistance of the sample visually.
The scratch resistance of the sample was evaluated based on
six criteria S and A to E (S: the surface of the sample is
not scratched at all, A: the surface is slightly scratched,
E: the surface of a polyallyl diethylene glycol carbonate
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15 evaluated as O, scratch resistance was evaluated as B, and
dissolution into the hard coat solution was evaluated as O.
Examples 2 to 25
Cured products having a photochromic coating layer were
obtained from the curable composition of the present
20 invention in the same manner as in Example 1'us:l.ng radically
polymerizable monomers, chromene compound and other '
additives shown in Table 1, and their characteristic
properties were evaluated. The amounts (parts) of an amine
compound, polymerization initiator, stabilizer and
25 photochromic compound in Table 1 and Table 3 are amounts
(parts by welght) based on 100 parts by welght of the total
of all the radically polymerizable monomers. The results are

shown in Table 2.
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Table 2
Amax | Color development | fading speed | durability | yellowness | colo

(min)
1
3
1
1

intensity

0.77
0.77
0.65
0.55
0.76
.72
0.82
.72
65
78
0.92
71
.68
62
42

(nm)
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
600
588
474
576
580
600
610

Example

Ex.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
Ex.
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monomer was used than when an isocyanate monomer was used
(Examples 16, 17 and 18). As understood from comparison
between Example 25 and other Examples, when an epoxy-based
-monomer is contained as a polymerizable monomer, adhesion

20 to the substrate (lens) and scratch resistance can be improved
and photochromic properties can be made excellent.

As shown in Tables 3 and 4, in Comparative Example 1
to 3 and 6 to 11 in which a silyl monomer and/or an isocyanate
monomer or amine éompound was not contained or both of them

25 were not contained, adhesion to the substrate (lens) and the
hard coat material was extremely low.

When the amount of the amine compound was below the
range of the present invention as shown in Comparative Example
4, adhesion to the substrate (lens) was poor and when the

30 amount of the amine compound was above the range of the present
invention as shown in Comparative Example 5, adhesion to the
substrate (lens) and to the hard coat maf.erial was also
extremely low. Further, in Comparative Example 5, the

initial discoloration of the lens was stronger (larger YI) .
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from the entire surface of the lens could be obtained. It
10 1is considered that color development nonuniformity caused
by a small difference in film thickness can be lgnored by
adjusting the thickness of a coating film to a value larger
than the predetermined value and that a uniform £ilm can be
formed by spin coating when the viscosity of the curable
15 composition is made relatively small to adjust the thickness
of the coating £film to a value smaller than the predetermined
value. |
Further, as understood from the results of examples and
comparison between examples in which the type and amount of
20 the silyl monomer and the type of the chromene compound are
the same, it is easy to adjust the thickness of the obtained
coating layer to 20 pm or more by controlling the viscosity
of the curable composition of the present invention to 60
cp or more, thereby making it possible to further improve
25 the durability of the photochromic compound (for example,
Examples 1, 7 to 15, 31 to 33, comparison between Examples
30 and 34). Similarly, it is easy to adjust the thickness
of the coating layer to 50 pm or less by controlling the
viscosity of the curable composition to 200 cp or less,
30 thereby making it possible to further reduce the initial
yellowness (for example, Examples 1, 7 to 15, 31, 32 and 33).
Comparative Example 13
90 g of hydroxyethyl methacrylate, 150 parts by weight
of butyl acrylate, 60 parts by weight of styrene, 160 parts.
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Permeation Chromatography), it was 13,500.

10 28 parts by welght of the polymer solution obtained
above, 11 parts by weight of poly(oxytetramethylene)diol
having a number average molecular weight of 1,000, 21 parts.
by welght of N-methylpyrrolidone, 40 parts by weight of
polyisocyanate (VestanatB1358 ABlocked of Huls America Co.,

15 Ltd., aliphatic polylsocyanate capped by methyl-ethyl
ketoxime), 3 parts by weight of chromene 1 as a photochromic
compound and 5 parts by weight of dibutyltin dilaurate as
a polymerization catalyst were added and fully dissolved by
agitation. Thereafter, about 0.8 g of lth:l.s mixed solution

20 was applied to the surface of a 2 mm-thick plastic lens (CR39)
with a spin coater in the same manner as in Example 1 and
spin coated at a revolution of 2,000 rpm. This coating £ilm
was exposed to infrared radiation to be pre-cured and then
heated at 140°C for 40 minutes to be post-cured.

