1 DESCRI PTI ON PHOTOCHROM C CURABLE COWPOSI TI ON 5 TECHNI CAL FI ELD

. The present invention relates to a curable conposition which is
useful for the production of an optical article having photochromc
properties. 10 BACKGROUND ART Phot.ochrom c eyegl asses serve as
sungl asses whose | enses are quickly col orled out doors where they are
irradiated by light including ultraviolet radiation |like sunlight and
as ordinary transparent eyeglass wWoseCREPBEE3Nare faded 15 indoors
where there is no irradiation, and denmand for the photochromc

eyegl ass is growi ng nowadays. As for photochrom c eyegl ass

| enses, plastic | enses argogacHrowIar cyRrpBEfFeoetbosTamoihe vi ewpoi nt' s
of lightweight and safety, and photochrom c properties are 20
generally provided to the above plastic | enses by conpoundi ng an
organi ¢ phot-pghmentLr, compoynd. As neans of conpoundi ng the conpound,
there are known a nmethod in which the surface of a | ens_having no

phot ochr oni ¢ pr opeft§ 8 SSENErbi Bt WPt i % 35176t berit GHiF 2P B ripItRRE P
be referred fi0; &5 14 nbibing @éﬂ@ﬁ@oﬁro@@&@wﬁf5§r5naagtﬁcgyt hedikne
whi ch a phot ochrom ¢ conmpound is dissolved in a polynerizabl e nononer
and t he poIy@@?i&@b@@oﬁ@ﬁ@ﬁ@ml¢st@P?ﬁ%%@%ed to obtain a photochronic
|l ens directly (to be referred to as "in-mass nethod" hereinafter).
30ln addition to these nethods, there is also known a nethod (to be
referredOt o BECRERRAINDGAREL hod” hereinafter) in which a coating |ayer
haV|ng phot ochr om ertie r

"phot ochrom c coat]”lﬁqnég;J égg/%érd‘l% }éeo%i)%e% § SéP %rgn%ds%lﬁgt e surt %%See of
a plastic | ensndys azeumrtgkhy codbireg qsmltcemna‘t w@@m‘eatmmgra irradiated

phot ochrom ¢_cam e aI referr dtg.a hot ochr o

coating mat QY ;111“ %&M&g) e \?é’\%é’rle% tra%%a%&fjgegsgetsourécjrﬁ%%eand
phot ochr om Ca@r@ﬂe_tﬁaﬁﬁ t Equsp £t O c phol achr oMb se eyegbassabel eades
only with a thin hotochro c coating ] aye and nost hot ochr om ¢
| enses Whi cht DL Hut RS prit] a*rgﬁ‘il%FJeO%rﬁH%c‘{etlﬁ?aébé b@”f httr:,\g

i mbi bi ng methogk &knh £ A d Ne PB§Ba $BL hody r Sevey ehowddgyt 0 the recent
devel opment of a 10 photochronic coating material which can neet the

above requirement A%xfﬁ?ébt%qfcﬁ@lf%?lq rﬁa‘/%ﬂ)]a%ﬁfngl%%d RS SSHar s es

grow ng fr Orﬁfé‘ep%fé&%ly eataf&r Pl t PEoROBLE NG ERbHOGesthat s,
ability to provide photochrom c properties easily to any |ens

substrate bakigaivgiglForarsappfetya aod tPhehechEoBLBsPFaAPRrFHEDd @hTch

a phot oghr 0%&?&%5?0%5@@%3 ¥hg'gg&§§gl%%&cb% 1= degrlic;rﬁ?oundlng

i mbi bi ng net speci al nmonomer use
excel | ent phot eotyaoric ghodpehtricas. d gorpeune-nads neehsd L qurmnrrcti@’tg

oS oo Al oGk 0SB0l LENS IS LRLEn | hd Mrmeace

prepar ed by<ﬂﬁssmbmsn@aalpboi@qhmxnnahnmmmpo@m@pmuta@sumetimbmbed W1th

I d.to th f bstr, d. d. h
been Known de FHEC COOM et RIcd of 66 6 WDERTa7iiey. <25 THer o Mo

has beepsknawstodretieke ink fdd €N s ol uidHbdrapanectibya qmﬁndumgamlc
pol yneri zabl e nononers having one, two or_three or_ nore neth%% ¥|IC
dth

gr oups in a GRRYTE %%u@%ﬁ%ﬁ%W%§s%%l%l9@ﬂ%W%ﬁb¥%E%?o%?%
themis app;&&f&rﬁ@&{@gwrrﬁ@&&n@f @slwﬁyﬁ@pﬂéat@oa@gt&yﬁeg (refer

to USP5914174
. photochromlc lens directly {to be referred to as “in-mass

method” hereinafter).

30 In addition to these methods, there is also known a
method (to be referred to as “coating method” hereinafter)
in which a coating layer having photochromic properties (to
be also referred to as “photochromic ccating layer”

hereinafter) is formed on the surface of a plastic lens by



30 There further has been known a nethod in which a solution prepared
. by dissol ving a photochrom ¢ conmpound in a nononer conposition
conprising two or nore polynerizable nononers having two
(meth)acrylic groups is applied to the surface of a |l ens substrate
and cured (refer to WO01/02449). There P still further has been
known a met hod in which a pol ynerizabl e nononer containing a

phOtOChroniCu§9HEQ¥Q@at@%gaﬂbﬂgrggﬂpgﬂﬂﬂaﬁﬁgu§ei§ﬂbﬁéhb¥omic compound
pol ymeri zabl e nonhoner producing a sil ano roup or a silanol group

| 4 2 "
t hrough hydr 6t9sve &k} ore B ghdiocars! 3}9}3@?9%@@&@ ECAbABHERS HRA S
an i socyanat ' ppl t st face of-a tenscisubsd rate and
cured (referﬁ?gé8@8§;%5867)¢@€%%§5bpﬁzaccording ?% t he %Ethod
descri bed i npM998¢tB7IMEEC BT Prer t hes cresssldakifieg Beaspehronictryeglass
obt ai ned .10 pho hrom ¢..¢Qat i,ng. s . low %[Q; r
dependené% 0?63%%%5%Q5L%ﬁ§%p%&%%f{?é?Eﬁgﬁfgﬁgé %%%t%ﬁgqb ofgc Pg&P%St
conpound mayocbeplth tssath wedi ¢ ritem gde whact bawe lsedutpuwn twhpnaathaad use

coat layer is to be forped gn th hot pchr om ¢ atin et, ,
there is rooﬁ??o?a&%%?ﬁg$59gngﬁtEh%c%%gagﬁagtge%ﬁggngghggé é%s%??%ed
in USP 59141y 4tand. W01/ 02449, as the photochrom c properties are
unsati sfactory and further dhesion%betmeen t$e ggotochfon%c coati ng
| ayer and the har Fie8aYeT ay@rei §° uhiat T SFELE of §V S a kPR abt @

pretreatment pYEBcREoRl asBat i gt MEDEr MESt whechathhede20 et hbofrerm
the hard coat |ayer. Therefore, there_is roomfor inprovenment.

|
Meanwhi | e, t AeAWREHBENHeSERYBER 4P RESF 1o FORS 124 BKHY 8ne Tt oty

because the phologhr pabs €RAtbRGel Byt hastsubfbei entl yohi oy asheso@n
and sufficiently high scratch 25 resistance without carrying out a

speci al pretFeat ment atichibs tsl @SR 1dceRPREAENEPBACWRERAPET haPY *¥at1Y
layer is to P?Oécﬁ g, o5 ide: phat %Hi%lclf.oa%ﬁgekéiﬁﬁﬁe?-ng eXhi El%r%s

excel l ent pho omc properties. However, according to the metho

di scl 0séd i ns@IsPaB% 11067, whheheai BhpbsshbPiicy comppuRHelst 8REGEY
stability of hat 1 0 bt e de. i S
consi der ed t%%fF?%?glﬁggén sqgﬁgiﬁgi?§%§q§%§b%§%?g%?%gg ?ﬁg & SééCié
pol yneri zabl monomenenusth bseusEdr thedevdépepndiknglornthehetorhyemic
state, there may arise.problens that it,is difficul t

opti cal subs??%%%r h%sfﬂlgﬁefﬁhﬁgﬁg%m? h@?écd@?f&%t%ﬁgigé F%%?é Here
properties dgterheraterraodiadheshonhtolehs babdteeat layehebeoetgsy
unsatisfactorg. Therefore, there is roomfor inprovenent. 5According
to the & hoBeeRedt osed in W03/11967, an optical article having a
phot ochromi ¢ coat igg diayemndexhiabinéshedceh entciphokethrashcppeppeedies
such as high color optical density and high fadi ng speed at thﬁ%

begi nni ng. I@1$§O%Bh%g§éMQP§9ﬁﬂFQWﬁ%‘H@Eéﬁﬁgﬁdﬂ-EﬁeuF9E€aﬁﬁ6’ e
of the 10 po}ynerizabi & JMHATBL riFAcEhes PAOLGENIFE 1eiticabhe cured has
conposi tion. However, there nmay occur aﬁghenonenon that as the
optical artilk¢enikneeedasotha Feagergt pArehoghdreagirngosPedd/Béddmts
sl ower 0 " ) i | ng" el Rafi gk, d
Ther ef or&te5 PRaLELEnBhopaen %%%3#%&%%15 D SO OBURE OF THE Fo°°
| NVENTI ON by combining polymerizable monomers having one, two or three

or more (meth)acrylic groups in a specific ratio and
dissolving a photochromic compound in them is applied to the
surface of a lens substrate and cured {refer to USP5914174).
30 There further has been known a method in which a solution
prepared by dissolving a photochromic compound in & monomer
composition comprising two oxr more polymerizable monomers
having two ({(meth)acrylic groups is applied to the surface

of a lens substrate and cured {refer to WO01/02449}. There



It is therefore an object of the present invention to provide a

. photochrom c curable conposition fromwhich a lens (optical material)
havi ng a phot ochrom c coating exhibiting 20 excell ent photochromc
properties such as high col or optical density and high fadi ng speed
and conprising a hard coat layer wth sufficiently high adhesion and
scratch resistance and having little delay in fading can be

manuf act ur eds @d) Wik hehas: €xeehl Ietbwis kafagestabilidly a RERerizable
inventors of the present |nvention conducted intensive studies to

attain the dBOVE®hH]ERt2FIRY JFPRPFOCRAYYL St GoMRI POt DEhFBHIT

curabl e conOsith oNs GRS iFsknGavakl pHSvh¥PESaBl ePRbYBREL Z8Rb@ucing a
nononmer s and a phot ochrom ¢ conpound and found that a | ens having a

phot ochr oni bR h@BOIRMAICR Fadanpit §EOdR| alyr P! duly deP avrft & and/or
phot ochr gni ol_ﬂgppﬁ j i ] Labklddan

are obt algne %;%{ngjggslﬁl g %f%ﬂﬁ%h%%om%ggﬁgﬁrgig?gﬁéséi n dt he P
mol ecul es ofipebpreedzabtbenpnohers odnd licns gahsbhasedng fared (refer.

pol ymeri zabl e ey further studied a 5 photochromc

curabl e corrpto%i {I on[ \Aﬁ?%ﬂﬁéxhi bits excellent photochrom c properties
and obt ai ns suf fi damtder higicadhesi dre arte hestivghdeeratledd in

resi st ance coat |layer is forned on_ a_photochrgom c.l.ayer.
he arosul t AP B G o & 25604 Dbl or oA He B fi okt Higreg
phot ochrom Gttt &N worciorposit 1on Wiyeh conpsi seshpotympeizabie
.nmononers having a, specific nunber of (nmeth)acrylic,groups in th

mol ecul e andHFNFE e i%h‘?ﬁ??l?)rﬂ?l%h%r %%ile%flgmf%‘gg%fa?%e&e
net hacryl i ¢ gHOUR- s i hecopderd afa yrodesdiofsd heed@ciytd ceH Hgrelipdat

a polynerizabl e conposition containing the pol ynerizable noners.
The present SIWERIBARRE ARBIDI FLhed BERRADNEPHPE FPHEFHLD the

That is, thegdddsdnidventdoisg alphot oChneE,Cc wid@ablies cmosidd on
conprising (l) 100 parts by mass of” (neth)acrylic 15 pol yneri zabl e
nonomer §Sandi{RTGVERaTIL ¢ 0 22T RFAHUY PP s Tt Phethrigift in USE

conpound, Vw@ﬂl%@-%%&m_/%4wslagf tf’l@?lﬁ@@é@ﬂf‘&ﬁi’&i&operties are

pol ynmeri zabl e nononers consist of (la) 70 to 100 parts by nass of a
pol yf unct i onaisgiul s/frert oribkadnbroresr haREagonRe tWedpihehotochromic
(meth)acryli i C a I t { :Fa§s
of a rmnofuncgcfalg%lnﬁ S'L;%{E y%ﬁd;g%%eﬂ%%%o?rg#hg%}fgg JlC))E‘r’le %%?fa%lty e
group i n onespmtiecupegtandtment sudteamgt iy Ereagneop et bhgarried

acrylic,group,in t h)acryl i ¢ _pol ynmeri zahl e noner e .

exi st en?gt 0 Og%tsﬁ_‘roe}}ef’%hnﬁg‘[e) %ﬁ nﬂ‘r%gr !%Veﬁbl gisah%?g? I he?'ﬁeg%mfy Fcoom
group is 3 tfpy inpgmsvdarenthunber of noles of the acrylic group.

The (nmeth)acrylic _group .means a nethacrylic group .or rylic .
group. The pol yfuﬁ'%qrﬁ‘ﬁ%qeepol%ﬂ %Mﬁ%&%i@fmiéfﬁ@u@n
(met h) acryl G @008 e torRel BOcHukecth € grars:HnifdrekitoAgl layer has
pol yneri zabl e nmononers having two to four nethacrylic. grou

A : S or
acrylic gro@éffilﬁltﬁféﬂrﬁblw e?‘dheSlon_EFIHjtﬁéﬂF_Jr‘F%?mFmekh%‘glbn??ratCh
preferably, jthe Holyfdnghinenal _caekgma@l Z@D 1L sPRBOABI p £ ) SORSH S s cHf
50 to 99 mass% of a 6 bifunctional polynerizable nononmer having two
(net h) acryl ias ploaps, treatona0- rEsEWH 8 haid gretilondr poIsmBei Aaes
mononer havi Y1 L6 91 0PE, Q0 On0c 491 IPSS% e Brent
tetrafuncti oﬁglgﬂ%ﬁ%}%n zkg%?rg m)no?rer #av? hg four %( rrjét h acryl?c =n
groups ('t he ghottalclofortihe i draict i ohal

However, according to the method disclosed in
30 WO03/11967, there is possibility that the storage stability
of the photochromic curable composition may degrade. It is
considered that this depends on the type and content of the
polymerizable monomer in use. Further, depending con the

storage state, there may arise problems that it is difficult



pol ymeri zabl e nononer, the trifunctional polynerizable nononer and

. the tetrafunctional polynerizable nmononer is 100 mass% . Further, the
above photochrom c conpound (I1) preferably contains a conpound
having an 10 indeno [2, 1-f] naphtho [2, 1-b]pyran skel eton.

The second invention is a coating materi & conprising the above

phot ochrom ¢ curabl e conposition, and the third invention is an
optical matefd alozhayhng et vehberire tprOperid &5,inheiaidia v ayessity,
conposed of a cured product of 15 the photochrom c curabl e,
conposi ti on RFCEHEEHBIE Pﬁ?@ﬁ?FbﬁSigeg%Fh%HaBﬁ'a?“?eégpeﬁﬁEHSFaetB?
an optical subshiraie: Fayihepectigsf QHELNIEBYERbEON Itndr PIOLOCHH ML
cured product obtained by curing the above curable conposition. 20
BEST MODE FGR GARRY| NG QUTP TRHESTRIVENTI ON A description is first
- given of sthe pol yfyncti PO VBT Zabl e IDOONBL Sy hayi g § 01 407 f ol
(meth)acrylic groups 1 n one nolecule (la) used in the photochromc
cur abl e conpust i¢ah agtt itie paeseata phoenachoanigsioptieg phoesctFlom s
curabl e conposi t] t r i i Qn, e t i :

ol yer | 2abl & ohonEr SRS ! pF BREPE 408l R BR L e
havi ng two tdedoity (aed h)aghyfadiggospsednabnehaobegiuheing -t hE: ned n

conponents. As th ol yf.uncti anal, paol yneri zabl e nmononer s e d
30 known pol‘il‘?fﬁjr(g%lg?% HHordrs d&?’&&?ﬁawy&b%&w eriazné]{)f:gg%néﬁgn%fzt%e
used i nipl asiéd ryhenseshldheseopet yinthe opabt pohyort &zahkeb®noner s
maybe pol yneri zabl e ppnoners havi ng both methacrylic.groups an
acrylic groUfERes bl Mee‘feq'n%@@ﬁﬁ H@Va??%#;ﬁ pp%élog‘?a@ir‘sg]??ibr?s
ease of the pol yomrizabl &rt Tc1@npsesSe@ntbt he Bfiget ©imd heclobt Bidiaty
cured product, it is preferred in the present invention_tha

X t N
pol yner i zabl BeRMAREEITaTILRY SEheL S dife TRIREERGNEP 3F 0G5 4V Brigrding
nol ecul e shoi & he; pised) | N GRItKi MAtd Orchelhaty d Spodd £&r Pl AsFaekdhat

5 a pol yfunctional pol ynerizabl e nononmer having acrylic groups in one
mol ecul é3and a pol yfunctional pol ynerizable nononmer havi ng

met hacrylic | eciyenshgnl d be used in conbination and
e O ranar

optionally with a n mononer which will be described
herei nafter and tHat itshéhrusfereotniobnetes bhfthchpraseniciyveet geoup

and f[h_e nunbefox%fde"%{éﬁ QI) h?gmfflgréﬂfﬁ)g %BRP%QQL&li%nbfréﬁtwhti%h lens
specific ranges Tn t ?ne? acrylic polynerrzabl e nononers including
t hese pol yf upmtt ool madleyrnierli)z hbké ngom giertochfmiigobyatinogi @falbiting

| L,zabl ing t th | i | ,
ol Seul £ Aol AT uREPESHaY BoI REPPSa5 S° trahar Tl £ Paeppeical
(et h) acr yl i ergs DiPantrh Ogte famliecud geamdpnbe-asedi @i ng a hdutd upetilensdr

pol yneri zabl e, nononer, represented by, the 20foll ow n ornula (1
R RBR4R2 / IWitpEh -J&%@%ﬁaqég)lﬂqlﬂ&h@s&%?éﬁo?@bg P&%l*it%‘n%elaa{ld

having little delay in fading can be manufactured and which
has excellent storage stability.

25 The inventors of the present invention conducted
intensive studies to attain the above object. First of all,
they studied photochromic curable compositions comprising
various types of polymerizable monomers and a photochromic
compound and found that a lens having a photochromic coating

30 which has little delay in fading and a photochromic curable
composition having excellent storage stability are obtained
by adjusting the number of (meth)acrylic groups in the
molecules of polymerizable monomers and the contents of the

polymerizable monomers. They further studied a



00'In the above formula (1), Rl, R2, R3 and R4 are each independently
. a hydrogen atomor a nmethyl group. In the above formula, Ais a

di val ent organic group 25 having 2 to 20 carbon atons. Preferred
exanpl es of A include al kyl ene groups such as ethyl ene group,

propyl ene group, butyl ene group and nonyPene group; hal ogen atoms
such as chlorine atom fluorine atomand brom ne atom phenyl ene
groups substdiddch B @lky 1 @rasmpdwavi Ngn WwHicH edriort S@ atedissnt

nonsubsti tuted phenyl ene groups; . and groups represepted by.the,

fol | owing f GHIRRGENT B GrikRREF e es %ﬁﬁg‘{a@lﬁﬂ%ﬁ%ﬁ 1¥2¢mﬁ1a: (
\ CH 2 HC %&Msaﬂ&ma&seﬁ%d fyrdthen f.dd omi iged arad & Ha AR JdR6
) ¢ X5 (in the above formula, R5 and R6 are each independent]ly an

al kyl group Yrai g S1 fogme oe R bd PR R T ekt Dridye Tat oftSof BR B he they
atom “cg a yd'ﬁgﬁ;a% @%&%a&%eeeﬁl eptd, e é%ﬁ&ﬂﬁéd ofy 9 g tbcridlitg

represent ed ollowing fornula is 10 a benzene ring or a

cycl ohexane qurafleB copras itthenr Whd cheppeBehted Byl Yier F P bavlrjiomers

formuila: B having a specific number of (meth)acrylic groups in the

molecule and has a specific ratio of the number of moles of

the methacrylic group and the number of moles of the acrylic

10 group in a polymerizable composition containing the
polymerizable monomers. The present invention was
accomplished based on this finding.

That is, the first invention is a photochromic curable
composition comprising (I) 100 parts bymass of (meth)acrylic

15 polymerizable monomers and (II) 0.0l to 20 parts by mass of
a photochromic compound, wherein

100 parts by mass of the (meth)acrylic pclymerizable
monomers consist of (Ia) 70 to 100 parts by mass of a
polyfunctional polymerizable monomer having two to four

20 (meth)acrylic groups in one molecule and (Ib) 0 to 30 parts
by mass of a monofunctional polymerizable monomer having one
{meth)acrylic group in one molecule; and

the methacrylic group and the acrylic group in the

{meth)acrylic polymerizable monomers are existent to ensure
25 that the number of moles of the methacrylic group is 3 to
7 times the number of moles of the acrylic group.

The (meth)acrylic group means a methacrylic group or
an acrylic group. The polyfunctional polymerizable
monomers having two to four (meth)acrylic groups in one

30 molecule means polyfunctional polymerizable monomers having
two to four methacrylic groups or acrylic groups in one
molecule.

