1 DESCRI PTI ON PROCESS FOR PRODUCI NG A PHOTOCHROM C CURED PRODUCT 5
Background of the Invention Field of the Invention The present invention
relates to a process for producing a photochromc cured
‘excel I ent photochrom sm which is polynerized and cured i mﬂmmmmwmpl od
of time by 10 conbini ng photopol yrmeri zatibn and ther nopol ymer iizadoé on.
Prior Art Photochrom smwhich has attracted nmuch attention for the past
few years is a reversible phenonenorPEE%I%TMtai n conpound changes its
col or i medi ately upon exposure to light 15 including ultraviolet rays such
as sunlight or light from a mercury lanp and returns to its original color
when it is pl acRRO¢RSS hEORaPROBYCENGPAI RHOTOCAROMLICOCURED @RONUGT havi ng
this property is called "photochrom c conpound”. Various conmpounds have
been synthesized to such a conpound heretofore 20 but any conmon structure
i s not ob&erBad:ldgrddmise)ﬂ:ourcmLmdsentMed product s which \m““;‘mmﬂmmm ]
W t

phot ochr om s, ar. I.ne coating the surface of a
a phot ochromlpé‘ l?or?ﬁi) ‘B%}‘ ol vi ng a photochrom c conmpoyR#-i N a
radi cal Iy pol ymeri zafl é@é&@f@hv@ﬁ@i@wy@m@é RQ @ggoeuﬁtsfﬂiﬁr&a& L9,

resulting mxture (to be referred to as "kneadi ng el na te
There are knévphetenbromicrcpvedmudduelyhaviad exkky Lepd] phetozhbbmism

one i wht chBaEs 3 BeT RO LUR AR bRk Ctp °f dich Be b, 58 raRbC R )
pol yner i @bl eombioinrg pheo tapdiempat V2t i @t dabd th@hﬁnopﬂliﬂﬂér&h@‘t@.ohﬂeadl ng

nmet hod, the rg_dl cgl .y pol ynerizabl e nononer cannot be suitably
pol ymeri zed B&ERFs e cont ai ned photochrom ¢ conpound absorbs

ultraviolet rays r Pﬂ@"t’b@@zrfdﬁfisﬁﬂ"%h@.'c?xaﬂﬁgeaeftra@t%d thhaXtQEﬁttion for
polymerization initiator and devel ops color itself by the absorption of

ul traviol et fthpspagtpfeyarpanshds arreverstbbe Riien¢rg$1m0nﬁt§1aieansevta$ol Vi ng
the above pr (t ' ) er ans
an "unexam nggh‘g’%’ﬁdﬁ%@@ﬁ%gﬁée gatientr &ﬂ i%‘ %n ?’%%g %Fgg:esje' t hod
for carrdysng inaaummwmmmmﬁ))ra}&ilmm a@esmsmught obralpghtogpba C
conpound. However, the_colorallil]j tg of the obtaj ned photochrom c cured

product canndt MBECPRY, &80RGARG TRFULAR RIS RF A $AIPF wihed ddedsa
met hod whi chpgeeidnes theSdefk biyGstopping irradiation. A compoundhaving

this property is called "photochromic compound”. Various

compounds have been synthesized to such a compound heretofore
20 but any common structure 1s not observed in these compounds.

Cured products which exhibit photochromismare obtained
by coating the surface of a molded polymer with a photochromic
compound or by dissolving a photochromic compound in a
radically polymerizable monomer and polymerizing and curing

25 the resulting mixture (to be referred to as "kneading method”
hereinafter).

There are known methods for polymerizing a radically
polymerizable monomer: (1) one in which polymerization is
carried out by heat and (2) one in which polymerization is

30 carriedout by light. When aradicallypolymerizable monomer
is to be polymerized by light in the above kneading method,
the radically polymerizable monomer cannot be suitably
polymerized because the contained photochromic compound

absorbs ultraviolet rays required for the cleavage of an



-ul traviol et polynerization initiator and activation energy rays having a
specific em ssion spectrum However, it cannot be said that a photochromc
cured product obtained by this nethod is satisfactory in ternms of