25 The obtained lens having a photochromic coating layer
was used as a sample and its physical properties were measured

in the same manner as in Example 1. The results are shown

in Table 9.
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C.Ex.:'Comparative Example

5

As understood from the results of Comparative Example
13 shown in Table 9 above and comparison with the above
Examples, when not radically polymerizable monomers but a
mixture of a radical polymer and a monomer having an urethane

10 bond was used as components of a coating material, adhesion
to both the substrate (lens) and the hard coat was poor and
the dissolution of a photochromic compound was seen at the
time of hard coating. Therefore, this material was not
preferred as a coating material. '

15 Photochromic coating compositions used in Examples 37
to 72 and Comparative Examples 14 to 16 are given below. The
following methods were used to measure adhesion between a
lens and a photochromic layer and the thickness of the
photochromic layer but other evaluations were the same as

20 in Examples 1 to 36.

Coating composition A:

A photochromic coating composition A was obtained by
adding and fully mixing 3 parts by mass of chromene 1, 5 parts
by mass of N-methyldiethanolamine, 5 parts by mass of LS765,

25 and 0.4 part by mass of CGI184 and 0.1 part by mass of CGI403

as polymerization initlators to 100 parts by mass of
polymerizable monomers consisting of 5 parts by mass of

y-methacryloyloxypropyl trimethoxysilane, 20 parts by mass
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(13) thickness of photochromic layer: measured using the
thin film measuring instrument of Fillmetrics Co., Ltd.
Example 37

15 The entire convex surface of a 2 mm-thick plastic lens
(resin substrate: CR39) was subjected to an atmospheric
plasma'treatme.nt using an atmospheric plasma irradiation
device (ST-7000 of Keyence Co., Ltd.) for a total of 90 seconds.
The distance between an irradiation unit and the lens was

20 about 10 mm and a SUS mesh sheet was inserted between the
irradiation unit and the lens. Ailr obtained from a
commerclially available air cylinder was used as introduction
gas for the plasma treatment. When the relative humidity of
the air supplied from the air cylinder was measured, 1t was

25 14 % at 24°C (using the TR-72S temperature and humidity meter
of Iuchi Seileido Co., Ltd.).

Subsequently, the surface of the lens subjected to the
atmospheric plasma treatment by the above method was sp:Ln.
coated with the coating composition A by the 1H-DX2 spin

30 coater of MIKASA Co., Ltd. at a revolution of 60 rpm for 40
seconds, 500 rpm for 2 seconds and 1,000 rpm for 2 seconds.
This lens coated with the coating compositlon was exposed
by a metal halide lamp at an irradiation intensity of about

120 mW/cm? in a nitrogen gas atmosphere for 2 minutes to cure.
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10 Materials were prepared and evaluated in the same
manner as in Example 37 except that air obtained by
compressing the ambient air or nitrogen gas supplied from
a commercially available nitrogen cylinder was used in place
of air supplied £rom the commercially avallable air cylinder.
15 The evaluation results are shown in Table 11.
Comparative Examples 14 to 16
Photochromic optical materials were obtained in the
same manner as in Example 37 except that the surface of the
lens was not treated (Comparative Example 14), the lens was
20 immersed in a 10 mass% aqueous solution of NaOH at 25°C for
15 minutes and then rinsed with water (Comparative Example
15) or the lens was immersed in a 10 mass$% aqueous solution
of H,S04 at 25°C for 30 minutes and rinsed with water
(Comparative Example 16) in place of the atmospheric plasma

25 treatment. The results are shown in Table 11.
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10 measured, 1t was 14 % at 24°C (using the TR-72S temperature

and humidity meter of Iuchi Seieido Co., Ltd.).

The lens subjected to the plasma treatment by the above
method was set in the 1H-DX2 spin coater of MIKASA Co., Ltd.
and spin cleaned with 3 ml of distlilled water heated at about

15 40°C. The spin conditions at this point were 60 rpm for 20
seconds, 500 rpm for 2 seconds and 2,000 rpm for 10 seconds.

Subsequently, the surface of the lenS subjected to the
atmospheric plasma treatment by the abové method and cleaned
with distilled water was sp_in coated with the coating

20 composition A using the 1H-DX2 spin coater of MIKASA Co.,
Ltd. at a revolution of 60 rpm for 40 seconds, 500 rpm for
2 seconds and 1,000 rpm for 2 seconds. This lens coated with
the coating composition was exposed by a metal halide lamp
at an irradiation intensity of about 120 mW/cm? in a nitrogen

25 gas atmosphere for 2 minutes to cure the coating composition.
The lens was further heated at 120°C for 3 hours.