In the first invention, preferably, the polyfunctional

polymerizable monomer (Ia) consists of 50 to 99 mass% of a



is"a benzene ring, X is anyone of -0-, -S—, -S(02)-, -C(0)-, -CH2-,
-CH=CH, -C(CH3)2- and -C(CH3) (C61- 15) , or a group represented by
t he follomrng formula: 9 0 and when the ring represented by the
following formula: <B> is a cycl ohexane ring, X is any one of -0-,
-S-, -CH2- and-C(CH3)2-. The bi f unct i onal® pol yneri zabl e nononer
having two 5(nmeth) acrylic groups in one nol ecul e represented by the
above fornulgifddct Sorh! eellive riratcunbngntbehairdness pfietteacrylic

obt ai ned phot ochrom ¢ cur rodyct _and_i nprov ot ochronic
properti es, %@ﬁ@%?alryt%ogg £%5?FC%F ﬂeﬁ§$P9nC#ﬁg g?fﬁﬂ ¥?8ﬁéFable
pol ymer i zabl.g, i@noreiawind e raloyretl) horfulia §sooptadmed 85 &9 masss
m xture of nol ecul es having different nolecul ar weights, Therefore,

t he val ues d?f"%ﬁt%ﬁﬁaf%nc%%%n%%eP%bém%érE%?leT%OBBT%Fn FHENGHEORT

effect, pref @@&yacffllés QOﬁQSZcheb t§loofotgg p@Bdn&atbhals 0 to
20. (a+b) IS partrcu arly prefera . 151t is particularly

preferred f rmﬁymerw@mber mn@rﬂe@bt%’mr haléuhpeherlaéf pPetymeharagle
pol yneri zabl & wrpé)ﬁ%r rrcctl%pdlrbﬁowraekgzgele%arr@plgam
is 0 or nore 't ess pol ynmeri za

e frononmer havi ng acrylrc
groups or netdsstyl i fugrtmqos §Htmlai>d)ee usErk everei s onre@rdr { nfpr e

20 to less than 15abfn On@ g@ guggngggin§a¥hng met hacrylic
when

gr oups shouldr%e use nore a e polynerizable
nnroner;bag:f@ﬂém@[ln@%ﬁ)m@p&thc @rbup$pyEﬁanpke$eb®nthe bi functi ona
pol ymeri zabl e non 25 represen t he above fo i C.
can be advantageoﬁgﬁisﬁfg&dlﬁBVﬁBélfn X%&%&RS% -0 Of ne%h%%ﬁé%%ﬁ%;é¥hg
1, 6- hexanedighe div@édashyt @dlerordi - mmmbeli@d)mpd@ltdim,trmwyﬂrm echird
1, 10- decaned;j ol drnethacr | at e, pen ycol drne%hgc Iate

2. 2-bi 5| 4- meVRERF Y1 Oy LD OFY DK DB *#ﬂﬁ ARSI e

2, 2- bi s[ 4- Ml a6s ¥t DXy [ REN &AL 10Xy JIRRRNY IchbiieRare o3( hadtyetispZodict of

2,2-bis 4- et hacr yl oxy( pol yet hoxy) phenyl ] propane athb) is
2, 2- bi s%ﬁ- metiHa A %eﬁéﬁﬁsheﬂw?ﬁrebeﬂ@% %&ﬁb%‘bege 1%)‘{entwn

is formed on at least one side of an optical substrate.
Further, the fourth invention is a photochromic cured preduct

obtained by curing the above curable composition.

20 BEST MODE FOR CARRYING OUT THE INVENTION
A description is first given of the polyfunctional
polymerizable monomers having two to four (meth)acrylic
groups in one molecule (Ia) used in the photochremic curable
composition of the present invention.

25 In the photochromic curable composition of the present
invention, the (meth)acrylic polymerizable monomers include
polyfunctional polymerizable meonomers having two to four
(meth)acrylic groups in one molecule as the main components.
As the polyfunctional polymerizable monomers may be used

30 known polymerizable monomers, especially polymerizable
monomers used in plastic lenses. These pelyfunctional
polymerizable monomers may be polymerizable monomers having
both methacrylic groups and acrylic groups in one molecule.

In consideration of the acquisition ease of the polymerizable



2, 2- bi s[ 4- et hacryl oxy( pol yet hoxy) phenyl ] propane ((a+b) 10 is 20),

. tri-cycl odecanedi net hanol di nethacryl ate, 1, 6-hexanedi ol diacrylate,
1, 9-nonanedi ol diacrylate, 1,10-decanediol diacrylate, neopentyl

gl ycol diacrylate, tricycl odecanedi met hanol diacrylate, di oxane

gl ycol diacrylate, ethoxylated cycl ohexarfedi met hanol diacrylate
15((a+b) is 4), 2,2-bis[4-acryl oxy(polyethoxy)phenyl]propane ((atb)
is 3), 2,2-bhsidmacsyieayfpel yetboxy) phemy| Jipt opase (@ped)picidyt, it
2,2-bis[4-acry|oxy%po|yethox %phenyl]propane %%a+b% is 10% and,

2, 2- bi s[ 4- ack§ 1 BRGEPBF et h%x§ PhBRGFFBE opAKBEL8RbT RS BRog erizable

Qut of theseysRolhfsnety ongle ROIJUNRY irzakhe ofBNOARLURE tHeoA®aNELecule
formula (1) 1n which A has a skeleton represented by the faollow n

formula i s pteeeld & Beedudecespéapairy -hi §hatdisor 16pts BarLaeRsrty 3

obtai neds 25, o1y runceRYnkl1CYb Ahdr PL &5 EE LR FEATRA #5n %c&?@icgroups
bi f uncti onal Sbl meri zabl e nmononer 1 nclude bifunctional polymnerizable

mononer s havimgre mdliacwro@ns! of pehefporriiPaa 1poi meki el {afneren

or nore to | . : = bj :
[ 4-acryl oxy(}g% %/Ité %%x%apﬁ%ﬁag;rro%%ﬁe?[?( gﬁr%)m?lse% ],“e bslqodlnlcc% angfed H
pol yner i zabl eompimaret sn hand ngpaceydi tygroubsa menofunheipoahuiranemer
in which (ath).is 8. nore tq .less.than 1 su a

2, 2-bi s[ 4- ac%%]g(ﬂjpﬁ ybe% ﬁge)isy rp beer?fu Ere&ﬁé‘%ete(r( §+ §|hgt16$]? number of
bi f unct Lonal m¢pbdy nef | Ziad| ec taonel Sc hawemgy amred higee yhircbgr oupsrafes hef
formula (1) in which (a+b) is 5 or nore to less than 15, such. as .2
2-bi s [4- met AR r3Fo%yt ¢ pt §er h%&?/’)lf?)r@%ﬁ?%r%%aﬁ%ef gﬁ%)r?%gﬁ%)l g’
bi functi onal (poltynesi¢abt epSDRASEL sabayi MenoRmehaciytladgnoupsesé t he
formula (1) in which (a+b) is_16 or nore, such as 10 2, 2-bis

[ 4- et hacr y| R PoPGet PoRd ) POhERGT | prOpENE T PERRS i s 20) .

These pol yneri zabl e nononers having two (neth)acrylic groups in one
nmol ecul e may be used al one_or in conbination of two or nore.

15Furt héb, aherhefupeeierabdopbYyaet72abe c ADABREr PAEVIAGEY RO

(meth)acryli 6, 9rQpRsS {0 ONg-IBheCHh ohePhEseRLEd) by the fol | owing
formula (2) may be used. - i
As the bifunctional polymerizable monomer having two
(meth)acrylic groups in one molecule may be used a
bifunctional polymerizable monomer represented by the
20 following formula (1).
l}* R® R4 R?
— | I | _
HQC—C—bci:—o-{CHCHZO);—A—oqLCHcho)b—g C=CH, (1)

In the above formula (1}, Rl, Rz, R? and R? are each
independently a hydrogen atom or a methyl group.
In the above formula, A is a divalent organic group
25 having 2 to 20 carbon atoms. Preferred examples of A include
alkylene groups such as ethylene group, propylene group,
butylene group and nonylene group; halogen atoms such as
chlorine atom, fluorine atom and bromine atom; phenylene
groups substituted by an alkyl group having 1 to 4 carbon
30 atoms; nonsubstituted phenylene groups; and groups

represented by the following formula:



RORi oR8 R17 /1\1 H2C=C-c-ot/CHCH20CH2CF10) C CCH2 8 0 20 In

. the above formula, R7, R8, R9 and R18 are each independently a

hydr ogen atom or a net hyl group. The bi functi onal

pol yneri zabl e nonomer having two (neth) acrylic groups in one

nol ecul e represented by the above 25 forfula (2) is effective in

i nprovi ng the photochrom c properties, especially color optical

density of the obtained photochronlc cured product when the obtained
i (oJol. sed as a coating material. Further, it

above i functi onal pol ynerizable nonomer is
' n/xt ure of nol ecul es having different 12
Therefore, the val ues of

mat eri al .
general |y obtai™

nDIecuIar meights "e" and "f" are average
val ues. tPéfp@QQ(gﬁteéfsg:tth@r%@rershu F8rmh$a® to 25, "f"
is Oto 25 e+f iIslto . (etf) 1s par?rcu larly preferably 3

to 15. 5It is partrcularly preferred fronlthe vi ewpoi nt of obtai ni ng
a higher effect that a p rizabl e monomer having acrylic groups
rignore to less than 8, a

rylic groups or nethacrylic groups
shoul d be used when (e+ or nore 10 to less than 15, and a

pol ymeri zabl e nononer havi met hacrylic groups should be used when
(e+f) is 16 or nore as the polynerizable nononer having tmo
(meth)acrylic groups in one nolec of th nmerizabl e
nononer haviHY t 4o ﬂ%?nE%%§%E?9F?@ Byogﬁgngggiggeﬂ?e ¥ﬂe above
formula (2) include ethylene glycol nmet hacryl at e, dlethylene gl ycol
di net hacryl at e, trdé{hylene egcoI(Banthacrylate tetraet hyl ene

gl ycol di nmet hacryl atle ﬁolyethylene gl yéol di methacryl ate (the

aver age nunber (e recurring hyl eneoxy groups is 9, average
nmol ecul ar wei ght | ycol dinmethacrylate (the
aver age nunb neoxy groups is 14, average
nmol ecul ar wei ght , pol yet hyl ene/gl ycol dinethacrylate (the
aver age nunber (e+ of recurring ethyl eneoxy groups is 23,

pol yneri zabl

{in the above formula, R®> and R® are each independently an
alkyl group having 1 to 4 carbon atoms, chlorine atom or
bromine atom, “c¢” and “d” are each independently an integer
of 0 to 4, a ring represented by the following formula is

10 a benzene ring or a cyclchexane ring:

when the ring represented by the following formula:

is a benzene ring, X is any one of ~0-, -5~, -8(0;)—-, -C(0)-
—CHg—, -CH=CH-, —C(CH3)2— and —-C(CHj) (C5H5)‘~, or a group

represented by the following formula:



25" average nol ecul ar weight is 1136), tripropyl ene glycol

. dimethacryl ate, tetrapropyl ene glycol dinethacrylate, polypropylene
gl ycol dinethacrylate (the average nunber (e+f) of recurring

propyl eneoxy groups is 9, average nol ecul ar weight is 662), ethylene
gl ycol diacrylate, 30 diethylene glycol giacrylate, triethyl ene

gl ycol diacrylate, tetraethylene glycol diacrylate, polyethylene

gl ycol diacrylate (the average nunber (e+f) of recurring ethyl eneoxy
groups is 9, =& age nol ecul ar weight is 508), polyethylene glycol

di acryl ate M, age nunber (e+f) of 13 recurring ethyl eneoxy
groups is 14, _z ge nol ecul ar weight is 708), dipropylene glycol
diacrylate, tripropylene glycol diacrylate, tetrapropyl ene glycol

di acryl ate, pol yprdpyl ene gl ycol diacrylate (the average number (e+f)

5 of recurridyy RIARY! ENeoXin rﬁé@eééngeda}y%r@% ol estiag peibmhiais
536) and pol ypropyl ene glycol diacrylate (the average nunber (e+f) of
recurring propyl engoxy groups is 12, average nol ecul ar weight is
808). Parti y preferred exanpl es thereof include 10

pol yneri zabl % oers having acrylic groups of the formula (2) in
which (e+f) i nore to |l ess than 8, such as tetraethylene glycol
di acryl ate, .pol i S vVin C i CcarQups_of they. _
formul a (2)%%n%ﬁﬁﬁ#ﬁ?ﬁgﬁ%ﬁgggﬁﬁ%? %g}% %%?I%%% ?Eaﬁ915, %ubhhgg

pol yet hyl energlyT@tH:15-di acryl ate (the average nunber (e+f) of

recurring ethyl enegx roups .i s 9 average ml.ecul | j 5%%%,
pol yneri zabl e mnﬁ??e%%‘ﬁ%gl%ﬁ%h corl e lgzrnaf)bulpes n&)c%{cf%{]%é %;érvrr%l?%

i n whi chs( eHnetils) H10F1 i®gecupsl @sentharl ddylsuehrasepokyddithyhengdove
gl ycol dinethacryl ate (the average nupber 20 (e+f) of recurrin

Oty encoxy GguRe | 00 TR ArEAOT et S5 ah thS BAEIIERY 92 the
pol yet hyl enegldsenia dinetd@acrothad ecftde prvedege amdbitptevingof
recurring ethyl eneoxy groups is 14, aver%ge nmol ecul ar wg%gh{(ls 7.36) .
As the pol yfRIRGIGHAN Ko R Aa51%e FERS P1H5VFHbOFW%Pt al density.
(meth)acrylic groups i} QRRUIRIROUIR IRe B8, 81 MIndised & the above
pol yfunctional urethane (neth)acrylate having two (nmeth)acrylic
groups if ofemmilecule WHiaed 135 b st Tdt Hee ke rateerhaving
These poly -ifzfaeq{ ﬂmr[bgrs?&ﬁaﬂaweq HoM (PRERL2CLY! T £n30 91 QUPSof Mav
one nDIecurgﬁhay E%use al one or g% combi nati on of two or nore. fZ
The pol yf unetricond” poty mesre vad evabmomer Travibig ithride @bdwureffect,
(meth) acry! & HQURS 1 ahe {Pleal §oimypbe ;g Rolyf4pctlnalain) s 0
pol yner i zabl*e fonomer ‘havi ng Tacryli ¢ ¢groups and nethacrylic groups in
one nol ecul e Wt0 pr gketabliy @astpolwimeriiyz gued ereddier2 Havilig only t he
sanme functional groups (acryli r-QuURS._or net ryli r.ou in o
nol ecul Jtggas descrited (Sa\feFlcuclagrly A S eembeo ;alfrunnclztt::hoe?la‘f)l"c’p"ﬁgo“{"C S
pol yner i zablsgtmingiref armygthe ys€dca tpolty bhynrdhyinenal z pdleymenbmablleving

ronomer repra%SreynfieCd gles%u]@% ;quigllclneovt\gsg Ll’?gzrqugaaﬁg)?’)i's (S)o(rlm%re to less

than 8, a polymerizable monomer having acrylic groups or

methacrylic groups should be used when (a+b) is 8 or more
20 to less than 15, and a polymerizable monomer having

methacrylic groups should be used when (a+b) is 16 or more

as the polymerizable monomer having two (meth)acrylic

groups.

Examples of the bifunctional polymerizable monomer

25 represented by the above formula (1) which can be

advantageously used include 1,4-butanediol dimethacrylate,

1, 6-hexanediol dimethacrylate, 1,9-nonanediol



1\"R13 CH20 (CH2CH0)- g CG9=CH2 ilIn/ h R12R (3) In the above

. formul a,and R12 are each independently a hydrogen atom or a net hyl
group. R13 is a trivalent or 15 tetraval ent organic group having 1 to
10 carbon atons, "g" is an average nunber of 0 to 3, and "h" is an
integer of 3 or 4. The above trival ent orOt et raval ent organi c group
having 1 to 10 carbon atons represented by R13 does not have a

ur et hane bonghimOHher pohyé untct 1 0nadcpodgnel | dald ehaonphete havesigentyl
three to four § {héacr¥lic gLougs in one nolecul e represented by the
above for mul &Y% IReERACT securing the hardness of the

obt ai ned phot ozcllﬁpm@ rﬁ@ltl@@lc@ppagytpamgetn@kpypngnpbpp@@baﬁm ¢ a+b)
properties, espeC|aII color optlcal denS|t 25 and fadi ng
A polyfunctﬁﬁhﬁ é&’ﬁﬁ et b@?QPane

groups ig nofg, ffgr@dG;han a polyfunctlonal pol ymeri zabl e nmononer
havi ng four E h?acryllc groups because especially high color
opti cal densii,tsz 4 a0e Her Q0Y SpRE P at ¥SbheAY hedenrlfphepang ((a+b)

pol yfunctional pol ysresizpbt £ o g@fyb@xw oﬂ?é@ﬁ&ﬁylbﬁeﬂfgﬁ??ﬁ%o Sne
preferably used because especially high tol or” optica 15" density and

fadi ng speed( x> bt ai hed. Exanpl es of the pol yfunctional

pol yneri zabl o) i u

Fopr csent od By Phe Chova HaPriT ety S oLk e b e p PR s gt i)
trinethaeryIEaeQOxx|tmﬁ¢m¢lm¢m©@aﬂ@1meth@mgladémetbacaﬁtahvloInethane
trimethacryl.at tetra a e tri

Lot famet hyl o RN LT Aret HaEY VT ar e, |t SrPEnar PO oF bt agrytate:
tetraacrylaif;1&4déﬁﬁﬁ3@1¢lﬂﬁi¢ﬁt@&éteethgbp@@tglygbycol diacrylate,
trlnethacrylat rimet ne.trie | en

r1acr yi at o C k¥ TR T S B OB ST RLEL o1 atbOkdRe glycol
ditrimethyl ol {HOpaned ,eté@a@&yia&&@d apgc pohyesh €410ttt gonsl Sdba&rpgate
four (neth)ac ryllc groups. .The ' tetranethylolnethane in the above

conpound8 ey & 15 5r Shr dséntted Iy aGERARY Ry s thatadiiRhr kigiopane
Qut of thesey 441 ymethy] olbpropang 4rddmBiRAG) WAL HHoxy) phenyl] propane

((a+b) is 4), 2,2-bis[4-acryloxy(polyethoxy)phenyl]lpropane
((a+b) 1is 10) and
2,2-bis[4-acryloxy{polyethoxy)phenyl]propane ((at+b) is

20 20).
Out of these, a bifuncticnal polymerizable monomer of
the above formula (1) in which A has a skeleton represented
by the following formula is preferred because especially high

color optical density is obtained.

arva
T
25 CHj
Particularly preferred examples of the bifunctional
polymerizable monomer include bifunctional polymerizable
monomers having acrylic groups of the formula (1) in which
(a+b) is 0 or more to less than 8, such as

30 2,2-bis[4-acryloxy({polyethoxy)phenyl]propane ((atb) is 4),

bifunctional polymerizable monomers having acrylic groups



particularly preferred. These pol yneri zabl e nononmers having three to
. four (nmeth)acrylic groups in one nolecule may be used alone or in
conbi nation of two or nore. 20As the pol ynerizabl e nononer havi ng
three to four (neth)acrylic groups in oni nol ecul e may be used a

pol yfunctional urethane (nmeth)acrylate h Iing three to four
(meth)acrylic groups in one nolecule. 25(polyfunctional urethane
(meth)acryl abe tiewifrgrrtwios t(d)f dur whirehhXaebyl is Yrouperientongess than

I I th t I th
(et h) act vl ab® havFRgRend, Coor bbb trermpaySrRgeghalsi bifRy dbeobane
nnleﬁyle n?y b§+B¢V§Btalﬁpubi?uufeﬁ?nah;ﬁgB@m@ﬁiyébD@tm@m@Tinseh@ﬁﬁmg

met h)acrylate is not  particular imte nown ur.et hane
Eneth)acrzla@%tﬂﬁ9rbélﬁsgaouﬁftﬂgﬁbﬂea BB@V?ﬁné?Ioh%lw%b?9né?F95bI% 8

monomer kavi g heth aerykks gheHpssandupBt hacrylic groups in one
nol ecul e may be used, it is preferred_to use a conbination of

po|yner|zab|%f21%1ﬁéﬁoﬁ@FgaﬁavIﬁgyﬁﬁ@lgaﬁBO#uhebﬁaﬁéﬂngB&ﬁ@ i(HadRhe
mol ecul e in { el@Ie§§8tbhEM§E£hBHa§S g?ﬁﬁ&k@%@bﬁgoﬁgnomers ha¥ihg

pol yfuncti onal urethane (neth)acry two to four

(et h) acryl iseghaopglis @@@@@%u@@aﬁhﬁs%@ﬁmﬂﬁg(é t H8 ghieRgtRTB! ihel®
obt ai ned phot oc C ed_.product Pol yfuncti onal urethane
(neth)acryla%gsﬂégglr%ggﬁlgsd|V|ded into urethane (meth)acryl ates
havi ng a® ardpatbtsiiingesbehrasoaybenzgnehpkragprhanyhépmobesal drlatb)
structure and u%ﬁ@hane (meth)acrylates having no aromatic ring. In
the 10 preseh ention, all of them may be used but urethane

(et h) acryl at es whi'ledss €l @ aigtnelrdvwkdre mpoomeire rraivdglgamdod(rn@’dn aycetjlbi/w
are particul arl referab use romthe_ vi int of the

resi stance of* %z%gr%% %9?) ‘g§%ﬁﬁﬁ% Pseﬁwgg8pﬁfuﬁc%lo%PTghnatlon
ur et hane 15(@gth@@cbylﬁbgelnclude uret hane (neth)acryl ates mhlch are

reaction _m xtures obtai ned by reactin roxyet h th)acryl ate
whi ch may have an Bi%kyPehe %&?H@eﬁhﬁfgf % an° Y%?%bﬁ%ng?e BryHet

prepared by E&@fﬁgﬂgth%@%ﬁtBb&@ﬂ@cdgkégﬁﬁaﬂab%e heophalenespresented
di i socyanate, |ysine isocyanate, 4-tri met hyl hexanet hyl ene

di i socyanat &Y dfer fel hevane sbeyanate (2i sBp¥op§| Paefe

bi s- 4-cycl ohexyl isocyanate, dicycl ohexyl nmethane diisocyanate,

nor bor nene diisocyanate or thylcyclohexan di i socyanate with a
Iomfnnlecular wei it polyfﬁ%ctlonal polyolﬁhgch as anonaIkerne

glycol 25 hay ”“@va@’m @%ﬁﬁ%@)ﬂ Kooyl oge

pol yest er dIOI exenp y fied by pol ycaprol act one 'QD pol ycar bonat e
di ol ang pol ybut adi ene diol, or a known | ow nol ecul ar-wei ght pol yol
such as thylene gl ycol , propylene 30 glycol, 1, 3- propanedlol