"phot ochromi sm durability. 15 The inventors of the present invention have
found that photochromi smdurability grea@ly |l owers in a polynmer which is
not pol yneri zed corrpl et eigq}rsé“um ng phot opo %/meri zation. To obtain a
perfect  pol yRer T hed e beipterengend dﬂ&%@@@ﬁ CRHET t he

exposure ti mit's%l'fo'B tﬁepQQEQEBEQHhCOBQJPQFWH@i’etSr%Fé %b@%he

exposure. Consequently, when a photochrom c cured pro
obt ai ned, t h&namsoilasddry of chiglst general ly used to pol erEI’I ze a radically

e bt emely 1 ong. gsneERECHE sk Fag il AR on e, e A st

phot opol ysrer i(zale derm TI-@f 048 used®hePeOh Wit Z ahi Ahdsfam i@ pubilaghedy in
ternms of the productivi tgaof cured products. _Summary of the Invention In

view of the doHABesePatenh appldqatsion hhdisedeses %B‘etﬁ'@@rﬁqléﬁaF6Y|§P6w de
a process f oy Beu?h@&ﬁa&%trpwegaﬁciﬁgr\?ﬂeg&mEE Jw gb@promc

colorability and sufficiently high hardnéss in a short pe tirme by
di ssol vi ng ac@mmposaid orrﬁ@wetv@txpom igploratlickity @bl yheroktblredononer

and t hen | i N resu m xture nat her
obj ect of thy‘%s%l RV nf(';g 9?5%"%%%0 %’égafSPbB’rgah%f“ﬁﬁﬁ d.
phot ochr pei CWJJWWBIBJC&:Lsd\Ib@é‘s @rrﬁdﬂmbd wnﬂcﬂebembghabl an steca.fic
phot ochrom ¢ cured product _ during pol ynerization. IS sti anot her

obj ect of t hé‘l&rééférﬂlﬁmmrw“tﬁ?i&?tipﬂrb\#ﬁé:%tm%@@s% apaﬁlvm PRGTEY
phot ochroni ¢ I%tyseﬁamag%pe%r@e éﬂméﬂ SPeRTRATRL HEwkYeFO! £F %Qn?{BCEn

exposure to light inclfuding ultraviolet rays, such as sunlight or [ight
from a mercipey siaddp thatd ar Dharcnghu:@ntmec@meglu pario darct Gbl]:@d-ﬂletd”l@Y this

st oppage of e er I_es

repeated dura %ﬁ%islﬁwj’s@?ﬁéfiern g%rﬂg Ct"‘Qiﬁl’to(ﬁ%erg Eﬁﬁgﬁgﬁgﬁyt'o
provi de 1% process Theoinpendutsngf atn&lptr@@lem:nlﬁvénlt&dnm@dumowd ¢hathas
little opticgﬁﬁg¥, rtlon can be advanta eousl used 15 as a lens for
spect acl es C(Lﬂﬁ %’i%@é’seﬁ %‘ééﬁ’c 8 RPdNTESH Whikichy
becore appar gt nét%i%ﬁ et 0L baVEdiRp LOBE1Y iy QQingAﬁﬁQEgbBQyﬁlQrﬁ.QﬁtR'b?xsent

I nvention, the above ects and advant ages of e present invention are
attai ned by go Wﬁ@éé@s’-‘ﬂ@t pebimernghe qammm Sine musthle prodonged.

CONMprising poyever, when the exposure time is long, a photochromic

20 compound is deteriorated by exposure.

Consequently, when a photochromic cured product is to
be obtained, thermopolymerization 1s generally used to
polymerize a radically polymerizable monomer. However, the
time required for thermopolymerization is extremely long,

25 for example, several tens of hours, compared with
photopolymerization. Therefore, thermopolymerization is
unsatisfactory in terms of the productivity of cured products.

Summary of the Invention

In view of the above, it is an object of the present

30 invention to provide a process for producing a photochromic

cured product having high colorability and sufficiently high

hardness in a short period of time by dissolving a photochromic
compound in a radically polymerizable monomer and then

polymerizing and curing the resulting mixture.