The obtained photochromic optical material was used as
a sample to measure its maximum absorption wavelength, color
development intensity, fading speed, durability, yellowness,

30 adhesion between the lens and the photochromic layer and the
thickness of the photochromic layer by the same methods as
in Example 37. The results are shown in Table 13.
Examples 41 to 65

Photochromic optical materials were produced in the
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10 cleaning” is amethod for cleaning a resin substrate subjected
to an atmospheric plasma treatment with ultrasonic waves by
immersing it in water or an organic solvent containing wafer
in a vessel, and "spin cleaning” is a method for cleaning
a resin substrate subjected to an atmospheric plasma

15 treatment by setting it in a spin coating device and spinning
it after or while a suitable amount of water or an agqueous
éolvent conta:l.ningl water is applied td the surface of the
resin substrate. Further, as for introduction gas,
"ordinary air” is untreated air at a place where the

20 atmospheric plasmé. irradiation device 1s installed,
"compressed air” i1s air obtained by compressing air by a
compressor and let passing the compressed air through a water
absorption pipe filled with a suitable amount of a molsture
absorbent such as calcium chloride or silica gel to adjust

25 its relative humidity, and "air cylinder” 1s air obtained
from a commercially available air cylinder. As for other
introduction gases; gases obtained fi:om commercially
avallable cylinders were used. Distilled water commercially
available from Wako Pure Chemical Industries, Ltd. was used

30 as water and commercially available JIS first-grade methanol,
JIS first-grade ethanol, JIS special-grade acetone, JIS
speclal-grade acetonitrile and JIS first-grade diethyl ether

were directly used as organic solvents.
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?str-"}o‘bo of X(e%(e{ncle }Co. , Ltd.) for a total of 90 seconds.
The distance between the irradiation unit and the lens was
about 10 mm. A commercially available nitrogen cylinder was
used as the introduction gas for the plasma treatment. When
the relative humidity of nitrogen supplied from the nitrogen
cylinder was measured, it was 14 % at 24°C (using the TR-72S
temperature and humidity meter of Iuchi Seieido Co., Ltd.).

The lens treated by the above method was set in the
1H-DX2 spin coater of MIKASA Co., Ltd. and spin cleaned with
3 ml of distlilled water heated at about 40°C. The spin
conditions at this point were 60 rpm for 20 seconds, 500 rpm
for 2 seconds and 2,000 rpm for 10 seconds.

Subsequently, the surface of the lens subjected to the
atmospheric plasma treatment by the above method and cleaned
with distlilled water was spin coated with a mixed solution
which comprised 100 parts by mass of polymerizable monomers
consisting of 30 parts by mass of |
2,2-bls(4-methacryloyloxyethoxyphenyl)propane, 30 parts by
mass of 2,2-bis(4-acryloyloxypolyethylene
glycolphenyl)propane having an average molecular weight of
776, 20 parts of polyethylene glycol dlacrylate having an
average molecular weight of 532 and 20 parts of glycidyl
methacrylate, 4 parts by mass of chromene 1, 5 parts by mass
of LS765, and 0.4 part by mass of CGI184 and 0.1 part by mass
of CGI403 as polymerization initliators as a coating
composition using the 1H-DX2 spin coater of MIKASA Co., Ltd.

at a revolution of 50 rpm for 40 seconds, 300 rpm for 2 seconds

and 600 rpm for 2 seconds. The lens coated with this coating.
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composition was exposed by an electrodeless metal halide lamp
(Model F300SQ-6 of Fusion UV Systems Japan Co., Ltd.) at an
irradiation intensity of 120 mW/cm? in a nitrogen gas
atmosphere having an oxygen concentration of 0.1 % or less
for 3 minutes to cure the coating composition. The lens was
further heated at 110°C for 1 hour.

The obtained photochromic optical material was used as
a sample and 1its characteristic properties were evaluated
by the same methods as in Example 40. The results are shown
in Table 15.

Example 71

A'photochromic optical material was obtained in the
same manner as in Example 70 except that the coating
composition was changed to the following composition, and
its characteristic propertles were evaluated by the same
methods as in Example 40. The results are shown in Table 15.
Coating composition of Example 71:

This composition was obtained by adding and mixing 2.7
parts by mass of chromene 1, 0.8 part by mass of chromene
4 and 0.6 part by mass of
6-morpholino-3-(4'—piperidinophenyl)-3-phenyl-3H-benzo
(£f)chromene as chromene compounds, 0.3 part by mass of
1’,5'-dimethyl-6"-morpholinodispiro(cyclohexang-l,3'-(3
H)indol-2'-(2H),3''-(3H)naphtho(3,2-a)(1,4)oxazineand 0.3
part by mass of
1,3,3-trimethyl-6'-morpholino(spiro-(3H)indol-2-(2H),3"-
(3H)naphtho(3,2-a)(1,4)oxazine as spirooxazine compounds,
5 parts by mass of N-methyldiethanolamine as an amine compound,
5 parts by mass of LS765 as a hindered amine compound, and
0.4 part by mass of CGI184 and 0.1 part by mass of CGI403
as polymerization initiators with 100 parts by weight of
polymerizable monomers consisting of 5 parts by mass of

y-methacryloyloxypropyl trimethoxysilane, 20 parts by mass
of trimethylolpropane trimethacrylate, 35 parts by mass of.
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2,2-bis(4-methacryloyoxyethoxyphenyl)propane, 10 parts by
mass of polyester oligomef hexaacrylate, 20 parts of
polyethylene glycol diacrylate having an average molecular
welght of 532 and 10 parts of glycldyl methacrylate under
agitation.

Example 72

A photochromic optical material was obtained in the
same mannér as in Example 70 except that the coating
composition was changed to the following composition. Its
characteristic properties were evaluated by the same methods
as 1n Example 40. The results are shown in Table 15.
Coating composition of Example 72:

This composition was obtained by adding and mixing 1.6
parts by mass of chromene 1, 2.4 parts by mass of chromene
4 and 0.2 part by mass of
6-morpholino-3-(4'-piperidinophenyl)-3-phenyl-3H-benzo
(f) chromene as chromehe compounds, 5 parts by mass of
N-methyldiethanolamine as an amine compound, 5 parts by mass
of L.S765 as a hindered amine compound, and 0.4 part by mass
of CGI184 and 0.1l part by mass of CGI403 as polymerization
initiators with 100 parts by mass of polymerizable monomers
conslisting of 5 parts by mass of y-methacryloyloxypropyl
trimethoxysilane, 20 parts by mass of trimethylolpropane
trimethacrylate, 35 parts by mass of
2,2-bis(4-methacryloyloxyethoxyphenyl)propane, 10 parts by
mass of polyester oligomer hexaacrylate, 20 parts by mass
of polyethylene glycol diacrylate having an average
molecular weight of 532 and 10 parts by mass of glycidyl

methacrylate under agitation.
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the present invention. Further, a cured product which has
10 extremely excellent photochromic properties such as high
color development intensity, high fading speed and further
excellent durability can be obtalned by adjusting the amount
of a silyl monomer and/or an lsocyanate monomer.
Since the curable composition of the present invention
15 has the above excellent characteristic properties, it is
_éxtremely useful as a coatingmaterilal for an optical material
such as a spectacle lens.
A photochromic optical material having excellent
adheslion between a resin substrate and a photochromic coating
20 layer can be obtained by subjecting the surface of the resin
substrate to an atmospheric plasma treatment. Further, the
adhesion can be further improved by cleaning the resin
substrate with water, an organic solvent, or a mixed solvent
of water and an organic solvent after the atmospheric plasma
25 treatment. The photochromic optical material production

process of the present invention is extremely useful as a
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process for providing a photochromic optical material which
has excellent photochromic properties and excellent adhesion

between a photochromic coating layer and a resin substrate.
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1. A curable composition comprising:
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(1) 100 parts by welght of radically polymerizable monomers;
(2) 0.01 to 20 parts by welight of an amine compound; and
(3) 0.01 to 20 parts by weight of a photochromic compound,
sald radically polymerizable monomers including a radically
polymerizable monomer having a silanol group or a group which
forms a silanol group by hydrolysis, and/or a radically

polymerizable monomer having an isocyanate group.

2. The curable composition of claim 1l which has a viscosity
at 25°C of 20 to 500 cp.

3. The curable composition of claim 1 which further
comprises a photopolymerization initiator.

4. A photochromic cured product obtained by curing the

curable compds:l.t:l.on of claim 1, 2 or 3.
5. The curable composition of claim 1, 2 or 3 for coating.

6. A photochromic optical material comprising a substrate
having at least one surface coated with a cured product of

the curable composition of claim 1, 2 or 3.

7. A process for producing a photochromic optical material
comprising a substrate having at least one coated surface,
the process comprising curing a thin film of the curable
composition of claim 1, 2 or 3 formed on at least one surface

of the substrate by light or both light and heat.

8. A process for producing a photochromic optical material,

comprising subjecting at least one surface of a resin
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layer.

9. The process of claim 8, wherein the surface subjected
to the atmospheric plasma treatment of the resin substrate
was cleéned with water, an organic solvent, or a mixed solvent
of water and an organic solvent before it is coated with a

10 coating composition containing a photochromlic compound.

10. The process of claim 8 or 9, wherelin the coating
composition containing a photochromlc compound is the

curable composition of claim 1, 2 or 3.