1, 4-but anedi ol , 1,5n pent aneci®l fodn6thpxahedi®ol R 1aﬂdoRIaae&|ebch

1, 9- nonanedi pl , neo C di et hyl ene gl ropyl ene
glycol, 1,4- %9%?%%%& 5¥3|%I¥y§?Q989cFE§EXgﬁegd¥ﬁgbxé F glycerin,
trinethylolprOpaneTmé 5&iﬁﬁﬁﬁ3@ﬁﬁitp&ly@ériﬁ@ﬁleOmoﬂmméﬂrﬁﬁv1ﬂ@ two
obtained by directly reacting the above dllsocyanate W t h

2- hydroxyethyme%mé%ﬁ§5%%9ﬁﬁﬁyaaﬁ%ﬁﬂﬁ%@O%%Q% QF SRIRPEOAE TR FE IR T
and whi ely haygrgm, ! esyl ar wekght it 4R0iQpr8vifAgt enkegiotBanr3A1800.

properties, especially color optical density of the obtained
photochromic cured product when the obtained photochromic
composition is used as a coating material. Further, it is
also effective in adjusting the viscosity of the coating
30 material.
The above bifunctional polymerizable monomer 1is

generally obtained as amixture of molecules having different



5 "(preferred conbinati on of polyfunctional polynerizable nononers

. having two to four (neth)acrylic groups in one nolecule) In the

phot ochrom ¢ curabl e conposition of the present 10 invention, the
nunber of noles of the nmethacrylic group,and the nunber of noles of
the acrylic group existent in the conpos%?ion can be set to specific
ranges by conbi ning the pol yfunctional polynerizable nonomers havi ng
two to four r(lasfeédm)}mrydei:cg}grmup@hiemeameermtleeuiaelde@béd“@’b@vei ang drke

optionally a nDnofunctlonaI nerjz | e _non @ﬂ% f %gg war
descri bed he?&Fraf¢ d1ues- (?t%%ﬂV%rﬁ ¢ EUrabF et ebRB5E ti%n
of the presend g neermd,omtthe OnEbh;).apra/rhdic of yney i1zabl esnmonosefs is
can be forned only of ‘the above ol yfunctjonal polynerizable 20
MONONers. Itp@%ﬁkﬁ%ﬁ%ﬁ+%dpfﬁ5?r?ﬁ%yp R ?uﬁgtlonal pol yreri zabl e

nmononer s sshoul d consisd ﬁﬁr@ib&lhﬁ&&rﬁgéﬁéﬁie@-bi5#n@$é0ﬁﬁéwp01nt of
pol ymeri zabl e nononer having two (meth)acrylic groups, 1 to 50 mass%

of atrif un&bwl%ﬁﬁhﬁﬁ%ﬁﬁﬁée%n@?ﬁ? R4 R K HF Rl § RENRTEERAY 9
groups and 25 0,1 0- 43RS ¥nehia tetyfdnethonal s pqls\/mf Lo 1ess

nononer havi ng our (meth)acrylic groups (the total of the
bi f unct i onal tipot yierd zedl ¥nephomets m%@omerfhﬁ&%ﬂ@né@rbb+9nﬁFPEB§I@r

oo and e conltL ntsn(g]%égﬁessé}p%y&r%é sy W&EW%MF i @é%re

By setting t nmononers to the above ranges,
photochﬂ@nlCUEU&@@spt@@mc15hawm®gahpghym@nt@@hlenm@npmapeh@Vésgand

e el T ot B ARG ToPIALD 08 sheie o

it is nore unc pol yrrer i e nononer
havi ng two @ﬁethka@myymergzmmpsnmthmmﬂihéumngnmnalmeia)pokymmcugzdngﬁ
nononer havﬂgg t hree £ne%f%acrylic groups and the tetrafunctional

pol yneri zabl 8" ifforfe? " havinyg four (nmeth)acrylic groups should be
contained in amurﬂ:&anqﬂ&é) 30 &k rmsﬁmeﬁﬂzal@léanoms% amlvﬂqc_r; ot 2

mass% respectlve 5 (the total of the bjf n r|z bl e
mononer -3t hel§h Y%h%]gERﬁ@ﬁmﬁ?E%ﬁﬁ%P?%%gWé qé }f "Formila (2)

tetrafunctiofall et Yé@{% TRASIR] 1. rheSt HAOr diethylend\sgy ol
preferred exanpl es of the above ifunctlona pol yneri zabl e

nononer s, tkﬁ#%ﬁ?ﬁﬁﬁ%Y%ﬁﬁ#rFﬁﬁ%@EﬁY ABF eI 1 OCHBNIHRE LRRCHY bR RRabl y a
bi f unct i onal, Al yawes ggae@ﬂfalﬂétﬁg&ﬁmy@ f}_%l'}'é@h{riléné NgYhEsh

A has a skeleton represen he foll ow ng formnul
blfunctlonahﬂxmﬁghﬁﬁrzkﬁﬁQa(ﬁﬂﬁwﬂﬁeﬁﬂGQh@UQQ@ve $bfhu@5 {9§u¥ﬁ10ﬁ|ch

(e+f) is kg;gl %fﬁ&% @rlgveggggnﬁmgeﬂg&r@éy Hﬁ'Pé‘af!ab(i'

polynerlzable noner s er abh atron of pofyneriza
mononer s of pdﬂe/aﬁwbem@gﬁrubal(@methmmtﬁ tihe esvezspgeecnflmber (e+f)

exanpl es of t e blfunctlo ri oNgpr |

2, 2-bi s[ 4- act Io ‘%%}y%t %? %ggf % p§ % ?§4b§9§£§§§’maﬁea?lar
2-bis [4- acmﬁx@@drx&yﬁ3@nyp@hﬁ@ymjbem@a@by¢©h+®)métha@jylate2{bhe
4- met hacryl o ol yet hoxy) ane

Tl o4, ARG ST SO ARSI S ety provps, is 23,
tetraetQshagxéﬂa@éﬂmdﬂéﬁﬁb@ﬁ“ﬁél@h&YEéhyiEﬂB,gtﬁﬁﬁf0§yﬁﬁﬁ¥|@lﬁcélhe
aver age nunber (e+f) of recurri 25 et hyl eneo groups is aver age
mol ecul ar wetigtthacsogyte pot skt %@ %%?c%}yﬂ¥%0?§W§F%a%fﬁ%a59erage
number  (e+f ), Of 51 eG3F IérﬂQ SLIYS ENeMY L WA OKPBat S PLhaVET 8Ly EDh@aHE Al

wei ght is 5§%) and | yet hyl'ene gl ycol dinethacrylate the aver age

nunber (e+f) (e5ffr e rﬁ@@%F%%m@lEﬁ@ﬁﬁ@e@ﬁ%ﬁbsg¥%uﬂﬂ Laver agecrage
molecular weight is 662), ethylene glyccol diacrylate,

30 diethylene glycol diacrylate, triethylene glycol diacrylate,
tetraethylene glycol diacrylate, polyethylene glycol
diacrylate (the average number (e+f) of recurring
ethyleneoxy groups is 9, average molecular weight is 508),

polyethylene giycol diacrylate (the average number (e+f) of



30 nol ecul ar weight is 736). Exanples of the trifunctional to

. tetrafunctional polynerizable nmononer include 19 trinethyl ol propane
trimethacrylate. Although the photochrom c curable conposition of the
present invention conprises the above pol yfunctional polynerizable
nononers and t he photochrom ¢ conpound, the 5(nmeth)acrylic

pol yneri zabl e nononers nust include 70 parts or nore by mass of the
above pol yf unetionahg pahyiemeszadl eroopsner 34, Eyweefampt hpaeryllae weight

pol ymeri zabl e mer,s _may includ | p)..a nmonof uncti onal

Dol it i 7abl £ NG TEr LRADLHUCORES Tt hIHATIIE ohis: PROBHESRS Bt
besi des t he above, 10 pol yéunshiopalepol yrpebzabl ecapnagers. The
content of the nonofunctional polynerizable nononmer in the total  of

the (meth)ad?SdYRIPRY yPeei Shpfel notprersa st the 9vee2%d papeer (e+f)
bymass. ‘Fhe iptalcofrihg %P??%%é%@&x%h@r@@ﬁyeiﬁobyfHﬁék&?@aholecular
y

pol yneri zabl e nononers_an he nonof unctional 15 polynerizable
nonomer is 10B.PaF t5s bY3 phsand \ipehYPRePY bEAF @oKEeht dbficEkeate (the

pol yf uncti onal . pol ¥ MRLiZAb! 8. FPNONRES 1irS s hes %éﬁ?ﬂegé)o;@?rgtr%@é HBSH,

photochromi c properties are greatly affecte enperature, col or
opti cal densatgragmdsoiechbaerwaigathigh8@@hperature, 20 and

satisfactory scr atf%ﬁ:?@lg&%ﬁﬁ o) fe&ee%%fp@igg%ﬁ%f@of%@cmér d

coat |ayer is forned. i onal neri zabl e nmonomer
havi ng @fe (prelymect ydlh ke graouwgmens basimgl ecuy ie5Mheiphotfothe oivgnula

curabl e conppsjtion of th sent i nvention LSeq (]
nnnofunctiongf)p%ﬁy%%%?gag?gf ﬁ%n%roﬁaW?ﬁ% %%gyfﬁggg§é§r§figbaﬁoﬁﬁ
in one nol ectdierddriagthtée oml Yool heiaboyeape) ypohgheonabbpel yoromeabl e

nmononers (I .. This of uncti onal I rizabl noner. (1 b) js, not
30 parti Cl(J| Z%EI“VIF‘? A TR Hnh I LYo %&%gﬁﬁﬁ}ﬁ&ggg})ﬁ?l ‘Q}ma&ao{%%%)ndls
which is used ¢ bastte 1epnseshamylbe sdvianktageougtyhusetde giycol
The preferred nonofunctional polynmerizable nononer is represented by
the fol Lowi i Fer At (4jhe PoeRAge FUAMRRDH=0S bt b- EHEREBYT T 119
CHZOFlO)'RlzitH§ﬂeﬁéoxy groups is 9, average molecular weight is 503},

polymerizable monomers having methacrylic groups of the
formula (2) in which (e+f) is 8 or more to less than 15, such
as polyethylene glycel dimethacrylate (the aﬁerage number
20 {e+f) of recurring ethyleneoxy groups is 9, average molecular
weight is 536) and polyethylene glycol dimethacrylate (the
average number (e+f) of recurring ethyleneoxy groups is 14,
average molecular weight is 736).
As the polyfunctional polymerizable monomer having two
25 (meth)acrylic groups in one molecule may be further used a
polyfunctional urethane (meth)acrylate having two
(meth)acrylic groups in one molecule which will be described
hereinafter.
These polymerizable monomers having two (meth)acrylic
30 groups in one molecule may be used alone or in combination

of two or more.

(polyfunctional polymerizable monomer having three to four

- {(meth)acrylic groups in one molecule)



In the above fornula, Rl4, R15 and R16 are each 5 independently a

- hydrogen atom or a nethyl group. R17 is a hydrogen atom al kyl
group having 1 to 20 carbon atons, cycloal kyl group having 6 to 20
carbon atons, phenyl group which may or ppy not be substituted by an
al kyl group having 1 to 20 carbon atons,l%aphthyl group which may or
may 10 not be substituted by an al kyl group having 1 to 20 carbon
atons, or glycidylrg pupy functionkhepaioyned unedb baalonpoleynbarvzaplthree
nononer represent ed t he aboye fornmula (4) is geperally obtained as
a nixture oft?m‘qn%l e%\ﬁtﬁﬁyﬁ%?f%?%‘ﬁ?snﬂe%%?aﬁogﬁ?ﬁ#‘?smaﬁh}%?e?or e,
15 "i" and'ﬂ&lfﬂﬁhéﬂ@ﬁ@ﬂﬁ | @S i ddb T acmemefrtuneti agadcrylic groups
pol yneri zabl'e nmononer, preferably, "i" is O to 25, "j" is 0 to ES,
and (i+) | ST eeDRCyyL s JEOWRT t R uPRE IFP bR et BF 419 BprEpeisPly a

Speci fi csexampl & 0f  dihe. Henednch i enad Ralyireizak! eurlr MBAIR T ddy
whi ch can be particul arly advant ageous used i ncl ude

a
met hoxydi et hid @riel & R Ut Hadrs e Y Fet QM det e fgts as
met hacryl at e;. Jrethoxypol y&t hyl ene glycol nethacrylate (the average
nunber (i+j) of recurring ethyl eneoxy groups is 9, average nol ecul ar
25 wei ght is 468) As rtehmaipo ywetthidrene ra Wt r iaaihee meneeey iy e
average nunmher (i_+j f rri_ng - L.S
ol coul ar vergit 3 €oHEH S e R e PR, poh BRSPS AT Dy
met hacr ¥Dat e;hepheniokoret iy | Bmengly cod) met hacryl at e, phenoxyet hyl
acryl ate, phenoxydi et hyl ene 30 gl ycol acrylate, phenoxypolyethylene
glycol acrylate/(the average nuftber (i+}) of recurring ethyl eneoxy
groups is 6,R HggH+a£¥mei Ck% 412), napht hoxyet hyl ene
glycol 21 acrylate, hsostearylg adryl ate,, isobornyl acrylate and
gl ycidyl methacryl ate. TheR¥e pol yiétizabl e nononers having one (neth)
acrylic group in one nolecule may be used in conbination of two or
nore. 5SFurther, another nonofunctignal gpl%neggzable nononer havin

one (meth) acryli dgFBERIW @A AN EecURe #ePHes@rted® by Jtr}r}'geﬁe&qed\?ﬁ g
formula (5) Jraydedsed R8s sesa ther dPoVersmhof wietionaltrivalent or

pol yneri zabl e nononer represented by the above forpula (4) . R18
H2C=C- C1B- RIS RESKY RXYANis) Jro0iA haviddaBote 19Brfureon RIS a9

hydrogen at JELE (G of 0 to 3R1GnksSwAR alkyl ene. HouURs 3
having 1 toq%%%%%r on g%%ﬁ%, R2 fé an glkoxyngroup havi ng 1E?% 6

carbon atonmr @nd RR2e @bove & igadyEntgrogul sradviag-entt @@ agdih @ryoup
(af(:)_rln);' i Sk3 ihsav%'.r}lg} r1t %geiooéar]b&ﬁ) a%forr?sl';:eip%eggnit@deggrRDf dgegongt haa%
a urethane bond.

20 The polyfunctional polymerizable monomer having three
to four (meth)acrylic groups in one molecule represented by
the above formula (3) is effective in securing the hardness
of the obtained photochromic cured product and improving
photochromic properties, especially color optical density

25 and fading speed.

A polyfunctional polymerizable monomer having three
(meth)acrylic groups is more preferred than a polyfunctional
polymerizable monomer having four (meth)acrylic groups
because especially high color optical density and fading

30 speed are obtained. Further, a polyfunctional

polymerizable monomer having methacrylic groups is

preferably used because especially high color optical



Exanpl es of the al kylene group having 1 to 10 carbon atons include

. ethyl ene group, propylene group and butyl ene group, exanples of the
al koxy group having 1 to 6 carbon atons 20 include nethoxy group,

et hoxy group and propoxy group, and exanﬁges of the al kyl group
having 1 to 6 carbon atons include nethytf-group, ethyl group and
propyl group. Speci fic exanpl es of the pol ynerizabl e nononer
repr esent ed dynsheyadoderfdinul aped)l mhechbtraynbd.25 advant ageously

O ettt Y onethasty] QY| URCORY (FLLIRE BRI hb 2 feri zable monomes
y- met hacr yl oyd exy@remdarebhydudi (meithxysildreg ryups rad myd sseyEd pyl the

tri met hoxysil ane, y-acryl oyl oxypr | triethoxysilane and
y-acryl oyl ox33P6pyt AR é)dgﬁﬁgﬁé?yE?FEﬁEhyxﬁi?HBPBPﬁsent

I nvention, polynBfhzabl eaFENORRE fiebayl BUpPBBahBELR) a8eyYbEE, group in
one nol ecul e may be used_al one or in conglnatlon of two or nore. 22
Qut of theset#fRfreHeY I OREFEPBNGEF i FaBIBCABABRBIS (I D), _
monof unct i onaly pol yieyigaklengruopet scef1the, abeveafhetayh a1 hdinkie
which (i+4) is Oto 3 and R17 is a egC|d¥% group or nonofuncti onal
pol yneri zabl ecwprerehacoylahe. abeveasetbypalactBinentahreACRY®aE S, an
al kyl ene graup. in r pok ' N2k KOXK -9 QUR
having 1 toq§9%§?%% ﬂ%%%%%?é%ﬁ Eg?e?§9£%ngfﬁ§#58?oap ﬁav%ﬁg g tgeé
car bon abonstmairecipreielpbbyaousedrbethusenthglyeapetratarsydependence
of photochrom c properti I t i sion between 10 the
photochroniég%%%.T%g ¥%§E§I%§%H§h%égggﬁggggggygggg'can be i nproved.
Speci fi ¢ exaipt eknofh ¢ heber cpape urstsr a avot widet gylayci dgl yeet hacr il @tegrs
gl ycidyl acrylate and y- et ryl oyl oxypropyl trinethoxysilane. The
nDnofuncticwﬁévkﬁﬁyﬁ%¥¥zéﬁ?€gﬁﬁﬁﬁﬁx}c(%E?uﬁ%‘tﬁ@“ﬁS phot ochr oni ¢

cur abl e conposétifheitiylbengteseat inventi aboser ¥yespbondapnayebe
adhesi on _bet ween theeggotochronic coating Iaﬁgr and tFe hard coat

| ayer ahd t HEERERRERCHArAbi FF1Y1af DPABEocREBhACEpFBpeFPles. The
(meth)acrylic pol ysef i zable Jonoieise d gl diderofhi® dO0nPa Sryathasiss
of the above 20 pol yfunctional polynerizable nononers (polynerizable
mononer conpRAF i em)arla)PERECDred: 30T RET LIRSS BT K

monof unct i On?évﬂod( VePeFd Z ahd e ARAORE LK ) £ r #B: dEgEsibedi RbOYE . mdRecule
produce the effect of the above nonofunctional polynerizable nononer
(1b) nore wide khersed | ybpee QPoRN2SCOPALRBERPBNPE BrOpeEt Rese of

tenperatyre i s su 8556 ﬁggn resl C j he
har d cogp | ayer is orneg? é%§§§%§€% ﬁ?&?@%ﬁa <%oﬁég%$£%§d%ﬁ2§8uf
pol yf unct i onahe tpol aarey 1 zabyecwpnoher sn¢ | aylandle heagoneensedf at he

%9 parts. by MaseRMR: BT TE SARE THORHTECk)TbcE iy K b8

preferably, tietHdatyrontendups ifheopel ydlactienal pol ynerizable
nononers (la) and the content of the above nonofuncti onal

pol yneri zabl e nononer (lb) are set to 90 to 99 parts by mass and 1 to
10 part gshy (mssyfuespestiaVeaelyethadde (meth)Ardasad plivifg 8wo to four
subsequently given of the nunber of noles of the nethacrylic group

and the nunb&ied}) FoTesl ©fIXARPACHYI PRE gFBUPCRLRAL ai ned in the

(meth)acrylic pol yerdrahl e SEanomBiven Ol o NS Wfud® @nOf urethane
met hacrylic group and nunber of noles of acryllcvﬁgg¥ ) In the

j P .. .
present i nversidn, aqmel aimiervord norestoff e G HAKSIT B GroipPrmdn
the nunber an%gﬁkc?ﬁeahé Nea FO5Y! 4Gy 9hOPedOs £oNE abaed 3y 4 he

(meth)acrylic ynerizabl € nononmers nust be Set to specific ranges.
St at ed #bre speciyncalenagl uretharserireft Melcey 1ot et he met worydgwlarly

group existent . t VAN i t 3
P 7t o CHE e b ol 2e gt Eh A T B el O e Y e s
15 of nol es Mfthdeghmet hatyyhnctgproap mmbyrdrel zaimbe mooforren] ksvofigthmth

acrylic groups and methacrylic groups in one molecule may

be used, it is preferred touse a combination of polymerizable



A phot ochrom ¢ curabl e composition obtained by using 25 a

. (meth)acrylic polynerizable nonomers in which the nunber of noles of
the nmethacrylic group is less than 3 tinmes the nunber of noles of the
acrylic group has great tenperature dependence of photochromc
properties di sadvant ageously. Wen a har 4°coat | ayer is fornmed on a
phot ochrom ¢ coating 30 layer fornmed fromthe curable conposition

t he scratch mesbréandeavind hehdarathe Gaindtayeralbeeonmes tnsahé shatsonye
di sadvant ageously. A hotochronic,curablg conposi.tion in which the
nunber of noFRstiF PHESRRERARFSIFEOhr 58poPSCALPESt ARRYY i mes ¢ he

nunber of noles oftihe RETyFhecOl SR SEESthddet ReEiRl 2ELPLALEORa®ing
phot ochrom ¢ properties such as sl ow fadi ng speed di sadvant ageousl y.