-t he steps of: photopol ynerizing a polynerizable conposition conprising (A
a radi cal polynerizable nononer, (B) an wultraviolet polynerization
initiator having the main 25 absorption at an ultraviol et range and a nol ar
‘absorption coefficient for |light having a wavel ength of 400 nm of 150
liter/ (mol - cm or nore, (C a thernopoBynerizati on initiator and (D) a
phot ochrom ¢ conpouynd, by irradiating activation energy rays having a

wavel ength of 400 rfrh 37 aRStdhersobpechinihtheprasant davepddon ke PV ikder t her

t her nopol yneryj Eir%g:ets@efﬁg'”ﬁféhﬁﬁﬂﬂgbﬁ m 'éwroTﬁ@%uMg%Ho%&%f wi%s.bgut

the Invention Any nononer having a'ra y pol ynerizablfe group may
used as the muHivents the dedlerdgrat inmafera phed ochrond o4 cumedc o duart

produci ng a chrom duct of the present invention. Exanples
of the radi c%ﬁp‘g@%%ﬁ%t%goup i nclude an acryl oyl group,

met hacryl Byl group Iandsvébyll @icther DbhHutcale tREI R 4en ARt Z3D o
nononmer s whi ch can, be advant %qeousl y used in the present invention are the

following cAHBIAR2 BFAERSP AL SEHRI arvheft aehhemt g erre T predueds
represented Ry itdie thehkori-on achfz'Hx'Aagaei(cl)c' e%%é;ré;ih ?égﬁéﬂa&@ %E'i;ig,éut?thyﬁl

5 0 0 wherein two R 's are each 1 ndepen rogen atom or
group, A is dmclivddrgarilgrmauplode thragpy, Euchuless isunldght b ddyghltk fireme

group which nmay he substituted, . or .group . represented by the follown
formula (1)- %ﬁi%‘%/éé‘,mpc grider*%rp_s'i to \the OFAganRY ,srb‘fi‘&:l%m&%ﬁ) -
H3 20 wheoei sthdpbddge o yélkpgetra] oanar nast Bkbedleur. photdchrddaiegen atom

mis an integer of O to 5 _and a is_an integer of O to 4 indicating the
nunber of suRRARGKELHARYTeRedRRY durabiLli&Yan integer of 1 to 20, with

'([j_he provi SO t hat V"‘]ﬁ:”isﬁfi&&éx%@?ecﬁo&'i’:ﬁ@#%ﬁeﬂft i'?iv}rf@lyo @o%ﬂ%vi or
i fferent; 25 epoxy group -containing acrylate conmpounds and nethacryl ate
conpounds repy @Faness Hpn Pyodsidiag g photegharof)c cRr@d product which
has little optical distortion and can be advantageously used
15 as a lens for spectacles.
Other objects and advantages of the present invention
will become apparent from the following description.
According to the present invention, the above objects
and advantages of the present invention are attained by a
20 process for producing aphotochromic curedproduct, comprising
the steps of:
photopolymerizing a polymerizable composition
comprising (A) a radical polymerizable monomer, (B) an
ultraviolet polymerization initiator having the main
25 absorption at an ultraviolet range and a molar absorption
coefficlient for light having a wavelength of 400 nm of 150
liter/(mol*cm) or more, (C) a thermopolymerizatilon initiator
and (D) a photochromic compound by ilrradiating activation
energy rays having a wavelength of 400 nm or more as the main
30 emission spectrum; and
further thermopolymerizing the composition by heating.

Best Mode for Carrying out the Invention

Any monomer having a radically polymerizable group may

be used as the radically polymerizable monomer used in the



-ft 2U=CC04R 4 04jj 4R50-)WCH2C -CH2 0 (2) 30 wherein R 3 and R 6 are each

I ndependently a hydrogen atomor nethyl group, and R 4 and R5 are each

i ndependently an al kyl ene group which may be substituted, or group
‘represented by the following formula (2)-1: 5 H3 and ¢ and h are each

I ndependently an integer of 0 to 20; 5 vényl benzyl conpounds represented
by the follow n forgy . CH2- ~1( CH2CH2Y2 iCHZCH2Y3é J), kk CH2 1 (3)
10 wherein XPT AhP %ﬁ%?%a% ROLRORROBAE| GUFRE BLRBUGE ofi ther ent

hal ogen at omi)re\éenthn@eﬂtY.%nar eEﬁaﬁbleadSPGdee&rakmcaqriyoifwﬁﬂeé&%b(ib

sul fur atom and j, k and 1 are each i ndependentl

provi so t hat SHeMP kneleGJaI!I.ngYOOY\M@hOIJP H@thlaci‘YJlCWJOQranu akripyt k =
1 =1, Y1, Y. Y3 cannot be a sulfur atomat the sanme tine; and

Iong chain o éﬁﬁglene conpounds represented by the follow ng 20 fornul a
(4): R12 $§H 2 H s Iybidadl Rald2cali§ ﬁeﬁyﬁeiﬂ.éhbletﬁrbhomérb%fbmm
wherein R12, 3 and R14 are each i ndependent] Xdrogen atom _or al kyl
group havi ng 3AVaRtAIegYHY UBEHED g press Yi‘@%ﬁ 98 aZegrhe §PI¥9‘PW&P6up
(preferably pmpdutlagy oup having 1 to 25 carbon atons), al koxyal ky
group, aryl group, acyl group, alkyl group having an epoxy group at a
term nal, netdaanylate qamngundgrindydimethpcryninbel kpmpguods or ol eyl

7 2 i f 1to 70, 30
and Tt is an’ ihegeerq‘e’%é%@#“oﬂ%sf’“#%@%@”*?%wéli Tt when © T
10
H2C=éﬁ,0—(-A-)-n-0iC=CH2 (1)

wherein two R!''s are each independently a hydrogen atom or
methyl group, A is an alkylene group which may be substituted,

15 oxyalkylene group which may be substituted, or group
represented by the following formula (l1)-1:

B R2
—(-CHCH20 )m‘@‘é 4®—«ocnzc|: (1)-1

20 wherein R? is a hydrogen atom or methyl group, X is a halogen
atom, m 1s an integer of 0 to 5, and a is an integer of 0
to 4 indicating the number of substituted halogen atoms,
and n is an integer of 1 to 20, with the proviso that when
n is 2 to 20, a plurality of A’'s may be the same or different;

25 epoxy group-containing acrylate compounds and methacrylate
compounds represented by the following formula (2):

R® IF
H2C=(|1ﬁ0—(-R4O-)g—(-R50-)1CH2C —CH, (2)
o

30 wherein R® and R® are each independently a hydrogen atom or
methyl group, and R* and R® are each independently an alkylene
group which may be substituted, or group represented by the
followling formula (2)-1:



-R12 is a hydrogen atomand R15 is a group other than the nethacryl oyl
group and acryl oyl group, or a hydrogen atom t is an integer of 4 to 70,
and when R12 is an alkyl group and R15 is a nethacryloyl group, t is an
‘integer of 7 to 70. 6 |In addition to the conmpounds enunerated above,

unsat urated carboxylic acid conpounds, achylic acid esters and nethacrylic
acid ester conpounds, fumaric acid ester conpounds and aromatic vinyl
conmpounds nay be used as—theCH;radically pol ynerizable nonomer in the
present invention. _I rativeg ynpl es of th? ?agically pol yneri zabl e
nononmer whi ch can be &d eol used in the ' preSent invention are

gi ven bel ow. The diacryTate €dnpounds and dinethacrylate conpounds 10

ted b h f 1 | d th
i et hacry| aB8d & BT AF A3 TASREPAER YL & LEEFABFNGReRe Bl $00)
di met hacry!| ak@nyaseanae @ompﬁdﬁﬁ&@pﬂe@&té&@”&h@k@ﬂ‘i@w&hg formula

di net hacryl ate, diethylene glycol diacrylate, triethylene glycol
di acryl ate, 13) t’et r aet hyl ene gl ycol diacrylate, butanediol diacrylate,
hexanethylenedlol di acryl ate, bisphenol A dinethacrylate,

2, 2-bi s(4- met hadr yFo hQ hethoxy 3, 5- dlbronDphenybhgegHanC €, 4

2, 2-bi s(4-met ha yl oxy thoxyphenyl)propane X
2,2-bis(4-meth B R0 198 (i) qH B AN B, & (3)
2, 2-bi s(4-net ha yl oxyt¥i et hoxyphenyl ) pr opane't J