Further, adhEe€p o bietWeeneHa) PRBY bEhr SRPEPEobt | Pt FaykYe f b mRCHF B

the curabl e composiiionand the bprdiseat ﬁhay@&h,b@ﬁ@a%ured product.
unsatisfactory 5 wth the result that a photochrom c cured product

havi ng an excel | erRolfferet cammbt ubet bdrai Hedl i 32N bMEagedis| youghly
The ratio of of of i : n :
c#\pfd &'{T}Ergfo urgphgﬁe (mbPR) qRLDRGE UL ﬁgG%ﬁgfﬁgﬁ} drbR§tic

nunber of noles o acrylic group existent int acrylic
pol yner i zabl el mproner . an dee zERec alicwl anedhasmébetohsr Statedunerand

ificall t et ' d
Spectf1 ool Yyl D NUTBRL: 61 1Bl 801 L6: 5! RBChYbhe 9LouRrand Ehecne
fol |l owi 0§ nethedentuidresnofonpl eslobfmehbacnyyi begneap buEf pmasbané

15 I i zabl havi h ] + (it I I
L8, POl | 3L FONOEL. IR S HRDELY L 1 91 SHBRloi (| o [RLeRth
acrylic groupt H1lsmssrof ppot yorl hzabl prevesael yhavedgfacnythe

+ (it | ecul I ght b foi f ti I
301" the aboViERRA oG, TEe P DLFBE RS EREneand hhenc R B UPaPREg Lo

nmononers were usedagndNes RoF YRS | ey eum®iDeks1 YWherhanai xture of
the (meth)acrylic polynerizable nononmers is used, the above no|] ecul ar

wei ght 7§ t hetel/eragey bt echit Gl udei Whet e nEnet Xt 3 ey 1 Fo?S ekt 2 e

when a mi xt urg, of  $Nen 2oc PPLYf 4BELi ABal bpOoLyABE I ZgbbenprPeARESHy]
represented by the above fornmula (1) is used, the nolecul ar  weight is

obt ai ned frofffatHe) andey baee vitieh gfay &) athalkdippcopxifde @igybervpih
I f th i i
Oroup exi stal PO AR AN oA aH My e e I
obt ai ned by dlizdaiyanate, cadepharede ndivbercyinait eslyfindeisocyanate,
h i by. : f i
e acr b ¢ Sradp by dhey SR SRbaL el URDeR, PLo MM Racel LRReREEYALEq

group. a cour se,
pol ymer i zabliesomyarers, conspstpplidahy bhe-aboyelokséxpbdl yfanganahal

pol yneri zabl e, nononers (| t he, nunber_ of nol es .of the nethacrylic

Broup and HE- TSR o et Ban e LD SEFOf 4 Jrauip BT o et T THeree

pol yfuncti onadt ripod Wy y 2 bdth €x 8 ot Soshenb tle beithl eul aledlo basellaon

the 5 above equations. Wen the non fqutional pohénfrifab e nononer
& et hacr YA

(I'b) is contf¥Ef BN ot mA FUe Y4 1

the nunber ofzymies ofeddier B Wb Lt 504p £OM @ yIRSchd o, propylene
polyfunctlonal_go ymeri zabl e nmononers_and t he nonof uncti onal

pol ymer i zabl & ¥ BRere%ABRT Y bena @xdalchif ¥t e Lwo Lo FOUTACHERER| HtTHHr
I's subsequent |y, giyenPfqile LPROLOLDELBY CHEOFROYASrolactone diol,

polycarbonate diol and polybutadiene diol, or a known low
7 molecular-weight polyol such as ethylene glycol, propylene
30 glycol, 1,3-propanediol, 1,4-butanediol, 1,5~-pentanediol,
1, 6-hexanediol, 1i,8-octanediocl, 1, 9-nonanediol, neopentyl
glycol, diethylene glycol, dipropylene glycol,
1,4-cyclohexane diol, 1,4-cyclohexane dimethanol, glycerin,

trimethylolpropane or pentaerythritol, or reaction mixtures



(1'l') photochrom c conpound 15A conmpound which exhibits a photochromc
. function can be used as the photochrom c conpound. For exanpl e,

phot ochroni ¢ conpounds such as ful gi de conpounds, chronmene conpounds
and spirooxazi ne conpounds are wel | knomg and may be used in the
present invention. As the above ful gide 3 conpounds and t he above
chronmene conmpounds, conpounds whi ch are nade known by USP4, 882, 438,
USP4, 960, 678¢btiSPhed 30y 088rant? YSP5a d 0609 98hanybbee advant ageonase ywith
used. Conpounds, whi c ne foupd by the. inventors,of the
present i nvefti¥ r3§y%5ﬂ§%uRﬂéghg@Fﬁgﬁé§8ewﬂéﬁB ?%ypHSFSCEPoﬁﬁgyEene
properties sgghdascreoipeudshdcachesed by 18RuAa30wdigBR2Y89,00)BrAncre
11-286484, JP-A 11-279171, JP-A 10-298176, JP-A 09-218301, JP-A

09- 124645, JEP2AL®8S288890203R0R-08- 176139 and JP- A 08- 157467 may al so
be advantsageously used. 26 Qut of these, photochromc
conpounds di scl osed by WO01/60811, USP4, 913, 544 and_USP5, 623, 005_nmay
be advant agebPsE§ensed. coupiprtiaBsel pRBLYEHRERiENEdnBBLHAEr1zable

chronene- basgd, phot OCHEPMLE £QBPeHNds; hayReRhgheryD i dULaBLbEt Ynobne
phot ochrom ¢ properties than other photochrom c conpounds and nuch

more i nproverototetebpti cal density and fading speed of photochronic
properties by the i j t t . 0C i
1] ec%%hn%@b%§ﬂ%bﬂﬁc &ﬁ%hﬁ&ﬁ%m@%@i@geﬁ% ‘Epe present

conpounds. Therefore, e particular vant ageousl y ‘used.
10Furt hé0, oimveftidesetledhmomdrse bdsedlphot Datiromethesmydindgroup and

conpounds represented by .t I 1 ! a LhLt .
especially egg%l?%%?eﬁh%§o@§%%%i%gg%gge%§%g¥kgn&?hggogﬁgéﬁggkcﬁpe he
product whencémgys at tonsedn e conbitratipere iMiitch rehgeabbyecombining the

(meth)acrylic polyne ingie 15 mononers. Further ven_wh n.a ha%g
coat |ayer |%°f%%%%ﬁ b3+ chP HmEFbaﬁéiec%ﬂB?PgFﬁg ?HéngoﬁpSUEB ur
represented byethpaésyl owi agotipsMihach6) molbeudbt aiseddopbbeal and
Adhesi o Sbot GBEHOThE ar TORBERN P EYeha b TOME Fhee PP GRIEE T 20 4R 111
hi gh scratchy&egistaNE€d heré9hr08peR31) In the above formula
(6), "p" is an integer of 0 to 4, R31 is _a hydroxyl group, alkyl
group, hal oal kyl gfotkpe photochromic curable composition of the present
invention, the {meth)acrylic polymerizable monomers can be
formed only of the above polyfunctional polymerizable
20 rmonomers. It is preferred that the polyfuncticnal
polymerizable monomers should consist of 50 to 99 mass% of
a bifunctional polymerizable monomer having two
(meth)acrylic groups, 1 to 50 mass% of a trifunctional
polymerizable monomer having three (meth)acrylic groups and
25 0 to 49 mass% of a tetrafunctional polymerizable monomer
having four (meth)acrylic groups (the total of the
bifunctional polymerizable monomer, the trifunctional
polymerizable monomer and the tetrafunctional polymerizable
monomer is 100 mass$%$). By setting the contents of these
30 monomers to the above ranges, a photochromic cured product
having high photochromic properties and little delay in
fading can be obtained. To obtain the above effect, it is

more preferred that the bifunctional polymerizable monomer

having two {meth)acrylic groups, the trifunctional



25 cycl oal kyl group, al koxy group, am no group, heterocyclic group

. having a ring nmenber nitrogen atomand directly bonded to a benzene
ring bonded to the nitrogen atom cyano group, nitro group, fornyl
group, hydroxycarbonyl group, 27 alkylcarbonyl group, al koxycarbonyl
group, hal ogen atom aral kyl group, aryl-group, aryloxy group and

al kylthio group, and when "p" is 2 to 4, and two adjacent R31's may
be bonded t qgel fiesr10alh D¢ matored Kyikeneadi txyegrmegrhadmd it §eo8ps and

carbon 5 atons. The, aboye al kyl group is preferably an_al kyl
s v oS (e Ere BT avalePe YR EP St nRrBe T ooy Lad nr Ry
group i ncl udgnemest hwd r @1 DdPgr &t PY | s QL. bé - RSPy n &4 OLP, ar SO O 60
group, n-butyl roup, sec-butyl group, tert-butyl 10 group, n-pentyl
group and n-FexdH mgsedp. 20 to 4ij%§%%dvgiWaFSagﬂymaiﬁ%nufﬁ%?e?tlvelY
pref erably a{)mi; ogdtkyl &F obe haVi e tli doa B SAT PR A1 OB WHifdhd S, the

substituted by a fluorine atom chlorine atomor brom ne atom

Preferred exaipfesciotonik dedlyawinkydalbdreonpnener wdel £hpfiaidradstdylongsl
roup, pent r | pro goup, 2-chloroeth
group, p aﬁémﬂrgﬁeét)%{yﬂélg RPom&h Q%hﬂ@é%sgop.p y

group and bro roup. e above cycl oal kyl . group is
preferably a cycl ded Kplr gref@prhadiexpidrtes @ icahbonbarems L yWreferiah 1
exanpl es of I i nc e .

vel obutyl OB PR Y i hP=t O SR YL OPLRRNY OEOhRez i zab1e
The aboté almkexgmeyr dup pire fiprefodvabl i fnnat kory l grolypndaviayld nandgoer

o owif ShElBSTE XA Pl 18 SN SHR LESH U IR
o e p e B L e L L el AoV pnam Dable
Lert) ary anPARFUueE ERABPEYCof CERRLaubat I TueHE BT (ERE) OB ondst v Tor

tertiary am no 4p i nCHa4d | kyl group having 1 to 6 carbon
atons, an al kox rofip h4 y 1 to 6 carbon atons, a cycl oal kyl
group having 0 8 Larpon\a s, an aryl group having 6 to 14 carbon

atons and a het ereaf yl Fg FRAVing 4 to 12 carbon atons. Exanpl es of
t he al kyl group, al koxy group and cycl oal kyl group are the sane as
t hose enunerated for R31. Exanpl es of the above 28

15 The trifunctional to tetrafunctional polymerizable monomers
are preferably a combination of polymerizable monomers of
the above formula (3) in which “h” is 3. Specific examples
of the bifunctional polymerizable monomer include
2,2-bis[4-acryloxy(polyethoxy)phenyllpropane (({atb) is 4),

20 2,2-bis([4d-acryloxy({polyethoxy)phenyl]propane ((at+b) is 10),
2,2-bis[4-methacryloxy(polyethoxy)phenyl]lpropane {{a+b)
is 10), 2,2-bis[4-methacryloxy(polyethoxy)phenyl]propane
((a+b) is 20), tetraethylene glycol diacrylate, polyethylene
glycol diacrylate (the average number (e+f) of recurring

25 ethyleneoxy groups is 9, average molecular weight is 508),
polyethylene glycol diacrylate (the average number (e+f) of
recurring ethyleneoxy groups is 9, average molecular weight
is 536) and polyethylene glycol dimethacrylate (the average
number (e+f) of recurring ethyleneoxy groups is 14, average

30 molecular weight is 736). Examples of the trifunctional to

tetrafunctional polymerizable monomer include



aryl group include phenyl group, 1-naphthyl group and 2-napht hyl

. group. Exanples of the heteroaryl group include thienyl group, furyl
group, pyrrolinyl group, pyridyl group, benzothienyl group,

benzof uranyl group and benzopyrrolinyl 5 group. Preferred exanples of
the am no group include am no group, net%glanino group, dimethylam no
group, ethylam no group, diethylam no group, phenylam no group and

di phenyl am nior grietipyl Frefevded exanptiescoflihe. above heterocyclic
group 10 having a ri r nitrogen atomand directly bpnded a
benzene ring bondéﬁjg%“gﬁgqﬁﬁiP@GER%EFBHPFhEPﬁSEqﬁDF8ﬂ8¥Fﬁglﬁpd%%?jje
pi peridi no g5 eePenPYIhebhei oyl cghpupsepi PRE aZbHGe gpOUPfunctional

N- et hyl pi perazi no group and i ndol i nyl ro%g. Further, the
het er ocycl i Pt GUPL Ha5P %VEO%ﬂm%¥%y?n%réhﬁ) BOTREAHPAC t PR EH ot e

atoms assa SuRstihfMePy1 i @nshBxadPl 250 rdiRniuls ulsieihcl BEUTS @Yt s
al kyl group such as nethyl" group. Preferred exanples of the ,
het er ocycl i cOgreeme HawitRE 2 Substs takaite il wfgenctional polymerizable

2, 6-di met hylrﬁ@l{cprh%% N0 1 DUBhe ) Lo 1MRE A RIREF i AP Fr AN 2l
2,2, 6,6-tetranethyl piperidino group. Preferred exanpl es of’
t he above alkytlbaddorid) gr vgpoinekctdenadepglvarsupahag BehYNea oMY

gr oup. 3&3@&{@%&?{@'@&9& %ﬁ%ﬁ@%{@ KOXNGRL RPN |+ 1 QiR ve

i ncl ude netﬁg}yc rbony oup and ‘et’hoxycarbonyl group. 25Exanpl es of
t he abolé hatepenuationenat | releyriduordne atcorgmestd .or iThe avvhenbrofite

atom and i odi he atom. The abo o] i a

ar al kyl g:od%nﬁﬁe$$ﬁf%p?%}lﬁpg T Eﬁgg?g%:$g%¢% %r¥§d£§§g%§ %% g%yFﬁg

ar al kyl gr ougnétic) achey ot 2y 1 stz ajohe mdredndepts gneippe30 to 30 parts
henyl propyl. group, enyl hutyl oup_and ,napht.hyl pet hyl group.. .

e above ar3 s 8up T 5o rara ab iy S 7S 1 280 e RGP oS sona

carbon at onsso Ryd f 2860 € xasmbesrof atdie(apy| cige oupnoehadeonphenyl

group, 1l-naphthyl group. and 2-naphthyl group. 29 The above
aryloxyléroﬁpi¥@%ﬁ%ﬁ%ﬁ%ﬁn@O%ﬁm%gy%%x§0§r %gt%aQYn@a%Sto 14 carbon

atoms. Preferred gxamlase afoddle esviany &F ot i pel yelen@hpRRXy group,
1- napht hoxy group and 2- napt hoxy group. 51 to 13 hydrogen at ons,

parti cul arl PorEieibgala renaneyer byeke a¢ okdadn’ P heahtdnay i B2 ng

such as ben SR c BRBREhalieRe, Fd ggeﬁftl her 8 A ky by Qb rdiifre,
aryl group and aryl oxy group may be substitufed by the above hydroxyl

group, al kylcgroupptisiadatepsigyoupndeyied dauwan adr sulpl gkl lenpe Grious -
10 am ng,gro .ef, |.i hayl i i
and i 120t 1 IR FAEd e LB n s B a B oo M IRICEE BT AT
cyano group,when ro ggodipsodor hyyeyrosipfotiyeld oxycar bonyl group,
al kyl car bonyl group, al koxycarbonyl group or hal ogen atom 15The
above al kylthio group is preferably an alkylthio

(Ib) Monofunctional polymerizable monomer having one

(meth)acrylic group in one molecule
25 The photochromic curable composition of the present
invention may comprise (Ib) a monofunctional polymerizable
monomer having one (meth)acrylic group in one molecule in
addition to the above polyfunctional polymerizable monomers
{(Ia). This monofunctional polymerizable monomer (Ib) is not
30 particularly limited and a known compound, especially a
compound which is used in plastic lenses may be
advantageously used.
The preferred monofunctional polymerizable monomer is

represented by the following formula (4).



group having 1 to 6 carbon atons. Preferred exanples of the alkylthio
. group include nethylthio group, ethylthio group, n-propylthio group,

i sopropylthio group, n-butylthio group, sec-butylthio group,
tert-butylthio group, n-pentylthio 20 gr AP and n-hexyl thi o group.
The al kyl enedi oxy group formed by bondin% two adj acent R31's together
is preferably an al kyl enedi oxy group having 1 to 8 carbon atons.
Preferred exanpl es of the al kyl enedi oxy group include nethyl enedi oxy
group and et hyl enedi oxy group. 25Wen "p" is 2 to 4, R31's may be the
sanme or different. (group R32) In the above formula (6), "qg"
is an integer of 0 to 4,14and 25|s a hydr oxyis group, al kyl group,

hal oal kyl group, 30 cx_ oalﬁg roup, ya kox gr anlngzgfoup
het er ocyclic grou 681 at 0m an rectly
bonded to a benzene rrng onded to thelnrtrogen &tom cyano group,
nitro group, fornyl group, hydroxycarbon 1, aroup, al kyl'carbonyl
group, alkoxycarbdﬁygi GRRVH ' BO ansl Ry IFDRACAry

group, aeyl Xy, NP1} Igyﬂl%@fe Oé'POmEéfﬁniﬂxﬁétH{rlt@Eé@ groups are
t he sane as those enunerated "q" EBZ S may
be the sane or di fff erignt hﬁir(cg?rﬂiup@%@ldﬁd RB@}IP haVlng Lrta RE Ry

formula (6),, d a g o
hydr oxyl group, é%%%&uaﬁ_%Q%ﬂgiﬂ ggﬁgoﬁg%l?ycfg PE? gg?@%uiﬂhenyl

al koxy grouppxanvndugﬂompy 00 hevenotyud iseibgtaip teal bygaa a1 agl rerdar
i trogen atomang, di Leckt . handed (L AnaLBAeRe, rdPG.BOS 1Ayt 8P nay

ni trogen at cﬁ%no group, ro group
hydr oxytar bary hgxmnmStaJﬂqdamrki}omy)l adkgupgralikokggangohyto gt ®@umrbon

hal ogen at om aralk | group or aryloxy group. Exanples 15
of these groﬂpﬁn%neiﬁﬁgf 'ﬁ%y§s¥¥% e enunerated for R3L. R33

and R34 may be bOﬂﬂ&ﬂmb@@&hh&t1b®aﬂ0p6&ymbﬁgzbb@etﬁ@mombffrdﬁHESHﬁmmm
atom of an i ndene ring. nﬁi f Ihe rin |ncI de .an aIrphatrc
FobRTH

ring havi ng ¥ tt&280e ORGPy NEANGS ob tHiFtF ©

by condensi ngr ap1akonell ﬁaeﬂnglcrhgfﬁréﬁtoﬂratueeunetxer@l@hﬂg t Hd@fore,
aliphatic ring, a hetero ring having 3 to 20 atoms constituting the

ring, ahd a YihgWhich faFesd (CERBReFRbEsdn pot e Pt GrePaat
condensi ng iibelgfn%@:iiébié N X mF orpféﬁemseyo ¥ing § o the det oY is

ring. Prefe exanpl es thereof are given bel ow. I'n the rings
shown bel ow,0 itto s%ﬁ)ulétﬁcbe hitler 5% 00dt® hat - t He tddr Béh F&t@ﬁ@‘éﬁr@é@nt ed

by Z and sr %%% west position corresponds to the carbon
at om bonded *t e group 3 and the group R34. 31 000
Specific examples of the monofunctional polymerizable

20 monomer (Ib) which can be particulaily advantageously used
include methoxydiethylene glycol methacrylate,
methoxytetraethylene glycol methacrylate,
methoxypolyethylene glycol methacrylate (the average number
(i+9) of recurring ethyleneoxy groups is 9, averagemolecular

25 weight is 468), methoxypolyethylene glycol methacrylate (the
average number (i+j) of recurring ethyleneoxy groups is 23,
average molecular weight is 1068), isostearyl methacrylate,
isobornyl methacrylate, phenoxyethylene glycol
methacrylate, phenoxyethyl acrylate, phenoxydiethylene

30 glycol acrylate, phenoxypolyethylene glycol acrylate (the
average number (i+]j) of recurring ethyleneoxy groups is 6,

average molecular weight is 412), naphthoxyethylene glycol



(groups R35 and R36) In the above formula (6), R35 and R36 are each

. independently a group represented by the following formula (7), a
group represented by the followng fornula (8), aryl 5 group,

het eroaryl group or al kyl group. C=cHy-R37( 7 ) R38 tc-=c( 8 )

R37 in the above fornmula (7) is an aryl oup or a 10 heteroaryl
group. Exanples of the aryl group are the sane as those enunerated
for R31. Theaabpvetbet esoatyhrgtoaprivdapeef ésabbynglheteybakyl and?2
group having 4 tp 12 carbon ataqns. eferr exanpl of the .
et oroaryl | F BUBTRRERGIE ATHGAHE -or BB E SrR Y DAoL By PPSIEy Daving
group, pyri dyhe grfeiph) Henzdibi gayhpgiaupnebgozetulanybhygbeupsaddin
benzopyrrolinyl group. 51 to 7 hydrogen atons, particularly
preferably 1°¢PH R HPRgRh BYBNBT of°fRe above heteroaryl group may be

substituged by an @lkyledr aubtRaH MEhdf iRc6i 624 POB 1 §HRIE 2 28l kOXYnomer
group having 1 to 6 carbon atons, cycloal kyl group having 3 to 8

carbon at onsh®¥inal Gtfen(Matdhha ORI 98 Cthy-@r 698 at BFYL a1 KSR L T ued

or hal ogen a{. o, Exal Keiff ddienfl KYis)9raYPLaNdsEAELA3E 88N e B K &
the sanme as those enunerated for R31. "m i's an integer of 1 to 3.

"m is prefarapfunctieontt heoyyeepbdrablef mehenaequeBreFeRtef PHethaw

material.  pove formula (4).

R18
Hzcz([)—%—O—“R19—Si(R2°)k(R21)| (5)
10 O
in the above formula, R'® is a hydrogen atom or a methyl
group.
R' is an alkylene group having 1 to 10 carbon atoms,
R? is an alkoxy group having 1 to 6 carbon atoms, and R*
15 is an alkyl group having 1 to 6 carbon atoms. “k” is an integer
of 1 to 3, “1” is an integer of 0 to 2, and (k+1) is 3.
Examples of the alkylene group having 1 to 10 carbon
atoms include ethylene group, propylene group and butylene
group, examples of the alkoxy group having 1 to 6 carbon atoms
20 include methoxy group, ethoxy group and propoxy group, and
examples of the alkyl group having 1 to € carbon atoms include
methyl group, ethyl group and propyl group.
Specific examples of the polymerizable monomer
represented by the above formula (5) which may be
25 advantageously used include y-methacryloyloxypropyl
trimethoxysilane, y-methacryloyloxypropyl triethoxysilane,
y-methacryloyloxypropylmethyl dimethoxysilane,
y-acryloyloxypropyl trimethoxysilane, y-acryloyloxypropyl
triethoxysilane and y-acryloyloxypropylmethyl

30 dimethoxysilane. In the present invention, polymerizable
monomers having one (meth)acrylic group in one molecule may

be used alone or in combination of two or more.



15Preferred exanples of the group represented by the above formul a

- (7) include phenyl -ethenyl group,

(4- (N, N-di net hyl am no) phenyl) - et henyl group,

(4- nor phol i nophenyl) - et henyl group, (4- plgeridinophenyl)-ethenyl
group, 20(4-net hoxyphenyl) - et henyl group, (2- met hoxypheny1l) - et henyl
group, phenyl -1 -nmet hyl et henyl group,

(4- et h?zymenl\}yé) duﬁhrec}sf]y&méél@nycbn@fmu@tmmnyﬂaelyménbmmdaemg:homers
group, i met am np n 1-fl uor oet hen rou 5

g ohP eyt oLt e pabinel P aRof kiR r L ERhE, REENeH 8 A8 above

2- (N- et hyl )Pchrﬁ@ié nydy ethepyl cgr pypg ZIabemZthshs' emd -Féf heayd @reedyl
2- benzof ur anyl - et henyl group and (N- et hyl )i ndol yI - ethenyl grou

In the aboveglrwmrameapfuwgllosla&npaiwe@%éalal%rm%%e% 5RpyaPOve

group like R3Lrnals {5) & iyHegerefid atrP a?ikylrénel gBuef aeabhy 1 £s0m
the viewpoint of the acquisition ease of the raw materi al.

Preferred exampbes a@fOITtSheR grménr@&@%ﬁﬁéépwwlﬁ@ L6V CRERM AL PBg -

i nclude phenyl 4 [%ihml 33 41% MMy QalaRPheRls) are
-et hynyl group, (4-norp o 8bh nyl)-et hynyl group,
(4- plperldinmpaéayablgthyﬂQIbgc@upe thentenpryphengliiepengdaptegpsdup,

4- hyl phenyl) - et h
5 e LS 5 Bl BB L DXL S

( N- met hyb) pyuzm@lpmyttocﬂtxhgmwd: cg]faiwp)g Z-shenz etridl @yl hetrdyagbtgtaver can

Rl o O Lo O SR A 2 LR L DURL 2 SN O P

repr esent ed @yy&e@ymdeﬂ@@cﬁyeathg gagelagltbosgleﬁenanat ed for R37
and R39. R35 and R36 may be bonded together to form an
al i phati c hydmsddyassy ke o eaRinat t 6L ORsT %ing together with

15 the carbon at omongesd thigfetchal polymefrLiAl ednexaipl(es)ointiiee
allphatlc hydr ocar bon ring inc| ude a&%nantane ring, bicycl ononane
ring andSnorRFReRrPRhg, Curable compopipieRrel Exanprescf ipgention

aromati c hydrocarbaon, ﬁh@go%@ hHHéHg@nfBé@ﬁé‘é}? t'}ﬂenﬁhotochroﬁidfﬁﬁ@ilng
one, preferably both of e groups R35 and R36 are preferably

groups or hetayoargid gFrh:ﬂJrBBaJﬁCh C(ﬂacierlatY@rplaﬁduEéee?(@EPFEn@urabl11%/3/ of
phot ochrom ¢.,pLOP&LLeS: llg%j%ﬁgar PLicdl I@ast n?{)&'[ih ) f48f 21 ab) &l;?rﬁ’éﬂ?éble

R35 and R36 "are each part 25 prefera any one ‘of
fol | owi ng groupsnéTs imclmd? 7©iyoa190 peotp by heser oar fhegrbape

having gg al k B S‘i £¥1 9LBYR ﬁénémé!c‘?sr(gwg@&rléhbieary'

group o hete y?cgroup g an“amno gro tuent
monomex compOSLtlon) {Ia) and O to 30 parts by mass of the

above monofunctional polymerizable monomer {(Ib) as described
above. To produce the effect of the above monofunctional
polymerizable monomer (Ib) more while the influence upon
25 photochromic properties of temperature is suppressed and
scratch resistance is retained when the hard coat layer is
formed, preferably, the total content of the polyfunctional
polymerizable monomers (Ia) and the content of the above
monofunctional polymerizable monomer (Ib) are set to 85 to
30 99 parts by mass and 1 to 15 parts by mass, respectively.
More preferably, the total content of the polyfunctional
polymerizable monomers (Ia) and the content of the above
monofunctional polymerizable monomer (Ib) are set to 90 to

99 parts by mass and 1 to 10 parts by mass, respectively.



30(iii) aryl group or heteroaryl group having a ring nenber nitrogen"
. atom and a heterocyclic group bonded to the aryl group or heteroaryl
group by the nitrogen atomas a substituent, and (iv) aryl group or
het eroaryl group having a condensation 34 heterocyclic group having
an aromati c hydrocarbon ring or aronatidz%eterocyclic ring condensed
to the heterocyclic group in (iii) as a substituent. The substitution
positior of the subsikistudampttiion tibesbbaeyghegraypsive) ¢O {he )nungaotof
particularly limted, and the nunber of substituents is not.limted.
o or oduce. ST &t HHOMSHRETICL L SHa evid (HE SUBLRT (15 diptesor
position is yHefarmply tdheod pasitd Dnedrit hend- pesil) oarywhen the aryl
group is a phenyl group. The nunber of substituents is 10 preferably
1 to 2. PrefRlraReebdiipteiStonHe® aryl group include 4-net hyl pheny
group, 4snethoxyphenyl group, 3,4-dinethoxyphenyl group,

4-n- propoxyphenyl group, 4-(N, N-di net hyl am no) phenyl group,

4- (N, N- di et hyluHSI0)h i e grafupie R Aoy IN N P ARG AUYRDFh &y moles

group, 4-noryhald henyl oup, 4-piperidinophenyl group,
3-(N,N—dinethy?gﬁﬂﬂg)pﬁﬁﬁyghgroup and

4;]( 2, 6£)di met hyl pi ger itéienpyphenyl 1grenpioThetbabrunper | oh ke ivh tére
the substit t, ' t I]gpﬂgp i i I

particul arl &%ﬁhﬁl({}é}dﬂ%aﬁgopﬁeaq{lcﬁ%érn 0 suggﬁc%luetesﬁ?g t:ﬁ)se %%%gﬁéﬁigtreo&p
The nunbér aforttieeirtest émoahyl (gebbpsciylprepel ahtylabPe gi@romegs must

I f . th t ryl. o i ncl ude, 4- [ (] -
N e e

4-(N,N—dietmﬂmmﬁﬂubﬂlMQMegﬂdﬁﬂthngéﬁH#&ﬁyﬁ&nn@Eqﬂpuﬁxiﬁtﬁnﬁ o oluips
- (N K- i ot AR b AT GRbD 0 LT P DOt B Gre
conpound) O#theohumte rabavacpket eehtpal sceompeugdsup ¢ hriren e heo mmibeds
repr esez[lg ed obfy mi[ohleesf %lfl %Vl\gen%lgt%raq:urlyalsicargeropl{pefaegc{ E‘\cq{e n%?nber of moles
of the acrylic group satisfy the above range, the obtained
cured product exhibits excellent photochromic propexrties and
further excellent adhesion and scratch resistance when a hard
coat layer is formed on the cured product. To produce this
20 effect more, the number of moles of the methacrylic group
existent in the (meth)acrylic polymerizable monomers is
preferably 3.5 to 6.5 times, more preferably 4 to 6 times
the number of moles of the acrylic group.
A photochromic curable compesition obtained by using
25 a (meth)acrylic polymerizable monomers in which the number
of moles of the methacrylic group is less than 3 times the
number of moles of the acrylic group has great temperature
dependence of photochromic properties disadvantageously.
When a hard coat layer is formed on a photochromic coating
30 layer formed from the curable composition, the scratch
resistance of the hard coat layer becomes unsatisfactory
disadvantageously. A photochromic curable composition in
which the number of moles of the methacrylic group is more

than 7 times the number of moles of the acrylic group sees



These conpounds may be used in conbination of two or nore to adjust -
. color. A photochrom c conmpound other than 5 these nmay be m xed and
used. (content of photochrom ¢ conpound) In the photochromc
curabl e conposition of the present invention, the content of the

phot ochroni ¢ conmpound is 0.01 36 to 20 parts by mass based on 100
parts by mass of the total of the above (nmeth) acrylic polynerizable
monorers. \Whate tdiet sondentids ¢ oviotdanr&ndd peaspe byiemssycled orslow
optical density may becone unsatisfactory an n the content is

dg' BuFen

hi gher than BN FRE DY LIRS 2RSS OChr ESrpoTheS har g ween

di ssol ves i n{die KBS dn ey e | EopOlNGeT hgabl ormBaMErsm Yher ehyasdior
optical density may becone_nonuniform Fromthe viewpoint of an

effect, the GUMREHLEPN 3R fHGt HEKFORPE LcbAYBENE TIPTF ettt SE - Y
to 10 pagts J%%ﬁ"%ﬁ% rRanhiccuhatl y JH&fakln d@ el beodlcRani®iRY an

mass. en the photochrom ¢ curable conposition of the present
i nvention i sxsedlent 2EbaEt nepmeeerbal obbrinpti ehFadateEfaPuAY eh

w || be described i.naf faent, of 5%5% Aot Qe cr vl 4
conmpound is pref er%;\lla j%gfec#k%g accoerefc]iong IItlo the thickness o?‘r% o
phot ochr oni cymmat iang ftagenumbebeof gradezks Fothexaapléict heowp et it

t he phot ochr.om.c coppound i s. {ngcr i aLing.layer
and reduced 1o t]?t%)er n{%‘%&h’ﬁ%‘ﬁ%ﬁ‘?i?ﬁ‘gff’g%%%gﬁg?‘%%bﬁ%ﬁ?ngéﬁtb%ossi bl e
to obtailn a cuidwldteedalsofobdwsal HersHid porSteiesd. Morasl 120 the number

specifically,_it is parti.cularl referred that content _of.t

hot ochr o ST AR I d Pt 6 56 FEtd et s TPty fg etes
coating | ayesr had R ray ik efvess aek dhest ¢8lpulanddObi tioe Squardwsiiy
mass to forma coat |ayer having a thickness of about 50 pm 25A
description r‘?@stl"éfiﬁ:rsequentIy gi ven of other conponents used in the

phot ochr om Gy, GEab| & GRIPOST & # Ofle Oha EPFL PE eﬁ@@&pi BVENtHESs &ot her
conponents) 30Additives such as a surfactant, an antioxidant, a .
radi cal 18caRgEre Tz te dVeRABRY shapi 1y ABethacky i vy BPePS hbsof beft ,

a rel ease aggifec @ £0104: PLOf eet [ ORSEENEE BPs aphhet 8bhE1 ageblips f)
fluorescent dye, a dye, a pignent, an aronma chem cal and a

pl asti ci zer Ny fafr kdesadietct vl ihegr@ip curdlbinessonpast hvmgr ifahlre

present inveptlgn | f—'oﬁlgr@) dur apid idds Qluidle weight
phot ochr om ﬁﬂo&n%o%n%ﬁ% oér&a%% %rre t speed, fading uspeedwealngcjzl ) x
nol dabi |i ty. (numbesr ext riepel jupreierakdyroupst} a pol ynerization

initi atl% which 5 I, be descri bed .herei flt er toe qur 1;tehe Lﬁrll”wa}qblne 2
corposi tPon. As t Hesd KA e ST B Hirded, - FHowic Lohpotinde ey Be
used w t houtplnestiIritct bdmordndorigh raldseasdriiepodpinoniicabhd meatang

When a mixture of the (meth)acrylic polymerizable monomers
is used, the above molecular weight is the average molecular
weight of the mixture. For example, when a mixture of the
25 polyfunctional polymerizable monomers represented by the
above formula (1) is used, the molecular weight is obtained
from the average value of (a+b}. The ratio of the number
of moles of the methacrylic group and the number of moles
of the acrylic group existent in the (meth)acrylic
30 polymerizable monomers can be obtained by dividing the
calculated number of mecles of the methacrylic group by the
calculated number of moles of the acrylic group.
As a matter of course, when the (meth}acrylic

polymerizable monomers consist of only the above



surfactants nay be used as the surfactant, a nonionic 10 surfactant’

. 1s preferably used fromthe viewpoint of solubility in the

pol yneri zabl e nononers. Exanples of the nonionic surfactant which can
be advant ageously used include sorbitan fatty acid esters,

pol yet hyl ene glycol fatty acid esters antP pol yoxyet hyl ene al kyl
ethers. A mxture of two 15 or nore surfactants may be used. In this
case, the taidlyfontendnal pdieymsarf sz batsohengr ef €fab) ytide hundo@0 of

parts by nass based_on 100 parts by mass of the pol rizabl e none
CONposi t | on.m%sesttféfafn?e?&ﬁ Y e iR AN cg%eﬁé’g%eﬁhoe%ﬂ?@es i
ul traviol et giahkidiyZeic ageblihes ¥ avi ol €t Bbses bentinaaydea br ef er abl y
used hindered am ne light stabilizers, hindered ghenol anti oxi dant s,

phenol - based T aival Zaleks dRfeRIRsr T ut et L BaRR daht bkt gdnpgsed on the

benzot ri gzol gsdas edycormonnds yapg, henrzaphenane-thased GRSz aviihese
antioxi dants, 25 radical scavengers, ultraviolet stabiljzers and

ul travi ol et meEBIHentE hels roriseknedy condi PaTPoh of TacBrohoFls
Further, befor at&eyg{? ggggglme%mw@ek%&ﬁ%@% aargyﬁzcagcxt&ﬂ;t

and an anti oxi dant, _ scavenger, an ultraviolet stabiliZzer or
an ul travi olemntadswdam tigyrbéylivedtiangd pohvinast rahle|moneners e

t he content of i ﬂﬁp}_ i r

ul traviol et tgleaﬁhq}cgfeﬁrﬂcgﬁ e Lﬁé%%%%%ﬁ%%gfg%ﬁgfi Eéhgf)l?g ek?%bl y

0. 001 t»020 qedrdisldiyedmss based on 100 parts by nmass of the total of
the (meth)acrylic _po]ynerizabl e .nononers. . t he above
stabilizers, hi ndét éit?ysacrﬁﬁ?écﬁqnghjts sta Sﬁquzeen?cg%r%l‘ﬁes%%ﬁ 'en t he
curabl e compesitdairaiid heofqs@sednt i nvention is used as a coating
material fromthe viewpoint of preventing the deterioration of the 5
phot ochrom ¢ conmpound when the curable conposition is cured or

i mprovi ng t hg duaddddhr@ii@ eanigshid oduct thereof. Known conpounds
may be used without restriction as the hindered am ne |i

[ I ght .
stabiliZer. Wen fhECBEPEBAe"REFP SIS & RERECSETgMeGat figh--on can

material, coPouds it Kh@sciaddi € Wahidyuld f edtdry &sididike
prevention of the deterioration of the photochrom c conpound i ncl ude

bi s(1, 2, 2, 6 hPafiaiRitiy ROARIYRES @Yrhsebabatl ¢l aaFame Wittastigpmnene
LA-52, LA Gt%ﬁrrlp%u?n? A0 4458208k 248K GREPIRAL | O Wk 1t RhSwRASEd. of

content of e ‘hindered amne light 15 stiabilizer is preferably 0.001
to 20 parts Hey uresh dyasdte ar a0t pairecyiomss Aot tiiee abwtval ol aliele
(et h) agpy! G ROITRY L8a0L R TR ol EUhBELY NS L Al ien
conposiTion ©f ‘the present Tnvention is used asS a coating naterial,
t he cont ent aofe trhelehkndenedy dis e, &P | €28, 2B RA 801 €&, iUsS Bor, 63, 50y

0, L,1,10,Pae JAaraite AL LR EIERY D 80,40 parts by
used as a coati ngCzaipeningls, whikihnderednphégofoandiloxitdantinwersieos of
partiCU|arl%ﬁﬁgﬁLﬁg;gﬂelfﬁ¥g%g{égn§§méompounds having excellent
25 photochromic properties such as compounds disclosed by JP-A
2001-114775, Jp-A 2001-031670, JP-A 2001-011067, JP-A
2001-011066, JP-A 2000-347346, JP-A 2000-344762, JP-A
2000-344761, JP-A 2000-327676, JP-A 2000-327675, JP-A
2000-256347, JP-A 2000-229%76, JP-A 2000-229975, JP-A
30 2000-229974, JP-A 2000-229%73, 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.



25 viewpoint of inproving the durability of a cured product. Known
- conpounds may be used without restriction as the hindered phenol
anti oxi dant. Wen the curable conposition is used as a coating
mat eri al, conmpounds which are particularl% effective in the
prevention of the 30 deterioration of t hé phot ochrom ¢ conpound
i ncl ude | RGANOX245
(et hyl enebi s( oxyetbiyt eng) bhsfd, SphetdcbubtpicdehydooxgsntidbaybEpdopiyon
ate]), | RGANOX ct y1-3-(3,5-di- - y1-.4- hydr oxyphenyl )
39 propionat@90i2é8§%%AN@g$§0%é§(égﬁtﬁgpyb%%%fgggtépﬁaW¥¥ %?— (3,
5-di-tert-bUéabaﬂtQ%ébgéyph@@aa) wopicate sk phoCobarSpeei abiyounds,
Chemcals Inc. Inthis case, the content of the coppound i
preferably 0SBDaNepe2h2pgft BN CRRESTHSs EAMBOYRIB0H2ESr t14IB¢ Tmass of
the totals of ythep{ Mt h) aer phbeobRk¥RBE pabbemeRaMR LS Whaert he
curabl e conposition is used as a_coating material, the content is,
pref erabl y 0Photechpopift GO wRGS aNFoREChrasEe dFiRL OV 4t CP8 OpapR &1 6§t
mass. The ph i Eg frt ;
mvent i on e Eomoy | 2o anorher Dol et Fob e cramiey ERePPErass Py otk
t he above popyésecti bnuenpopypnthirabkbeorbAEPSHEPA) CafempRENdS .
nonof uncti o ri e n n
characteris??%eggé%ggfiégggrgggogg?%%g%?égig{%g gggggﬁggggggﬁgeﬁfegf
t he ot haio pol yneriabtleeds ownonérthesdOchaprhnsnerbhesd phichasbrbmsed
on 100 parts_by mass_of the total of the ve ( h |

TRfner e, ofEootne ~Bors neptoan by REkotar fulfip formale

pol yneri zabl &° VRErrZabl @ FONOMWer

exanpl e, a pobyren abi el e dldwy ageal veny Iphgitawb.r dbianpteseoties
t he pol yneri zabl e nononer containin vin r i nclude 20,
styrene, a-nh?h??%t??%ﬂénﬁﬁdcﬁyﬁatH§P§P§%eﬁbegiﬁEEY FhEs85ESnPBunds
contai ni ng acMhpyhaBieHpwiey bBeuUsBEval QRethn akRytoEbpbat/meniakbleo
or nore. A description is subsequently given of the ne

hod of
prepari g t HBOPPBEHE hr FrHCE R bt € i3 Ardicede %@V%’F esgntormed
invention, the aetbhedsofrd@ndt NGomp£Ls g PEREUESMBHEnSEeBfe bRt 418
product. (preparation nmethod, cured product form ng nmethod and use
t her eof ) 30THee phot bewidai ECEURABI é5tonpBSi PPEA1LBEA: RELHFadentticle
i nvention can, e, prepaLedi1ERE BX8IBLAroRY WBi-aBERY i BEedabenaknadyn
anounts of conponents and m xi ng themtogether. The order of adding
t he conponemdhésipotbpavetrutl Ihand wasdd laner are EbfponsatdspPhegude
added a&otheaﬁgnﬁi ﬁHECra?QhO ggg¥aégg (meth)acrylic polynerizable
nononer § ‘'may be prem Xéd toge Rer and then the phot ochrom ¢ conpound
and other additives nmayhe added to and m xed with the resulting
m xture rightR*hefore\pol'ynmsri zation as will be described 5
hereinafter. As W I /betdescribed hereinafter, it is also preferred
to further add a pety i.zatkon initiator for polynerization as
required. hr @ }@scurable ésnposition of the present
i nvention preferably i SgOsity at 268Jof 20 to 500

In the above formula (6), “p” is an integer of 0 to

4, R* is a hydroxyl group, alkyl group, halealkyl group,

25 cycloalkyl group, alkoxy group, aminc group, heterocyclic
group having a ring member nitrogen atom and directly bonded

to a benzene ring bonded to the nitrogen atom, cyano group,

nitro group, formyl group, hydroxycarbonyl group,



10' cp. This viscosity is preferred when the photochrom c curable -

. conposition is used as a coating gent for an optical material, nore
preferably 50 to 300 cp, particularly preferably 60 to 200 cp. Wthin
this viscosity range, the thickness of the 15 coating |ayer which

wi || be described hereinafter can be eas??y adjusted to 10 to 100 pm
and satisfactory photochrom c properties can be obtained. To
obtai n a phoi Dejir eaisotyl edrpupdual kbyycarbogylhgrphpt obhiongkn atom,
curabl e conpositjon of the present invention, 20 a kno :

pol yneri zat iwmﬂa&%\j By ﬁﬁﬁl%%da’é%i%ﬂﬁigﬁé’upoa%@%&&“&g]f%lép'
pol ymer i zabl g, aoners 4 A sugeto Po) R itzat ban acehti RtY BgmE®aps bonded
i nclude use of a radical polynerization jnitiator such as pergxide or
azo conmpoundtCIRENBPHAG ERLTORAL L KNt FRA GPEY IERNPaPRBANTal iy S IR
or' 25 yxray,rQfsa conbination thereof. A known radi ca

pol ynmeri zation i nitiator maybe used. Typical exanples of a_thernal

pol yneri zati on i nithatarovaci el dvaeyP perbkefesaiBlen2asabbkzofroup
per oxi de, pa&%?ﬁ@%%%"c S 48nsdecppayk rPeraXt 1 4 8WOYhe3M ky1
per oxi de and acetyl peroxide; peroxy esters such as t-butyl

per oxy- 2- et hyt drax ahoal edle tmethyl peroxydi eahBbnareuPreuRyPrpeydxgroup,

neodecanate and f - y oxy o) r P 1, t chy @8 _put
di i sopropyl %%ﬁ%ép %é#%ﬁﬁ%té,b§?9§-€%ﬁ§?h§%§f pe oxggfggfg%nate and
di - sec- hot ylgrddp pen-oxgcaybogatep and azbezwphpounds.-such as

2,2' -azobi si sobutytonitrile, 2' -azobi s(4-di met hykv nj ty ]

2 5 asoni (- et DT T Fa] AR Rt AT AALSTIN il Sy
1, 1' - azobi s(gyehehexainey | T aay Boriatbidne htoms whichén sheseitheeduby a
pol ymerization injtiators are used, the anmount thereof differs
according t %Rﬁﬁ&ﬁﬁi%%??oncg%ﬂﬁ???oﬂg?mtﬂﬁ $§B@18? ?kgmrniﬁ#%ﬁ%ﬁFed
and the typesxansh conppsihéonsiehlkPe gobypeihzabtie spnemebsomadhyl
cannot be 10 limted unconditional|ly. It i referab#yé0.0l to 10

IS
parts by nasErHERedINCADDUPEPESIBY HRSYP of Cﬁ%@r’fﬂa?a f IERBP/

pol ymer i Zabl@M@f@é@uw\h@fo@ﬁ%mrb@@&lw@f.h;@b{;@oﬁﬁnomr is used,
this polynerizable nononmer i s included). The above thermal
pol yneri zati on i nithagdoyenaycbeahiyd arowe o Pirefesabdnbrrat¢brpbry L

two or rnore. ha¥iery Bheo GHabkencorpas! tidn.: # S ROY %&dgq%% BY¥ the

exposureixa%ﬁ?%%V|olet radiation, it is preferred to use
phot opol ynerdyalt dahky higricaoineliete sy cBerzopyl Heapi § YISOyt vt fiepup,

4o i R orSEerOaENeRond S0 eha, S AREERENGe .