2, 2- bis(ﬂenethacryloyIoxypentaethoxyphenyl)propane The epoxy
group- cont ai ni ng acryl,ate, conpounds, and nethacré at e conpounds represented

by the above "H&4aiith 2)x i el and §f yaxeaack A ndantel s yiheaysemec oFl at e,
25 3-met hyl g'd?i%ff%\]ﬂ G3omBt hyd gwcaﬁ&af?af%%;cq %‘aesﬁgggmfig}()'

A- nonogl yci dy nethacry ate and gl yci ene
nmet hacr yl at e dmvaxygesn ahan agpe swlfgnl atomvweagtit jof k5a8d Thare repdhenzyl

conmpounds re ent e aboye f i ncl ude

bi s- 4- vi nyl b@@pe&cﬂ%}bﬁyg&f X n‘g’/fg‘én%? 85?%?288, that When k = 0, 3
1, 2- (p-vipyl benzylwnen et hare, kL 23 (9-0) redoepah t i o) gt hane=and y*, y?
bi s(p- V|nylben(¥ gxyet hyl)sul fide. The |ong-chain oxyal kyl ene conpounds
represented RP% e Pani®dy @& & Anlfym)aten|akcthel saraytthe: gppdol

met hacryl ate mpgumﬁﬂoﬁysmg@eﬁel&&ﬂﬂ&{nd@w{a&egan%a@bmé%ﬁbm hg.

pol yet hyl ene gl ycol nethacrylate having an average nolecul ar wel ght
496, nmet hyl darmulsle)hyl ene gl ycol nethacrylate 5 having an average
nol ecul ar wei ght of 1, 000 pol ypr opyl ene

R'?
20 |
H,C= c—c z—c-—c c—c—z R15 (4)
1L13 |14 .

wherein R'?, R!? and R'* are each independently a hydrogen atom
or alkyl group having 1 to 2 carbon atoms, R'®> is a hydrogen
25 atom, alkyl group (preferably an alkyl group having 1 to 25
carbon atoms), alkoxyalkyl group, aryl group, acyl group,
alkyl group having an epoxy group at a terminal, methacryloyl
group, acryloyl group, haloalkyl group or oleyl group, Z is
an oxygen atom or sulfur atom, t is an integer of 1 to 70,
30 and t' is an integer of 0 to 70, with the proviso that when
R'? 1s a hydrogen atom and R!® is a group other than the
methacryloyl group and acryloyl group, or a hydrogen atom,
t is an integer of 4 to 70, and when R'? is an alkyl group

and R*® is a methacryloyl group, t is an integer of 7 to 70.



-gl ycol nethacryl ate having an average nol ecul ar wei ght of 622 and net hyl
et her pol ypropyl ene gl ycol nethacrylate having an average nol ecul ar wei ght
of 620. The unsaturated carboxylic acid conmpounds include 10 acrylic acid,
‘met hacrylic acid, maleic anhydride and f umar:Lc acid; the acrylic acid
ester and nethacrylic acid ester conpounfls include nethyl acrylate, nethyl
net hacryl ate, bengzyl t hacryl ate, phenyl nethacrylate, tribronmophenyl

met hacryl ate, 2 -hy régaéﬁﬁﬂnrﬁ&fﬁhﬁqﬂQﬁRﬁuQ¢$feﬂqmﬂEQ%@®y¢bQ53:

”Ethacry|ateu%@@ﬁﬁfﬂﬂﬁﬁ“%d%ﬂ&ﬂjﬂfﬁldﬁﬁﬁ EeIBRLR 9i§c§ h8k aggﬁpggggés

i ncl ude nononet hyl fumarate, diethyl fumarate an I phenyl umarate; and
t he aromati c aRdnye thagrilids agid ertestgompeyundsl ofusayienacid ester

a- met hyl st yr i t [ ropenyl napht hal ene, brgnostyrene
and di vi nyl bg’%glgr?\eﬁ.nra%o iﬁesgel%r aiégéliccal‘?i;lp%gl‘fﬁ%??lﬂ‘g? em?t%ﬁl?)?re’ﬁe ﬁsbé{lﬁsed
al one or5i nradiiceliliye pafl tmerrabing anodtheOf 14 hen@bpreseardi £atbition.