2- hydr oxy- 2- met hy|PHe plierwd pridpery bromwe, ibepzyfemebhyl akeabkoxy group
L oon LD T UGBl DY ) .t e o1 o
bi s( 2, 6- di ne}hexyierzaylk Redhbxtr retby | etienty lgpeagphhAprogbde, group,
b1 o2 8,0 L e ez gl Pl pRoSPIL OGO, 88 by group and
2- benzy}s2- di st hyh @k Pogdog@: mor phol i nophenyl) - but anone 30- 1.

When t hese phot opol ynerization initiators are used,, K the anount
thereof is preferdil§y BVE FBL TP PRIV HIR RS DR ¥R 190 HardsOHr

mass of the tatalon@hhenpabysesizal § fOnoners Jhenganabherexamples
pol ymeri zabl e nononer “i s used, this . _

of the substituent of the secondary or tertiary aminoc group

include an alkyl group having 1 to 6 carbon atoms, an alkoxy

30 group having 1 to 6 carbon atoms, a cycloalkyl group having

3 to 8 carbon atoms, an aryl group having 6 to 14 carbon atoms

and a heteroaryl group having 4 to 12 carbon atoms. Examples

of the alkyl group, alkoxy group and cycloalkyl group are

the same as those enumerated for R¥. Examples of the above



42 polymeri zabl e nononer is included). The above photopol yneri zation
initiators may be used alone or in conbination. The above thernal

pol yneri zation initiator nay be used in conbination with the

phot opol yneri zation 5 initiator. As the particularly preferred
met hod for obtaining a cured product froffthe phot ochrom ¢ curabl e
conposi tion of the present invention, the photochronmic curable
conposi tion Hfyt r@@lﬁﬁsﬂzﬁl&lucﬂl&eﬁhéﬂpl cgapupsi Ngnkprtaboverdlp and
phot opol yneri zation initiator is ex osed tnghﬁraV|ole radlatjonl 9
be cured and TRERMERY hEHBWP -as EFEHE; F@dof6: Lef@ays group 1nclude

pol yneri zat i:gfh e fle;%)a rf@@yifga:dqﬂﬁtggbfemmyw@ﬂ;e, 99@‘&@§'lltgﬂfh59,f

the present invention t ough exposure to uItraV|oIet radi ation,
known |ight kRengeidsiemyl BB Qybd DRnAedirargdt Bretpornd éa@anﬁ%%rwfe%f@b#

- include g nges S;b' gfirr@fee&sﬁtg@e%hw@é b@r%e Al yREESS UAE1 HBE CMhidno
Iarrp, OW- sur e mEI‘CUI‘y anp, a xenon arrp, a carpnon arc, a

sterili zatl aIE PP, m%thrmlaamlMI@W@ar@lm@mmﬁétqwé?es%twqw

The 11 me of GXRGSUIE Ul pg.hieal LDk, SOLECR, TRYLHS SHbLBOLYa

det erm ned di ng e type; tT of mave e
sensitivity<iﬁph¢mykﬂnmm&>pho®mpolynerlzation initiator and the

t hi ckness of a ph rom Whe e i

the |ight source, % e]{:ort o¢ romnépjz Iageﬁp%a%&g‘éé 33?12%9& %1()%{? gﬁ%ﬁ%
a phot opol ynﬁvﬁec_t;la)rn:irrg trieartlos ;ﬁthﬁm@h 4 them pdood ottt et Ly cuoadd @ to

conposition of the presen |nve be used al one a .
Dot ochr om & RENGETE! EE38 LSRG o e ALt ERg0R Tty TBFHSRpgrrpholino
initiator, 3f-dip) Spﬂ@éﬁi@iﬂl@rtﬁyo@pﬁf}_ﬁyﬁb«byl@$ﬂﬁlagrauppapipgraznlo
mat eri al for coating a substrate such as an o ubsﬁrate

preferably &Ryl §Ee§%¥%PlQ®r%§éﬂﬁl%r?ﬂpmﬁgéhl?ﬂ% phdt o8 hPBRT ¢

curabl e conpAsithon, ofnd N PELSEPELLOVERbLEMAS HERE as alkoat hRgup43
material is described herei nunder. (use as a coating nmaterial)

Exanpl e 5of ftéﬁé‘-r%ﬂ)tl e GrEdaFRen FFRIURS Ih WP Bpt TNt 5 andbsirarkes
such as eyeglas léﬂﬁ%ﬁ&@ﬁ@h@hﬂ@@W@eﬁﬁﬂaﬁ@#%%ﬁxﬁﬁgsﬂ%BQﬂPﬁbkﬁ§lgroup.

Known eyeglass | enses 1 nclude plastic eye SS |l enses such as
(neth)acryﬁ|Rreﬁﬁmxﬁ¢mﬁﬁﬁmpkﬁﬁy@érb@ﬁab%t%@@@ﬂciégl%IOEPIbﬁvbagea

resin, thioysethaneg; e 19_ 158

thloepoxy base e5|%?€yg§ ggggl%ngegiﬁé@gnggﬁéﬁgyeg?ags@Fenses

When t he cumﬂﬂ1ﬁxmnnhyﬂplpmmrmlm©egpm@§e@md|nventlon is used as a
coating r s ] enses used for any eyegl ass
| ens buf ge‘ﬁa%l@ s %gnéatshayjc%l en%jd%rlté e %‘Psf or plastic 15

eyegl ass Ienses |3ﬁdﬁanﬂaﬂIqxampﬁegeﬂﬁytﬁawadanﬁr@kkybdéxbonyl group
resi n- based,, oI arbonate based re d res

t hi our et hane- AT L R RN a%%%yiﬁgfgo ?ﬁ?%@poxy based

resin eyegl ass | ens@sterred examples of the above alkoxycarbonyl group
include methoxycarbonyl group and ethoxycarbonyl group.
25 Examples of the above halogen atom include fluorine
atom, chlorine atom, bromine atom and iodine atom.

The above aralkyl group is preferably an aralkyl group
having 7 to 11 carbon atoms. Preferred examples of the
aralkyl group include benzyl group, phenylethyl group,

30 phenylpropyl group, phenylbutyl group and naphthylmethyl
group.

The above aryl group is preferably an aryl group having
6 to 14 carbon atoms. Preferred examples of the aryl group

include phenyl group, l-naphthyl group and 2-naphthyl group.



When the curabl e conposition of the present invention 20 is used as a
. coating material for optical substrates such as eyegl ass | enses,
preferably, the photochrom c curable conposition of the present
invention is applied to the optical substrate by spin coating, spray
coating, dip coating or dip-spin coatingz%nd then preferably cured by
exposure 25 to light or heating. More preferably, it is cured by

exposure to |ight andabhes heal edy torcagmkebee f4salpby ywreargabkonyroup
When the optical supstr is to be coated. with the curahl e

COpos &1 on A4 IES cof M CHRFER TS be A TR SRR & e
preferably nade o thegptineah@Ubskehat bRodp, alvassBthoxy groveind
t he photochrom c curabl e conposition of the present Invention is used
as a coating TRARKIAY ¥ Rurabl e conposition is applied to the
surface ¢f the abave OpGi fghrsyhat RabRAst 0p£9£ﬂbﬁl§9§§r!;5‘ﬁef@ﬁ/%l¥\h10&b
is then polynerized 44 and cured to forma photochromc |ayer. In
this case, prildnagsdo@tomy ca $het REQRFEAC FENEr eRer adF P IRRNO T e
optical sub %A% Ok BT Q¥ & g rWeLLabi LY, Afhd BeyaPLESEL and
substrate b)s/éli %rg%(}:%r aq1 g cgrrpﬁgs(??i on aﬁd t he %dhe%li on of tyhe&S ﬂ)an
opti cal substmaltaxy Exanplresy bk s@pst preteddthbhe ahwiaubgdaocshérdcalp,

treatment wt [ Iyt i an i di e
R B
at nDSphedi c-apriess yreupl, dswtee mycy oW yessorte i s Fe; iy pembaa nitrogen

di scharge treatnent . and a zon reatment. 10 These s.ar
not parti culagtrqrg/ 1% Je%e%t?l\%/y a?l%%\ie‘%re?%o%ﬂsab B he” ug%a%gogg}é%%%i Egd&t}%
i nprove t he radhesjeon ofor hecypio catosppsttate. group, fantydfgtbep,
above pretreatpents, chemcal tre nt with.a basic ueous
Soluti on i s THETE Al BT e P Fy B0 FUSERERP SR THO R GUet Todcr TR
eyegl ass | engrsibsdr alLld i£edm substrate) because it can be easily
enpl oyed. Wien the phot ochrom c_curabl e co_rrgositi on of _the presen

[

t .
i nventi & i s usedThe aRgyesef&ngthdr JUREBI 6f BERIREFPTY Hhfihe thio

optical subsfralenaRSnlol €& theBbiBM om®! hathe Ady 2 @RARDALs bP&he
optical substrate shoul’d be inpregnated with an al kaline solution. A

sodi um hydr éikie tdyue sire Wolociloaeonekhigdt Ad i GEPRY dr DX et bR <P -
sol ution is ugﬁ% & ghkabi nes b 0Pn 1 TR SRIICRDLHAY L PR: 8T tdg
hydr oxi de is refpéflatgrly g tobéo rr%gééo%yThelt:bgrat ment terr%er a%urge %nlgjy
be 25 suit aldgc-detteritiinied drrwonsielel-deionl Oiie hereicat meReRtnhtiof
the substrate | e. hut f I to 60C. The treatnent is

carri ed§§)ut ggyoq%np%ﬁle%ﬁgtq%f%tﬁgf%p TCa substrate with an al kal i ne
aqueous sol uti on Ghebylkgteyedgorutgudip dsamec oy damidiganhvd edracent
optical subsiiate is 30 inpregnated wth an alkaline aqueous .
sol ution. The t¥eat?@n efinﬁ% I%ﬁ%%r%}?vq‘ﬁf €18 %@%kfecﬁ% l(?xg( tqueoatfpnehnaivmg
condi ti ons iistpreterabhyations nure dferkdiaranpbes off eheraabdwl émddo aby
m nutes. The al kal.ine solution may be water, a mixed sol ution of

2l cohol sol R O CHHEI ToHOY L SOPULPBK Hudieos JEnkHCBTestY roue-
sol uti opg The al cgipeln hFpruse d $oasl onkr sahsphad tsecBans dRtdid I nent .
et hanol or isopropyl alcohol, or a solution prepared by adding 1 to
10 parts by mass of an organi c base such as 1-nethyl-2-pyrrolidone to
100 parts by, q{Bzf he 5 al kaline solution. After the al kaline
treatnent, the optical substrate should be rinsed with water such as
pure water, ion eXchabge ahever formdilst i (Gled "Wt drs &id idyGeser of 0 to
Prior to the f 20 f hn er 2RRLYLNGL I N8 1 kvl

phot ochr oni ?’cgbab e g%%pggfltg?%%ht%r%ﬁ%' saul%acg %%ﬁbt' he 10 op¥i T
substrate, ayudloairatlharurased kqot yasthar- Fagah goulypi mMgterocyclic
acet al - based _or_epoxy-based prine . li.e

phot ochr om AL ﬁbfxpgyaerrlc%mﬁré&le %@%@Q@p&pﬁo&? %ggt%%{%%%%y r?gondEdA\
materi al toticha bphkeak sibgtaideditichhkasitbogndesigone ¢yenalyowaip,

nitro group, formyl group, hydroxycarbonyl group,

alkylcarbonyl group, alkoxycarbonyl group, halogen atom,



20 the content of the photochrom c conpound is | ow. However, when the
. coating layer is thick, initial yellowness increases. Therefore, the
t hi ckness of the coating layer is preferably 10 to 100 pm nore
preferably 20 to 50 pm This large coating thickness can be easily
attained by setting the viscosity 25 at Qgc of the photochromc
curabl e conposition to 20 to 500 cp, preferably 50 to 300 cp, nore
preferably 60-r4Dke0Q:6hip, aryl denot heyphoetyogheapicr aukgblkdio group.
conposition of the present invention is used as a coating nateri al

for eyegl assEX@RRESS P FROPPeFEPYRY 26 abfBstalfe®T athospfenumerated
conponents 3f,foge m xed together, especially the ratio of

pol yneri zabl e mononers to ensure that, the refractive index of a cured
product of the phdirhreii éscartabléde Bonpolayi ba e omds armdst i el -
to the refractive index of an eyeglass lens. In general, the
refractive index is a%justed fo about 1.48 46 to 1.75. The optical
substrate whighotps Beenndo& 6d as described above can be used as a
phot ochrom c opti er i ner.al,l y3u it is
coated with 5 a haﬁd {Eéatéégi%%éﬁ%ir%bggfiﬁg sg?lgt %h fag% ﬁéacﬁ{ce of

t he phot ochriomiepoapiéchl y rahgdiralecaat b, ihmptiowed. group, aKkgwgroup,

coati ng natq&%gls nag Q% useg g@%Qthlr%§H{icg'%g asj&n§ co%gkg rou
material (ha %Ef)]alf"y é’entu)p’f of orm?‘]ggachéjr'd coaf(yl%yerp’ §pe0|f coUPr
exanpl eg oof Hdwes coaydhic 19r omb eidaal nd ne | titkeg Shémlner coiyt dagn agent ssnd
hard coat agents c rising a sol of sil.ican oxide, zirconi um oxide
oot §rony. ox et St DeRaco: da o den i Huited So G TR IeR 465,
conponent, anghharghS08) BUERS SgESPS | SbAPy BNgesgpni Byfebyesrbsnyyhe
mai n conponent. 15The coated photochrom c qgtlcal material is

general |y coBi@Pmidh R FRIRPEGhIEYEM DYSPRECIERRIGhed E Mon RAL IR
coating of tar@qr@ptair%aﬂkﬁug&bh@t,ea%m%m@p mpta%hbggi §réupablkamples
conposition. Simlarly, after the pretreatment of the photochromc,,
optical 1Amt 2% dtheshafrears thee staR SR hds 20D pABt BRAFBRPESBpEPEAR -
material in an al kabing gOl4LJ R 1Sk @3 032 PEUD BYEHROXI-IR AAURIUS: ¢
solution or a potassium hydroxide aqueous “sol ution, or ultrasonic

cl eani ng whiWith kdephatrbenrammie odpri daldargt singl | sxamaked of thethiang

al kal i ne sol ut i t t e | bgd e ac

25 of the opjtq%éca em%}gr%‘gﬂ%{r/@:? eﬁg‘ﬁgv%gﬁnrégﬁarrg?h%g.c%’%kéggp%??%g’ 8
hard coat agemtdérsssauied byl y kimywohiet hoel Horcexdenps g eatd mgnaiolc
forma rd coat IagerfTl ic.h V\hrecr)l t.r}le harg coaaltilatejfc irsinto behete o
f or med a TUFE T proalRF L6 e he PR B PR e TUrABT e T SrpSsi Filbh Bt
t he 30 presenind mearitricpd, ta harsdamatcdyert hanngisutfing, eatbiya htighy
adhesi on can be formed withouyt carrying out .polishin ith an .

2brasi ve, & ‘Bt TR PNt A TRT A 4E rRpher e BPEEAtIPE Y adaes ing

| ow- pr essur eyphasiciz ¢0heNGr dirgeharige hbteabnenhgalo ahdVheZeAs ring.
treatnment. As a matter of course, the adhesion 47 of the hard coat
| ayer can b&ARFIHER | FERAERS bYREFPYi FES 0¥t VERELRbOVe tiedthfentings

Processpag alihvh SeCdar tHeati e ile sucdeAsc so4 i f1efd aatd ety aatmnt

and antistatic treatnment by 5 depositing a thin filmof a netal oxide
such as Si 0ZermegEmredrignor ¥y fHhdegead 2hi BheohevVagt fPPA BEORAN

organi ¢ pol Bl eshonds to the carbon atom bonded to the group R® and

the group R*.



may be made on the surface of a cured product of the photochronic
curabl e conposition alone of the present invention, an optical

mat eri al having a coating | ayer made 10 of the curabl e conposition
(coating material) on the surface of an ggtlcal substrate, the
coating |layer or an optical article having a hard coat |ayer.
Exanpl es 15The foll owi ng exanpl es are provided for the purpose of

further illustrating the present invention but are in n be
taken as limting. Synbols and names of coapounds in

bel ow. (la functi ona 5] YIer i pnoner s two to
20 four (neth)a groups i nmol ecyl e unctio

pol yneri zabl e nor 2
BPE100: 2, 2-bi s(4- et hacryl oyl oxXypol yet hoxyphenyl ) pr opane ¥
average nunber of recurring ethyfeneoxy groups is 2.6, 25
nmol ecul ar weight is 478) BPE500: 2, 2-bis

(4- nethacryloyIoxypolyethoxyphenyl)propane (the average nunber of
recurring ethylene

pxy groups is 10, average mol ecul ar wef\ghtFis 804)
9G pol yet hyl ene~gliycol Adi net hacrylate (the average m nﬁéﬁgég ofF
. ﬁ@! 2: 36)

recurring ethyl eneo oups is 9, average, nol ecul ar
14G pol yet hyl ene ¢ di met hacry
recurring ethyl eneq bups i s 14, Dl ecul & i ght = 0)
48 Bifunctional po ; Wo acry¥ic OURS in
one nol ecule A- BPE 2, 2-bis (4- acryloyZoxyponethofyphen&I) prropane
(the average nunber of recurring ethyl eneoxy groups is 10, 5Saverage
nol ecul ar weight is 776) 9GA: pol yet hyl ene glycol diacrylate (the
aver age nunber of recurring ethyl eneoxy groups is 9, average
nmol ecul ar wei ght i

,eragg nunber of

obt ai ned by
hydr oxyet hoxy
516) 15 0 Tri R /
nmet hacrylic groups imno6ne nol ecul e TMPT: Yrinet hyl ol pepa
trimethacrylate (nol eul ar weight is 338% Tetrafunctional
pol yneri zabl e nononer having four acrylic 20groups in one nolZecul e A

TMMIT: pentaerythr|tolwtetraaggylate (ol ecul ar wei ght is 352)
' (groups R and

In the above formula (6), R and R*® are each
independently a group represented by the following formula
(7), a group represented by the following formula (8), aryl

5 group, heteroaryl group or alkyl group.

—fE;CHﬁ;RW (7)

—ﬁcEc —)n—ng (8)

R*’ in the above formula (7) is an aryl group or a
10 heteroaryl group. Examples of the aryl group are the same
as those enumerated for R

The above heterocaryl group is preferably a heteroaryl



(I'b) monofunctional polymnerizabl e nmonomer having one (neth)acrylic

. group in one nolecule 25 Monofunctional polynerizable nononmer having
one nethacrylic group in one nolecule GVA: glycidyl nethacryl ate

(ol ecul ar wei ght is 142) TWMSi MA: y-net hacryl oyl oxypropyl

trimet hoxysil ane (nol ecul ar weight is 25%? 30 MePEGVA: net hyl et her
pol yet hyl ene gl ycol nethacrylate (the average nunber of recurring

et hyl eneoxy @roeupsnhksidd, 4aver agecaebeaubavmeei ghtefsr#068¢xamples of

Monof uncti on pol yneri zabl e nmononer _havi .one_acrylic group in one
ol oeune | 0 RETDEPaET L F PRy SREAiRECOPARIge: Srpubs ThayR GhoBE]
(ot hers) polyggfg%@byﬁ BAPPI phavtpy §rsuprebbhaetylieaydr gupsp,n one

nol ecul e . urethane ol 1 gonmer hexaacryl ate_(average nol ecul ar
5 wei ght is 28299 RFfRyph8ESERr 8RflcPEBAPBYRECLE8YL ITPYPyneri zat i on

initiator CA 1800:7 a.4n %tw@r&gea-m&w%y;ﬁyﬁtstﬁwl:pﬁeﬁyéf@a@w angds
bis (2, 6-d|nethoxybenz§%1-2, 4, 4-trinet gl-pentylp osphi ne 5 oxi de)
(wei ght rati® bydBoayn pppEsceat theAPOMar BeEBAPANYdudE CRP( BI2Ni REur e
of 50 parts hapno LSP - Zr 02: Sb2055 Si

conposite ne%%?ggi?égé?ﬂ§§3gghélg¥§hﬁéégg %ﬁgﬁ?éal Fﬁdﬁs???%gg i%%??f
12 parts by dbkemgsgopuy-hysndokypeopytarbimethonrgsi CantoaBkphrgsohy

mass of mnet et hpxysi 1 ts..b o]
tetraethoxyzg g%éé % ggr?skgggﬁ%sgtggg0§65Mﬁmﬁggpo%ﬁﬁg?ic acid, 7
parts byoOmass of tR¥tibugyhydkoghol atd@, patkglbyroapsoofhaopenpyton.

2y conol and &R0 RRS Of kd idd LRGN ASSINAN QLo 44T YD same
as those enumerated for R>.
*m” is an integer of 1 to 3. “m” is preferably 1 from
the viewpoint of the acquisition of the raw material.

15 Prefarred examples of the group represented by the
above formula (7) include phenyl-ethenyl group,

(4- (N, N-dimethylamino)phenyl)-ethenyl group,
(4-morpholinophenyl)-ethenyl group,
{4-piperidinophenyl}-ethenyl group,

20 (4-methoxyphenyl) -ethenyl group,
(2-methoxyphenyl)-ethenyl group, phenyl-l-methylethenyl
group, (4-methoxyphenyl)-l-methylethenyl group,
phenyl-1-fluoroethenyl group,

(4— (N, N-dimethylamino)phenyl)~-l1-flucocroethenyl group,

25 2-thienyl-ethenyl group, 2-furyl-ethenyl group,
2-(N-methyl)pyrrolinyl-ethenyl group,
2-benzothienyl-ethenyl group, Z2-benzoiuranyl-ethenyl group
and 2-{N-methyl)indolyl-ethenyl group.

In the above formula (8), R*® is an aryl group or a

30 heteroaryl group like R*’. ™“n” is an integer of 1 to 3. “n”
is preferably 1 from the viewpoint of the acquisition ease
of the raw material.

Preferred examples of the group represented by the

above formula (8) include phenyl-ethynyl group,



LS765: bis (1,2, 2, 6, 6-pentanethyl-4-piperidyl) sebacate Hi ndered

. phenol anti oxi dant | RGANOX245: 20 et hyl enebi s (oxyethyl ene) bis [3,
S5-tert-butyl-4-hydroxy-ntoluyl]propionate] Exanple 1 3 parts by nass
of PCl as a photochrom ¢ conpound was 25 gdded to and fully m xed
with 100 parts by mass of (neth)acrylic ?) | ymeri zabl e nononers
consisting of 50 parts by mass of BPE500 havi ng nethacrylic groups,
30 parts by pmsen, ®$ddohe TMPTahane nghaeyhpeeyhiyoyr gupspand 17 parts
by mass of 9 having acrylic ou as. the pol yfuncti onal :
pol yrreri zabl @ﬁﬁ%‘%&@ﬁé}}e%}ﬁ {éegéyﬁlb?r Bs of GVA having a

met hacrylic M%@ﬁi@ﬂ@op@@ﬁ)ﬁym;étﬁgﬁyl petyupyri zabl e 5 nononer (Ib)
to obtain a FhOt ochrom c curabl e corrgositi on. The total content of
the pol yf unctd Grel eraYRRerY L hpf BPHBRONEF QIR af4 THe tRel RBRR ) ace iy *
pol yrer i zabl & SpnoMes Sqofhd 4y 1 pehE Ry 61 € EONPOSH 1 -0 N@ASy 1
97 mass% anaﬁi he nﬂﬁzber of %D%%h%f the@%ﬁefhg%%ﬁ%c group e}f(i stent in
t he 10( et h)@eIWhi o2 polyyer¢EavBrel ngheowRrs was 6.3 tines the nunber
of noles of jhgractylit) 9P iRy PAELSyRY1 MBsSu8f LS765 as an Iight
stabilizer, % g\;?{t?és 3{/ }rrggs o]flI%GANOX%% gg alrlllganti oxi dant and 0.5
part by nmass2-dierGERUIB0ON nh-at pyhy ot anbeneefarenyhepghigdédiwP
and fully m xed wth h rom r conposi tion. Then,
about 2 g ofarfcgeémngl\geréégga?Igél)&j()%gaigﬁlgn%t@Jtr')%)g ) obtained by the
above nmébhod was dppEinpEdceg oft bee surflageocob, ah@temeahytligysluaseind dlenst
(MR thiourethane-based resin plasisic _l.ens¢ opti S trat Vi ng
a refracti v NIRE IS E0 N k?-\ﬁa%heaﬁ}ﬂ- 3)(2 st%l?én S(:a%)afeé‘l’rgo SA
at a revol utdramefatcdd rpor fRY 4@dsedbnds, at 500 rpmfor 2 seconds
and at 1,000 rpmfaqar 5 gpnds. . Thi s coated | ens s dllumnate . a
netal halide |anp 1%a\ﬁlr}‘fg?{anH@L-‘f’t B&ESPE{% Ot‘?ﬁﬁ‘@?ﬁr}% oM 7B ‘%éasbe/lc
at nospher e fiofd A5tk 88591dsid 8 rCalf 6mi Hec aoaltdtth fidinriTheteqétrer wieh
cured 25 coating filmwas heated at 120C for 1 hour to manufacture an

opt i cal LAat dMil CHERAh P PR RLHT oFP@@6At i ng | ayer.

Subsequently, the mpiiGaled eiarARd ¢al tRat £11ghdthavhp@récarbon ring
phot ochrom ¢ coating | ayer (thickness of 40 p obt ai ned by the above

net hod was vidshersvadargediagife tdmd  f BLCYc3ongrres WitH AR paane
made clean, sgaked in a 10 wt % NaOH aqueous solution for 10 m nutes,
rinsed in water” conpletely and then dried with air again. This _

optical |ens was iinedfiesaed rexawoles dPlddie |axpmat ¥ pidf @epIpPatr 3w

nm mn, ,Qre-dri t inute and thermally cured at 110C
28 1q]5|:lzlq,f%ea O%l[qgocigr% J;j_snn]{]nb

for 2 hours inan optical article having a hard cqat ;
| ayer. The phot ochiroieaspr oper tpesfahanhy ot p ft bheLroapor dfartchiRg

optical article, a adhesi gn.bet ween th hot ochr.om ¢ ati.n

aﬁd t he hard_"%%g’trel%dff@%qé’naryﬂiegga‘lg?c%r e&eesrlos ra%‘nlcgrgfu%t%gethhg% &g%
I gyer shown Eirrbcl(@e %ﬁ%i@emlwmbrmﬂzu?meitiéi. I\/wdnr‘:ﬂmr, at

absor ption wavel engt X) : ta avin t.ochroni c
coat i er])g I aye]fe%/%tsog?r éﬂ‘f%ﬁﬂ%%a}%]yy %?gﬁoé%goapggﬁj\i\)a%gfgdyﬁ%ﬂﬁ%
of Hamapgt sy RLQBGS daK odd shreonghranl eelegagsohibbt 1) to (iv).

(manufactured by Corning Co., Ltd.) at 20ClC at a beamintensity on
the surface G t héfHotIEEMPoRitc NESEEPRG YagEP B N2V ANHRR il Y1 FB% Uhn

and 24 pWecnR at 243.nghf gn k420 seeopdast @ deyelar ueelor, and the
maxi mum absor pti on wavel ength at "this point was obtained by 15 nmeans

of the spect{igphoteivgt 6r UWMCPD30E0 eirRsraAt HHeBRshAVL R - @hadiElo group
phot odet ect or) ofaggkg Eh%%ttri(e[&ie?ﬁt Co., Ltd. The maxi num absor ption
wavel ength is connected wth ¢color a the tine of color devel opnent.

3C (iii) aryl group or heteroaryl group having a ring member

nitrogen atom and a heterocyclic group bonded to the
aryl group or heterocaryl group by the nitrogen atom
as a substituent, and

(iv) aryl group or heterocaryl group having a condensation



(2) Color optical density: This is the difference between 20

. absorbance {s(120)} after 120 seconds of exposure and absorbance s(0)
under no exposure of a cured product at the above maxi mum absorption
wavel ength. It can be said that as this ¥€| ue becones | arger,

phot ochrom c properties becone nore exceffent. 25(3) Fading half
period: tinme {T1/2(mn)} required for the reduction of the absorbance
at the above maxi mumeaksocptdldre wavelpe ngtvl raf arh@maeﬁtqortqdimCard)on

1/2 of fs(120)-s(0)} whe to fter 120
xposur e, 1t can. be dRHEOF AR OREE RIS (T Cekunee "ShGPPOEn SEets the

fading speed 30 beceres rhicghar argd qiotior hridni)c a@@p&fdhsﬁslﬁlﬁa}mm
nore excellent. (4) Durabiljty: To evaluate the durability of colo

devel oprment by ex rlzélb%ttﬂetq%}?%vﬁ’%l%‘?rer‘?%rgt? o ohot§Bh t%sthe
was condgct eg-yThatoups thtet@e(tlafl QahbOpa®3 @f1 4., abtaiveed hgasthe

havi ng a phot ochr om C coatl ng | ayer was pronoted by using the X25
xenon weat hetummlépfotueaeattreetmmep@ 5teg: | Ta BrofgreRrrabtit

Thereafter, th& @&%&nf@'ﬁfo;?@ftﬁéé densi Lypuest evabHabed; bebar esand
after the test 5 to neasure the color optical density (AO) before the

test and thexoforaloht |t mtwm@e)ﬂmt@m%ﬂe@twwa@@ ryl

obtain the v {{ r 9 t

resi dual rat%cﬁg%onéé\?%éf%aebfrf %ﬁ%%uraq{)mtﬁl ty o aA ﬁ%seé:e?%%rﬁéesntﬁ

becones1Ai gherefé’zhﬂoh;bolletcﬁ adi ng reall S r pyet |a)ohrmmlems>®vldt€uaﬁt}e5dl bef @re

and after thetes t SW g hal e the

test and the I}a]tlu Aﬁar%& ﬁ?%%gflrzﬁgﬁ) gftfIl Jl?ﬁl%%gg}tjéggi Q%Sf)bbt ain

t he val ue {(JZ@{Hﬁﬁetmoﬁgﬁxﬁl}exaﬁlt@eodpl ay-napeopdyypohehndi ggospeed.

(5) Adhesion romc coating | ayer and hard coat 15

| ayer: The <u &«g{\ﬁ C?J(,rg?/@? LTy %h?féﬂj %5%?51 ayer) on the

phot ochr om cq-cga,tN-rtgléﬁygelarsnd@ ptﬁelﬁjae havdprcoated | ens was cut with

a cutter knife having a sh arrEl }ge to Lorm 1003 uar es asuring.1 mm
@ g@

x 1mm  E8met it N A ERAE 1 A PRph%heIt PR (T EBPEPRP CU PPAGRNRr k)

was affixed §ddie susfgce.dasbrénsepgrathon bet ween the hard coat
| ayer and the hot ochrom ¢ coatl n ay er en the cell ophane tape was

stripped quiZkiNy Nkl eidekerming W/YlA@Fl‘é‘éPoﬁn%et ween t he

phot ochr om ¢ _ceat SNEF the; harsheeai &ayes . was eval uat ed
based t he nﬁtlrrb((e}éra1 6o_tl‘wlrnl(lernau nlpillig}gesqua%esr 1018§( n%ne éermved) to 0 (all

25renoved)). (6) ToHer &S ridsitsiahqro it gt (Pleddie |yt iBiad] iwdihe
(Bonst ap,#0 EEdhde %ﬁléﬂr A&q,
surfaceéof t%ft)eocﬁq:tens )}%Oqjt]: %&e :ﬁ‘er a??'gz;d of 1 so as to evgjl tate ’
how nuch i t anah tS‘lEI‘ atuofved: wlfsaablsy;tﬂwteo1evabt|atmmtemt eflhen rardoeas
fol | ows. scratche | che
slightly scr égﬁ (t§ 57 ot g %usgessgﬁﬁf&ﬁgigg at% %gggigég%xean@ueé
scratched (¥ afhemr@tetzmahe,sls ¢ taunp 20nstudé cheseanex gelengnybdgboup,
scrat ched heav %JQ%ﬁhéthTgﬁiﬁgrahlggglaégbggF -methylfuryl group,
25 4-(N,N-diethylamino) furyl group,
4—(N,N-diphenylamino)thienyl group,
4-morpholinopyrrolinyl group, 6-piperidinobenzothienyl

group and 6-(N,N-dimethylamino)benzofuranyl group.

30 (preferred photochromic compound)
Out of the above photochromic compounds, chromene
compounds represented by the following formulas are

preferred.



The conposition of the photochrom ¢ curable conposition of Exanple 1
is shown in Table 1, and the evaluation results of the above
properties are shown in Table 5 4. As shown in Table 4, good results
were obtained for all the properties. Even when the sane

eval uati ons were made on the above photoéﬂronlc cur abl e conposition
whi ch had been put in a brown glass container and kept at 40C for 3
nont hs, good 10 results were obtained for all tag properties.
Exanples 2 to ] E tHs  The operation of ExanplE *1 was repeatgd 1o

eval uate the tochr-nqucurabIe
15 conp05|t|on @3 were Of : s afe
shown in Table 4. e

all the properties 3 ;
on the above phot i urabl e conpositid
a 20 brown gl ass i
wer e obt ai neeSor 3
t he nunber of nol esHef
acrylic group existent in gglymerizable nononmers C ' 9O8HE |

!

?ons wer e nade

d been put in
good results
pperties. 55 Val ue obt a&yped by dividing

OCH,CH,CH;

OCH,CH,CHs

These compounds may be used in combination of two or
more to adjust color. A photochromic compound other than

5 these may be mixed and used.

{content of photochromic compound)
In the photochromic curable composition of the present

invention, the content of the photochromic compound is 0.01
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to 20 parts by mass based on 100 parts by mass of the total
of the above {(meth)acrylic polymerizable monomers. When the
content is lower than 0.01 part by mass, color optical density
may become unsatisfactory and when the content is higher than
20 parts by mass, the photochromic compound hardly dissolves
in the (meth)acrylic polymerizable monomers, whereby color
optical density may become nonuniform. From the viewpoint
of an effect, the content of the photochromic compound is
preferably 0.05 to 10 parts by mass, particularly preferably
0.1 to 10 parts by mass.

When the photochromic curable composition of the
present invention is used as a coating matexrial for optical
materials which will be described hereinafter, the content
of the photochromic compound is preferably adjusted
according to the thickness of a photochromic coating layer
to be formed. For example, the content of the photochromic
compound is increased to form a thin coating layer and reduced
to form a thick coating layer, thereby making it possible
to obtain a suitable color optical density. Stated more
specifically, it is pafticularly'preferred that the content
of the photochromic compound should be 5 to 15 parts by mass
to form a coating layer having a thickness of about 10 pm
and 0.1 to 5 parts by mass to form a coat layer having a
thickness of about 50 pm.

A description is subsequently given of other
components used in the photochromic curable composition of

the present invention.

{other components)

Additives such as a surfactant, an antioxidant, a
radical scavenger, a ultraviolet stabilizer, a ultravioclet
absorbent, a release agent, a color protection agent, an
antistatic agent, a fluorescent dye, a dye, a pigment, an

aroma chemical and a plasticizer may be further added to the
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curable composition of the present invention in order to
improve the durability of the photochromic compound, cblor
development speed, fading speed and moldability. It is
extremely preferred to add a polymerization initiator which
will be described hereinafter to cure the curable composition.
As these additives to be added, known compounds may be used
without restriction.

Although all nonionic, anionic and cationic
surfactants may be used as the surfactant, a nonionic
surfactant is preferably used from the viewpoint of
solubility in the polymerizable monomers. Examples of the
nonionic surfactant which can be advantageously used include
sorbitan fatty acid esters, polyethylene glycol fatty acid
esters and polyoxyethylene alkyl ethers. A mixture of two
or more surfactants may be used. In this case, the total
content of the surfactants is preferably 0.1 to 20 parts by
mass based on 100 parts by mass of the polymerizable monomer
composition.

As the antioxidant, the radical scavenger, the
ultraviolet stabilizer and the ultraviolet absorbent may be
preferably used hindered amine light stabilizers, hindered
phenol antioxidants, phenol-based radical scavengers,
sulfur-based antioxidants, benzotriazole-based compounds
and benzophenone-based compounds. These antioxidants,
radical scavengers, ultraviolet stabilizers and ultraviolet
adsorbents may be used in combination of two ormore. Further,
before use of these nonpolymerizable compounds, a surfactant
and an antioxidant, a radical scavenger, an ultraviolet
stabilizer or an ultraviolet adsorbent may be used in
combination. In this case, the content of the antioxidant,
the radical scavenger, the ultraviolet stabilizer or the
ultraviolet adsorbent is preferably 0.001 to 20 parts by mass
based on 100 parts by mass of the total of the (meth)acrylic

polymerizable monomers.
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OQut of the above stabilizers, hindered amine light
stabilizers are useful when the curable composition of the
present invention is used as a coating material from the
viewpoint of preventing the deterioration of the
photochromic compound when the curable composition is cured
or improving the durability of a cured product thereof.
Known compounds may be used without restriction as the
hindered amine light stabilizer. When the curable
composition is used as a coating material, compounds which
are particularly effective in the prevention of the
deterioration of the photochromic compound include
bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate and the
Adecastab LA-52, LA-62, LA-77 and LA-82 of Adeka Corporation.
In this case, the content of the hindered amine light
stabilizer is preferably 0.001 to 20 parts by mass based on
100 parts by mass of the total of the (meth)acrylic
polymerizable monomers. Particularly when the curable
composition of the present invention is used as a coating
material, the content of the hindered amine optical
stabilizer is preferably 0.1 to 10 parts by mass,
particularly preferably 1 to 10 parts by mass.

As another useful stabilizer when the curable
composition is used as a coating material, a hindered phenol
antioxidant is also particularly preferably used from the
viewpoint of improving the durability of a cured product.
Known compounds may be used without restriction as the
hindered phencl antioxidant. When the curable composition
is used as a coating material, compounds which are
particularly effective in the prevention of the
deterioration of the photochromic compound include
IRGANQOX245
(ethylenebis (oxyethylene)bis{3, 5-tert-butyl-4-hydroxy-m-
toluyl]propionate}l}, IRGANOX 1076
(octadecyl-3-(3, 5-di-tert-butyl-4-hydroxyphenyl)



di f uncti onal
uT 4u dnoab

10

15

20

25

30

| trifunctional 0 Z X ill 56 Z' sa a-Et:Fez-Fa
0 go go egg Ag OTTAa go ;0 egg bu Ag pa L

39

propionate) and IRGANOX 1010 (pentaerythritol
tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate
] of Ciba Specialty Chemicals Inc. In this case, the content
of the compound is preferably 0.001 to 20 parts by mass based
on 100 parts by mass of the total of the (meth)acrylic
polymerizable monomers. When the curable composition is
used as a coating material, the content is preferably 0.1
to 10 parts by mass, more preferably 1 to 10 parts by mass.

The photochromic curable composition of the present
invention may comprise another polymerizable monomer
different from the above polyfunctional polymerizable
monomers {Ia) and the monofunctional polymerizable monoﬁer
(Ib) as long as the above characteristic properties are not
impaired. The preferred content of the other polymerizable
monomer is 10 parts or less by mass based on 100 parts by
mass of the total of the above (meth)acrylic polymerizable
monomers. The other polymerizable monomer is, for example,
a polymerizable monomer having a vinyl group. Examples of
the polymerizable monomer containing a vinyl group include
styrene, a-methylstyrene and a-methylstyrene dimer. These
compounds containing a vinyl group may be used alone or in
combination of two or more.

A description is subsequently given of the method of
preparing the photochromic curable composition of the
present invention, the method of forming a cured product and

use of the cured product.

(preparation method, curxed product forming method and use
thereof)

The photochromic curable composition of the present
invention can be prepared, for example, by weighing
predetermined amounts of components and mixing them together.
The order of adding the components i1s not particularly

limited. All the components may be added at the same time,
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or only the {meth)acrylic polymerizable monomers may be
premixed together and then the photochromic compound and
other additives may be added to and mixed with the resulting
mixture right before polymerization as will be described
hereinafter. As will be described hereinafter, 1t is also
preferred to further add a polymerization initiator for
polymerization as required.

The photochromic curable composition of the present
invention preferably has a viscosity at 25°C of 20 to 500
cp. This viscosity is preferred when the photochromic
curable composition is used as a coating gent for an optical
material, more preferably 50 to 300 cp, particularly
preferably 60 to 200 cp.

Within this viscosity range, the thickness of the
coating layer which will be described hereinafter can be
easily adjusted to 10 to 100 pym and satisfactory photochromic
properties can be obtained.

To obtain a photochromic cured product by curing the
photochromic curable composition of the present invention,
a known polymerization method may be employed according to
the types of the polymerizable monomers in use.
Polymerization initiating means include use of a radical
polymerization initiator such as peroxide or azo compound,
the application of ultraviolet radiation, o-ray, P-ray or:
y-ray, or a combination thereof.

A known radical polymerization initiator may be used.
Typical examples of a thermal polymerization initiator
include diacyl peroxides such as benzoyl peroxide,
p-chlorobenzoyl peroxide, decanoyl peroxide, lauroyl
peroxide and acetyl peroxide; peroxy esters such as t-butyl
peroxy-2-ethyl hexanoate, t-butyl peroxy dicarbonate, cumyl
peroxy neodecanate and t-butyl peroxy benzoate;
percarbonates such as diisopropyl peroxydicarbonate,

di-2-ethylhexyl peroxydicarbonate and di-sec-butyl
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peroxycarbonate; and azo compounds such as
2,2’ —azobisisobutyronitrile,

2,2" ~azobis{(4-dimethylvaleronitrile),
2,2"—azobis(2-methylbutyronitrile) and
1,17 -azobis(cyclohexane-~l-carbonitrile).

When these thermal polymerization initiators are used,
the amount thereof differs according to pelymerization
conditions, the type of the initiator, and the types and
compositions of the polymerizable monomers and cannot be
limited unconditionally. It is preferably 0.01 to 10 parts
by mass based on 100 parts by mass of the total of the
polymerizable monomers (when another polymerizable monomer
is used, this polymerizable monomer is included). The above
thermal polymerization initiators may be used alone or in
compbination of twe or more.

When the curable composition is polymerized by
exposure to ultraviolet radiation, it is preferred to use
a photopolymerization initiator such as benzoin, benzoin
methyl ether, benzoin butyl ether, benzophenol, acetophenone
4,4’ -dichlorcbenzophencone, diethoxy acetophenone,
2-hydroxy-2-methyl-l-phenylpropan-l-one, benzyl methyl
ketal,

1- (4-isopropylphenyl) -2-hydroxy-2-methylpropan~1l-~one,
1~-hydroxycyclohexylphenyl ketone, 2-isopropyl
thiooxanthone,

bis (2, 6-dimethoxybenzoyl-2,4,4~trimethyl-pentylphosphine
oxide, bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide,
2,4, 6-trimethylbenzoyl diphenyl-phosphine oxide or
2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butanone
-1.

When these photopolymerization initiators are used,
the amount thereof is preferably 0.001 to 5 parts by mass
based on 100 parts by mass of the total of the polymerizable

monomers (when another polymerizable monomer is used, this
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polymerizable monomer is included). The above
photopolymerization initiators may be used alone or in
combination. The above thermal polymerization initiator
may be used in combination with the photopolymerization
initiator.

As the particularly preferred method for obtaining a
cured product from the photochromic curable composition of
the present invention, the photochromic curable composition
of the present invention comprising the above
photopolymerization initiator is exposed to ultraviolet
radiation to be cured and further heated as required to
complete its polymerization.

To polymerize the photochromic curable composition of
the present invention through exposure to ultraviolet
radiation, known light sources may be used without
restriction. Examples thereof include a super
high-pressure mercury lamp, a high-pressure mercury lamp,
a low-pressure mercury lamp, a xenon lamp, a carbon arc, a
sterilization lamp, a metal halide lamp and an electrodeless
lamp. The time of exposure using the light source may be
suitably determined according to the type, absorption
wavelength and sensitivity of the above photopolymerization
initiator and the thickness of a photochromic layer. When
an electron beam is used as the light source, a photochromic
layer can be cured without adding a photopolymerization
initiator.