pol yneri zabl e nmono a mxture of radically polynerizabl e nononers

i nci uding a diacrgﬁéﬁétE@ﬁﬂﬁGh&xGWP&FﬁePﬁaEP9lEfé%ééﬁﬁﬁuhﬂlY@ﬁFégéhﬁ@d 25
by the abovenoaofidra villch dith SR RURse 6801 #8588 fﬁrgxétﬁ eggfROUNd or
e a la ( ahd°3

met hacryl ate conpound represented by t ove “fornu
| ong- chai n o}xpaerniione axegeivrah ragkawent ed by the above fornmula (4) and a

m xture of radical p ' I oner s _ingl udi a_di_acryl ate cqQnpound
and 30 a dinethac#éﬁd?%gggg%éggdgwﬁﬁggggifgﬁp§§m?ﬁ§g55338%90¥ﬂﬂP8un§§) and
an epoxyl@r ouppresientedigy aheyddwe €0FMAlAd 10F indBhha@E tHya oy8d1

r epr esent ed 8% t he above formula (2). are preferred in view of the physi cal

properties s@eMeibacrydatan dhisthiens 191ycehadine thageydatprent - col or
fading 8 of +3tededth 'éﬂ@“&lf&gfﬂdE%LEHhé¥§I§$§1Zﬁﬂg?ﬁeaiéiure of a

phot ochrom ¢ conmpound which w il be described hereinafter and a radically
pol yrrer i zabl dimekbasrylafe othexangthylengdtobodimethaatydateni ti at or

havi 5 t hg, g ' LLr ayj d |

absor pt i on oPTrRIEEReEre ol adactiphed Lo Bhul SRR o R b1 ate0

1{ 5 nol fcllﬁ t ortelrturaet_nwltemergnygjtqzt Eﬂitatm:hﬁmnmutmwibﬁndia?gmaﬂte,
ultravl ol e olynerilz Lon .1 ni at or avl n e nmal n apsor Ion at a

vi sible ranggeﬁﬁm ﬁiﬂqﬁhyé} q%%ﬁﬁﬁﬁxéaﬁﬂpﬁﬂﬂﬁ(ﬁﬂﬁ%ﬁﬁé&%ﬁFﬁHaEPoduct
is colored di 9ag¥@naaRANHE PRIk} BRI CEL Lotk )5}9%9}5 s

- opRpS
phot ochromi smto devel op col or because the ultraviolet ‘polymnertzalion
initiator it8el .2sbd@(draethagnaylogysthexyphenyl bbropaneyneri zati on

| it ator has ;a50kals (ARYHA Y roy 18I d1 Sty Riny 1 AREoPRNL N0 @ wavel ength

20 2,2-bis(4-methacryloyloxytriethoxyphenyl)propane and
2,2-bis(4-methacryloyloxypentaethoxyphenyl)propane.

The epoxy group-containing acrylate compounds and
methacrylate compounds represented by the above formula (2)
include glycidyl acrylate, glycidyl methacrylate,

25 pB-methylglycidyl acrylate, f-methylglycidyl methacrylate,
bisphenol A-monoglycidyl ether methacrylate and glycidyl
polyethylene glycol methacrylate having an average molecular
welght of 538.

The vinylbenzyl compounds represented by the above

30 formula (3) include bis-4-vinylbenzyl ether,
bis-4-vinylbenzyl sulfide, 1,2-(p-vinylbenzyloxy)ethane,
1,2-(p-vinylbenzylthio)ethane and
bis(p-vinylbenzyloxyethyl)sulfide.

The long-chain oxyalkylene compounds represented by the



than 150 1/ (nol ocm though it has the main absorption at an ultraviolet
range, it is difficult to obtain a cured product in a short period of tine
because cl eavage thereof hardly occurs upon exposure to activation energy
rays having a 20 wavel ength of 400 nmor nore as the nmain em ssion
spectrum | n other words, as the photoch”onm ¢ conpound general ly absorbs

ultraviolet rays having a vel ength of 380 nmto 400 nmto develop col or,
it absorbs a@ q}‘éﬁifcﬂ‘F"g-Hﬁ\é@)r&@é’ Podyethylant ddvealagetbpanydate

ultraviol et PEIYARS | dfladdrade!h8i8bu142 WeiBnthee 894l { ndidly il i Lavage

of the ultraviol et polynmerization initirator hardly occurs an
pol yneri zat i @elyethiviene ddynslenethaorulshehiaypng ed aferage molleeu lishe

) ; ve I . i | . |
ool yror i vat | Qe R D08, sld A LSl ho Ay Bl bR, 4 B Brtbicrvaats: s
di sadvant 8geqisting dr raardreldd nmoplledilldr aidight W 1310005 N yRe opyicdrd

into a self-cleavage type and a hydrogen extraction type. An ultraviolet
pol yreri zat | S-YGR L iBghacrylate| BeYLRgt §peavpFagenmpdercplageyelght of
conj unction vdidafaRiRFeERShbrafs: ' | sed
as this phot \cl)usengi tizer. V\%e% tZEﬁHe %%bé%%ggﬁ%@ﬁ%éﬁﬁgggﬁﬁq%&
col ori ng of tadme ayetggermbbecnbarnwekghit dfie6@0cre, an ul traviol et

pol ymeri zati on i nitj.at -cleavage t is_preferabl sed. Qut
of ultraviolet pol ;ﬂ% ﬁ{znaﬁol%%iﬁ%‘i i %?51?%"%‘??'3 ngfif 98?‘_88}‘7‘3_85 E‘éﬁg,u%e

a- am noallky| prandke hedd] méthavrpliet adod y mMRiliedd afRydph Hedd9d Fumaric

acyl phosphi ne oxi de-based wultravioglet polynerization initiators and

bi sacyl phosptfit: SRHYABEELHC uRE1AvPBFRT BBAy REtPAFTYIA G Modidaedtterare 10
preferred beciifgoddies Obi&lned ﬁ&fﬁglpaeﬁg%%eef fhethy10Melthac daste,

transparent. The preferred ultraviolet polynerization initiator | not
particul arl y bengylednéthacyylate . erhepiydsmethakeylaiter,atird/betomophenyl

POl YTEr 220 Ul e IO RS, DL G0,
i ndependeBt | ymetireddylatgrand urethine (morates; Al futariomcifl iestédor 3,
fﬂg Egl o qr}%{%n‘gé 3%%1%%3‘350%%%t%&%ugﬁmgggtg? Dungs, epresented oY
diphenyl fumarate; and the aromatic vinyl compounds include
styrene, chlorostyrene, a-methylstyrene, vinylnaphthalene,
isopropenyl naphthalene, bromostyrene and divinylbenzene.
20 Theseradicallypolymerizable monomersmaybe usedalone
or in admixture of two or more.
Out of the above radically polymerizable monomers, a
mixture of radically polymerizable monomers including a
diacrylate compound or dimethacrylate compound represented
25 Dby the above formula (1), an epoxy group-containing acrylate
compound or methacrylate compound represented by the above
formula (2) and a long-chain oxyalkylene compound represented
by the above formula (4) and a mixture of radically
polymerizable monomers including a diacrylate compound and
30 a dimethacrylate compound represented by the above formula
(1) and an epoxy group-containing acrylate compound or
methacrylate compound represented by the above formula (2)
are preferred 1in view of the physical properties such as

photochromism durability and color development-color fading



‘0OCHR/I O0N<\,--/ CGCA-N(5 | HCH3 R wherein two R7 's are each
I ndependently a nethyl group or ethyl group, conpounds represented by the
following formula (6): 10 (7) R 5 wherein a plurality of R0 s are each

‘i ndependently a methyl group, nethoxy group or chlorine atom f is 2 or 3
and R*" is a 2,4,4-trimethyl pentyl group &r phenyl group. Illustrative
exanpl es of the uItraV|oIet polynmeri zation initiator which can be

advant ageous|8f @ egref predued prbet@érmted WYe Poilymeay zing @ mistiwleetof a