Although the photochromic curable composition of the
present invention may be used alone as a photochromic
material by curing with the above polymerization initiator,
it is particularly preferably used as a coating material for
coating a substrate such as an optical substrate, preferably
an eyeglass lens.

An exemple in which the photochromic curable

composition of the present invention is used as a coating
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(use as a coating material)

Examples of the optical material include known optical
substrates such as eyeglass lenses and windows for houses
and automobiles.

Known eyeglass lenses include plastic eyeglass lenses
such as (meth)acrylic resin-based, polycarbonate-based
resin, allyl-based resin, thiourethane-based resin,
urethane-based resin and thiocepoxy-based resin eyeglass
lenses, and glass eyeglass lenses. When the curable
composition of the present invention is used as a coating
material for eyeglass lenses, it cari be used for any eyeglass
lens but preferably used as a coating material for plastic
eyeglass lenses, particularly preferably for (meth)acrylic
resin-based, polycarbonate-based resin, allyl-based resin,
thiourethane-based resin, urethane-based resin and
thioepoxy-based resin eyeglass lenses.

When the curable composition of the present invention
is used as a coating material for optical substrates such
as eyeglass lenses, preferably, the photochromic curable
composition of the present invention is applied to the
optical substrate by spin coating, spray coating, dip coating
or dip-spin coating and then preferably cured by exposure
to light or heating. More preferably, it is cured by exposure
to light and then heated to ;omplete its polymerization.
When the optical substrate is to be coated with the curable
composition, a pretreatment which will be described
hereinafter is preferably made on the optical substrate in
advance.

When the photochromic curable composition of the
present invention is used as a coating material, the curable
composition is applied to the surface of the above optical

substrate to form a coating layer which is then polymerized
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and cured to form a photochromic layer. In this case, prior
to coating, a pretreatment is preferably made on the optical
substrate so as to improve the wettability of the optical
substrate by the curable composition and the adhesion of the
optical substrate. Examples of this pretreatment include
a chemical treatment with a basic agueous solution or an

acidic aqueous solution, polishing with an abrasive, a plasma
treatment using atmospheric-pressure plasma or low-pressure
plasma, a corona discharge treatment and a UV ozone treatment.
These methods are not particularly limited and known methods
may be used or combined to improve the adhesion of the optical
substrate.

Qut of the above pretreatments, a chemical treatment
with a basic aqueous solution is preferred as the
pretreatment of the above-described eyeglass lens substrate
(optical substrate) because it can be easily employed. When
the photochromic curable composition of the present
invention is used, it can strengthen adhesion between it and
the optical substrate. As for the treatment method, in
general, the optical substrate should be impregnated with
an alkaline solution. A sodium hydroxide aqueous solution
or a potassium hydroxide aqueous solution is used as the
alkaline solution. The concentraticn of the hydroxide is
preferably 5 to 30 mass%. The treatment temperature may be
suitably determined in consideration of the heat resistance
of the substrate in use but preferably 20 to 60°C. The
treatment is carried out by impregnating the optical
substrate with an alkaline agueous solution or by carrying
out ultrasoconic cleaning while the optical substrate is
impregnated with an alkaline aqueous solution. The
treatment time which differs according to treatment
conditions is preferably 1 minute to 1 hour, more preferably
5 to 15 minutes. The alkaline solution may be water, a mixed

solution of alcohoel solvents or an alcohol solution besides
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an aqueous solution. The alcohol in use is a lower alcohol
such as methanol, ethanol or isopropyl alcohol, or a solution
prepared by adding 1 to 10 parts by mass of an organic base
such as l-methyl-2-pyrrolidone to 100 parts by mass of the
alkaline solution. After the alkaline treatment, the
optical substrate should be rinsed with water such as pure
water, ion exchange water or distilled water and dried.

Prior to the formation of a coating layer by applying
the photochromic curable composition to the surface of the
optical substrate, a polyurethane-based, polyester-based,
polyvinyl acetal-based or epoxy-based primer may be applied
and cured.

A photochromic coating layer can be formed by applying
the coating material to the optical substrate which has
undergone the above pretreatment and curing it in accordance
with the above method. The coating layer obtained by the
above method is preferably made relatively thick so that
sufficiently high color optical density is obtained and the
durability of photochromic properties becomes high even when
the content of the photochromic compound is low. However,
when the coating layer is thick, initial yellowness increases.
Therefore, the thickness of the coating layer is preferably
10 to 100 um, more preferably 20 to 50 ym. This large coating
thickness can be easily attained by setting the viscosity
at 25°C of the photochromic curable composition to 20 to 500
cp, preferably 50 to 300 cp, more preferably 60 to 200 cp.

When the photochromic curable composition of the
present invention is used as a coating material for eyeglass
lenses, it is preferred to adjust the ratio of components
to be mixed together, especially the ratioc of polymerizable
monomers to ensure that the refractive index of a cured
product of the photochromic curable composition becomes
almost equal to the refractive index of an eyeglass lens.

In general, the refractive index is adjusted to about 1.48
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The optical substrate which has been coated as
described above can be used as a photochromic optical
material directly but generally used after it is coated with

5 a hard coat layer. Thereby, the scratch resistance of the
photochromic optical material can be improved.

Known coating materials may be used without
restriction as the coating material (hard coat agent) for
forming a hard coat layer. Specific examples of the coating

10 material include silane coupling agents, hard coat agents
comprising a sol of silicon oxide, zirconium oxide, antimony
oxide, aluminum oxide or titanium oxide as the main component,
and hard coat agents comprising an organic polymer as the
main component.

15 The coated photochromic optical material is generally
coated with a hard coat agent by the same operation as the
coating of the optical substrate with the photochromic
curable composition. Similarly, after the pretreatment of
the photochromic optical material, that is, the soak of the

20 photochromic optical material in an alkaline solution such
as a sodium hydroxide aqueous solution or a potassium
hydroxide agueous solution, or ultrasonic cleaning while the
photochromic optical material is soaked with the alkaline
solution, the hard ccat agent may be applied to the surface

25 of the optical material by the above known method. The
applied hard coat agent is cured by a known method, for example,
heating to form a hard coat layer.

When the hard coat layer is to be formed on a cured
product of the photochromic curable composition of the

30 present invention, a hard coat layer having sufficiently high
adhesion can be formed without carrying out polishing with
an abrasive, a plasma treatment using atmospheric-pressure
plasma or low-pressure plasma, a corona discharge treatment

or a UV ozone treatment. As a matter of course, the adhesion
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of the hard coat layer can be further improved by carrying
out the zbove treatment.

Processing and a secondary treatment such as
antirefléction treatment and antistatic treatment by
depositing a thin film of a metal oxide such as SiOz, TiO;
or Zr0, or by forming a thin coating film of an organic polymer
may be made on the surface of a cured product of the
photochromic curable composition alone of the present
invention, an optical material having a coating layer made
of the curable composition (coating material) on the surface
of an optical substrate, the coating layer oxr an optical

article having a hard coat layer.

Examples

The following examples are provided for the purpose
of further illustrating the present invention but are in no
way to be taken as limiting. Symbols and names of compounds
in use are shown below.
(Ia) polyfunctional polymerizable monomers having two to
four (meth)acrylic groups in one molecule
® Bifunctional polymerizable monomer having two methacrylic

groups in one moleéule

BPE100: 2,2-bis (4~methacryloyloxypolyethoxyphenyl)propane
{(the average number of recurring ethyleneoxy groups is 2.6,
average molecular weight is 478)
BPES00: 2,2-bis{4-methacryloyloxypolyethoxyphenyl) propane
(the average number of recurring ethyleneoxy groups is 10,
average molecular weight is 804)
9G: polyethylene glycol dimethacrylate (the average number
of recurring ethyleneoxy groups is 9, average molecular
weight is 536)
14G: polyethylene glycol dimethacrylate (the average number
of recurring ethyleneoxy groups is 14, average molecular

weight is 770)
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® RBifunctional polymerizable monomer having two acrylic
groups 1in one molecule

A- BPE: 2,2-bis(4-acryloyloxypolyethoxyphenyl)propane (the
average number of recurring ethyleneoxy groups is 10,
average molecular weight is 776)

9GA: polyethylene glycol diacrylate (the average number of

recurring ethyleneoxy groups is 9, average molecular weight

is 508)

® Urethane acrylate having two acrylic groups in one
molecule

UA-500: bifunctional urethane acrylate obtained by reacting

3,3,6-trimethylhexamethylenediamine with

hydroxyethoxyethyl acrylate in a ratio of 1:2 (molecular

weight is 516)

'® Trifunctional polymerizable monomer having three

methacrylic groups in one molecule

TMPT: trimethylclpropane trimethacrylate {(molecular weight

is 338)

® Tetrafunctional polymerizable monomer having four acrylic
groups in one molecule

A- TMMT: pentaerythritol tetraacrylate (molecular weight is
352)

(Ib) monofunctional polymerizable monomer having one

{meth)acrylic group in one molecule

® lMoncfunctional polymerizable monomer having one
methacrylic group in one molecule

GMA: glycidyl methacrylate (molecular weight is 142)

TMSiMA: y-methacryloyloxypropyl trimethoxysilane

(molecular weight is 252)

MePEGMA: methyl ether polyethylene glycol methacrylate (the

average number of recurring ethyleneoxy groups is 23, average

molecular weight is 1068)

® Monofunctional polymerizable monomer having one acrylic

group in one molecule
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GA: glycidyl acrylate (molecular weight is 128)
® (others) polymerizable monomer having six (meth)acrylic
groups in one molecule
U6HA: urethane oligomer hexaacrylate (average molecular
5 weight is 1019)

(Il) photochromic compound

PC3

OCH,CH,CHs .



Durability delay of fading speed (% SOT 801 LOT 90T COT LOT 80T 80T
17TT f7TT

rate

i0

15

20

25

frOr DOr 901 170T SOI LOT COI Durability residual

50

PC4

® Polymerization initiator

CGI1800: a mixture of l-hydroxycyclohexylphenyl ketone and
bis (2, 6-dimethoxybenzoyl-2,4,4-trimethyl-pentylphosphine
oxlide) (weight ratio of 3:1)

® Hard coat agent

Hard coat liquid A (a mixture of 50 parts by mass of methanol
dispersed Sn0;-Zr0,-Sb;05~310; composite metal oxide
{HX-305M5 of Nissan Chemical Industries, Ltd.), 12 parts by
mass of y-glycidoxypropyl trimethoxysilane, 3 parts by mass
of methyl triethoxysilane, 10 parts by mass of
tetraethoxysilane, 7 parts by mass of 0.05 N hydrochloric
acid, 7 parts by mass of tert-butyl alcohol, 10 parts by mass
of isopropyl alcohol and 1 part by mass of
tris(acetylacetonato)aluminum)

Hindered amine optical stabilizer

18765: bis(1,2,2,6,6-pentamethyl—-4-piperidyl) sebacate
Hindered phencl antioxidant

TRGANOX245:

ethylenebis (oxyethylene)bis[3, 5-tert-butyl-4-hydroxy-m-
toluyl]propionate]

Example 1

3 parts by mass of PCl as a photochromic compound was
added to and fully mixed with 100 parts by mass of
(meth)acrylic polymerizable monomers consisting of 50 parts

by mass of BPES00 having methacrylic groups, 30 parts by mass
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of TMPT having methacrylic groups and 17 parts by mass of
9GA having acrylic groups as the polyfunctional
polymerizable monomers (Ia) and 3 parts by mass of GMA having
a methacrylic group as the monofunctional polymerizable
monomer (Ib) to obtain a photochromic curable composition.
The total content of the polyfunctional polymerizable
monomers {Ia) in the (meth)acrylic polymerizable monomers
of this photochromic curable composition was 97 mass% and
the number of moles of the methacrylic group existent in the
{meth)acrylic polymerizable monomers was 6.3 times the
number of moles of the acrylic group. 5 parts by mass of
LS765 as an light stabilizer, 3 parts by mass of IRGANOX245
as an antioxidant and 0.5 part by mass of CGI1800 as a
polymerization initiator were added to and fully mixed with
the photochromic curable composition. Then, about 2 g of
the mixed solution (coating material) cbtained by the above
method was applied to the surface of a 2 mm-thick plastic
lens (MR: thiourethane-based resin plastic lens; optical
substrate having a refractive index of 1.60) with the 1H-DX2
spin coater of MIKASA at a revolution of 60 rpm for 40 seconds,
at 500 rpm for 2 seconds and at 1,000 rpm for 5 seconds. This
coated lens was illuminated by a metal halide lamp having
an output of 100 mW/cn’® in a nitrogen gas atmosphere for 150
seconds to cure the coating f£ilm. Thereafter, the cured
coating film was heated at 120°C for 1 hour to manufacture
an optical material having a photochromic cecating layer.
Subsequently, the optical lens (optical material)
having a photochromic coating layer (thickness of 40 pm)
obtained by the above method was washed with acetone and fully
dried with wind to be made clean, soaked in a 10 wt% NaOH
agueous solution for 10 minutes, rinsed in water completely
and thendriedwith air again. This optical lens was immersed
in the hard coat liguid A, pulled up at 30 mm/min, pre-dried
at 60°C for 15 minute and thermally cured at 110°C for 2 hours
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to obtain an optical article having a hard coat layer. The
photochromic properties shown in (1) to (4) below of this
optical article, and adhesion between the photochromic
coating layer and the hard coat layer and the scratch
resistance of the hard coat layer shown in (5) and (6) below
were evaluated.

(1) Maximum .absorption wavelength (Anax): The obtained lens
having a photochromic ceoating layer was irradiated by the
L-2480 (300 W) SHL-100 xenon lamp of Hamamatsu Photonics K.K.
through an aeromass filter (manufactured by Corning Co.,
Ltd.)} at 20°C*1°C at a beam intensity on the surface of the
photochromic coating layer of 2.4 mW/cm? at 365 nm and 24
uW/cm? at 245 nm for 120 seconds to develop color, and the
maximum absorption wavelength at this point was obtained by
means of the spectrophotometer (MCPD3000 instantaneous
multi-channel photodetector) of Otsuka Electronics Co., Ltd.
The maximum absorption wavelength is connected with color
at the time of color development.

{(2) Color optical density: This is the difference between
absorbance {€(120)} after 120 seconds of exposure and
absorbance £(0) under no exposure of a cured product at the
above maximum abscrption wavelength. It can be said that
as this value becomes larger, photochromic properties become
more excellent.

(3} Fading half period: time {11/2(min)} required for the
reduction of the absorbénce at the above maximum absorption
wavelength of the cured product to 1/2 of {€{120)-¢(0)} when
exposure is stopped after 120 seconds of exposure. It can
be said that as this time becomes shorter, the fading speed
becomes higher and photochromic properties become more
excellent.

{(4) Durability: To evaluate the durability of color
development by exposure, the following deterioration

promotion test was conducted. That is, the deterioration
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of the obtained lens having a photochromic coating layer was
promoted by using the X25 xenon weather meter of Suga Test
Instruments Co., Ltd. for 200 hours. Thereafter, the above
color optical density was evaluated before and after the test
to measure the color optical density (Ag) before the test
and the color optical density (Aze) after the test so as to
obtain the value { (Axp/By) x 100} as the residual rate (%).
As the residual rate becomes higher, the durability of color
development becomes higher. The above fading half period
was evaluated before and after the test to measure the fading
half period (Ty) before the test and the fading half period
(T200) after the test so as to obtain the value { (Tz00/To) x
100} as the delay rate (%) of fading speed.

(5) Adhesion between photochromic coating layer and hard coat
layer: The surface (covered with a hard coat layer) on the
photochromic coating layer side of the hard coated lens was
cut with a cutter knife having a sharp edge to form 100 squares
measuring 1 mm x 1 mm, commercially available cellophane tape
(reglstered trademark) was affixed to the surface, and
separation between the hard coat layer and the photochromic
coating layer when the cellophane tape was stripped quickly
was checked visually. Adhesion between the photochromic
coating layer and the hard ccat layer was evaluated based
the number of remaining squares (100 (none removed) to 0 {all
removed) ).

(6) Scratch resistance of hard coat layer: Steel wool
(Bonstar #0000 of Nippon Steel Wool Co., Ltd.) was used to
rub the surface of the lens 10 times under a load of 1 kg
so as to evaluate how much it was scratched visually. The
evaluation criteria are as fecllows.

A: rarely scratched (less than 5 scratches are seen)

B: slightly scratched (5 or more to less than 10 scratches
are seen)

C: scratched (10 or more to less than 20 scratches are seen)
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D: scratched heavily (20 or more scratches are seen)

The composition of the photochromic curabkle
composition of Example 1 is shown in Table 1, and the
evaluation results of the above properties are shown in Table
4. As shown in Table 4, good results were obtained for all
the properties.

Even when the same evaluations were made on the above
photochromic curable composition which had been put in a
brown glass container and kept at 40°C for 3 months, good

results were obtained for all the properties.

Examples 2 to 13

The operation of Example 1 was repeated to evaluate
the physical properties except that the photochromic curable
compositions shown in Tables 1 to 3 were used. The results
are shown in Table 4. As shown in Table 4, good results were
obtained for all the properties.

Even when the same evaluations were made on the above
photochromic curable compositions which had been put in a
brown glass container and kept at 40°C for 3 months, good

results were obtained for all the properties.
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Comparative Examples 1 to 4

The operation of Example 1 was repeated to evaluate
the properties except that the photochromic curable
compositions shown in Table 5 were used. The results are

5 shown in Table 6.
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lra0 z O 62 In Conparative Exanple 1, the nunber of noles
of the nmethacrylic group existent in the (nmeth)acrylic polynerizable
nononers was 11.2 tines the nunber of m)%?s of the acrylic group. A

| ens havi ng a photochrom c coating 5 mantifactured by using this

phot ochrom ¢ curabl e conposition had a problemw th the adhesi on of
the hard coat | ayern Comparativedinmnats Vie BElanpleb2r bh‘femnmﬂbeofoithe

e ! bR IR LELEDt b L ELTL RGN
polymerizable monomers was 11.2 times the number of moles
of the acrylic group. A lens having a photochromic coating

5 manufactured by using this photochromic curable composition
had a problem with the adhesion of the hard coat layer.

In Comparative Example 2, the number of moles of the
methacrylic group existent in the (meth)acrylic
polymerizable monomers was 2.4 times the number of moles of

10 the acrylic group. A lens having a photochromic coating
manufactured by using this photochromic curable composition
had a problem with the scratch resistance of the hard coat
layer.

In Comparative Example 3, the total content of the

15 polymerizable monomers having two to four (meth)acrylic
groups in the (meth)acrylic polymerizable monomers was 65
mass%. Therefore, a lens having a photochromic coating
manufactured by using this photochromic curable composition
had a problem with the scratch resistance of the hard coat

20 layer.

In Comparative Example 4, a polymerizable monomer
having six {meth)acrylic groups was used. In this curable
composition, no acrylic group was existent in 100 parts by
mass of the total of the moncfunctional polymerizable monomer

25 having one (meth)acrylic group in one molecule and the
polyfunctional polymerizable monomers having two to four
(meth)acrylic groups in one molecule. A lens having a
photochromic coating manufactured by using this photochromic
curable composition had a delay in fading.

30
Effect of the Inventiocn

Crosslinking density is increased by setting the total
content of polymerizable monomers having two to four

(meth)acrylic groups to a specific value, thereby making it
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64 CLAIMS addition to the above characteristic properties, it is of

great industrial utility value.



1." A photochrom c curabl e conposition conprising (1) 100 parts by
mass of (neth)acrylic polynerizable nmononers and 5(11) 0.01 to 20
parts by mass of a photochrom ¢ conpound, wherein 100 parts by nass
of the (nmeth)acrylic polynerizable m)nomf)ars consist of (la) 70 to 100
parts by mass of a pol yfunctional polyne fzabl e monomer havi ng two to
four 10 (nmeth)acrylic groups in one nolecule and (Ib) 0 to 30 parts
by mass of a nonofunctional polyneriz&aAgMfononer havi ng one
(meth)acrylic group in one nol ecule; and nethacrylic groups and
acrylic groups in the (meth)acrylic polynerizabl e nononers are
exi stent to ensure phothahrbhie cnoabeblefcombesi ©f ot hemptiwicig/ [(T¢ 100
group is 3 to 7 tines the nunber of noles, of the acrylic grou 2.
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mass% of a bifunctional polynerizabl e nononer having two
(meth)acrylic §P8EEN 1 to 50 mass% of a trifunctional polynerizable
monomer havi ng thrigg) (BIHY 86F Mhise GEOHRS, (@@thaép%fgc%%@figable
tetrafunctional polynerizablé nononer_having four 25 (neth)acrylic
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conposition iettl)adammlic Sgrdump ojxit i cad matecndd; handng a phot ochromc
coating 5l ayer obtained by .curing the coating material of claim4 on
at |east one si denlﬁtq’fr?r%ﬁccaqr %t?‘%‘fe@c%&]ﬁ? oot dehir b ei%ur ed

product obt ajnteth jecrHri @goliRferizable monomers are existent to ensure

15 that the number of moles of the methacrylic group is 3 to

7 times the number of moles of the acrylic group.

2. The photochromic curable composition according to
claim 1, wherein the polyfunctional polymerizable monomer

20 (Ia) consists of 50 to 99 mass% of a bifunctional
polymerizable monomer having two (meth)acrylic groups, 1 to
50 mass®% of a trifunctional polymerizable monomer having
three (meth)acrylic groups, and 0 to 49 mass% of a
tetrafunctional polymerizable monomer having four

25 (meth)acrylic groups (the total of the bifunctional
polymerizable monomer, the trifunctional polymerizable
monomer and the tetrafunctional polymerizable monomer is 100

mass%) .

30 3. The photochromic curable composition according to
claim 1, wherein the photochromic compound (II) contains a
compound having an indeno[2,l-f]lnaphtho [2,1-b]pyran

skeleton.



phot ochromi c curabl e conposition of claiml.

5

65
4. A coatingmaterial comprising the photochromic curable
composition of claim 1.
5. An optical material having a photochromic coating

layer obtained by curing the coating material of c¢laim 4

on at least one side of an optical substrate.

6. A photochromic cured product obtained by curing the

photochromic curable composition of claim 1.