I t i c r n.u tra aol_et range
ggdygeggfgrlgggggg%%on Loe I'cl en ?evﬂ?éﬁig£§£h§é|§85§r1§89ebgﬁﬁ 5% ©X00 nm
of 150 Iitermmdﬂa(nadinalﬁyepa&gmqwﬂaablbehomoméE

a- am noal kyl phenone- based_ul t.r.avi o] e ner|zat|on |n|t|ators (D
3 benzyl - 22 df et hy CEh RE-F (L ERATARNS BRI L2 Ao - E AR BRYADE ne

oxi de- bassd WHe adid elbsdpEsh Zat | &7 u?@réﬁlbléﬁoiﬁngélhnd a molar
2, 6- dlnethylbenzoyldlphenyl hosphi ne oxi de , 4,
trlnethylben ng%%&qhﬁptyfpgéllggy having a wavelength of 400

2,6-dichloro e, .(4

2, 6- d|rn::thoxy(ﬁ{;nzoyllc?0 E %(ﬁghosgﬁgﬁégétgd%sZ%QBFEEC?FpﬁSS5RFn8;&ﬁQﬂ§-based
ul travi ol et mmWanrmdmu|MMemlmmluntraVﬁg?ét po%yﬁfriiﬁtion igitiator

bi s( 2, 6-di met hoxybe - trimet pentyl p osp i ne oxi de

bi s(2, 6-di e %‘ﬁy ﬁ%%@“ﬁﬁ%%& Yesdyp mﬂ%éfoﬁuo&en(fepr

bi s(2, 4, Pot r mBthwlhanzey) )tl'?e %ﬂotééhf‘&hf'&” «E&BB&' Béeaaeltngs%b%r(e@
bi s(2, 6-di chl orobenzoyl ) - 2, - trinmethyl pentyl phosphi ne oxi )

bi s(2, 4, 6- tr@*@tW%’@rWH%WIfﬂﬁ@sbhﬁrﬁ\QﬁQ@@M@qmnm ekbtlbits
pol ymer i zat i g didH Hnish "B dvdS c818P°8bakile CRHR B2ta013h 60 OF

nor e.
polymerization initiator itself is colored. Further, when

anultravioletpolymerizationinitiatorhasamolarabsorption
15 coefficient for light having a wavelength of 400 nm of less
than 150 1/(mol*cm) though it has the main absorption at an
ultraviolet range, it is difficult to obtain a cured product
in a short period of time because cleavage thereof hardly
occurs upon exposure to activation energy rays having a
20 wavelength of 400 nm or more as the main emission spectrum.
In other words, as the photochromic compound generally absorbs
ultraviolet rays having a wavelength of 380 nm to 400 nm to
develop color, it absorbs activation energy rays required
for the cleavage of the ultraviolet polymerization initiator
25 with the result that the cleavage of the ultraviolet
polymerization initiator hardly occurs and polymerization
cannot be completed in a short period of time. When the
activationenergyraysisirradiatedforalongtime tocomplete
polymerization, the deterioration of the photochromic
30 compound occurs disadvantageously.
Ultraviolet polymerization initiators can be divided
into a self-cleavage type and a hydrogen extraction type.
An ultraviolet polymerization initiator of the latter type

1s generally used in conjunction with a photosensitizer. An



The amount of the ultraviolet polynerization initiator 5 differs according
to polynerization conditions, the type of the initiator and the type and
conposition of the radically polynerizable nononer and cannot be limted
unconditionally but it is preferably 0.01 to 1 part by weight, nore
preferably 0.05 to 1 part by wei ght base® on 100 parts by wei ght of the 10
radi cally pol ynerizabl e nononmer. Wthin the above range, a cured product
havi ng suffi WHRAND i Fane 2 bhY Jesed. as THeispbphphedengisdzpiraduct

i s excellent yhan r i i I T r ri ion
initiator us%dneﬁﬁegﬁéggﬁéﬂﬁﬁ?#viﬁg iecq)i(r)i ?éen%l?fgiéggiéﬁ%ﬁ?ﬁffn%%gd and
any known t Pediymest yoegomes imarked t | Shmrefiorde asadltiavislet

advant ageous t her I pzation_dnitiator which has  a tenperature at
ani on the_ naPPaimed e TR LEahe B e e et £ Bl tngn W ir SeFRTBTERIgen | o
hal ved byst haiségtonpati bifom12ea8fidilea: igyliynid i z2E16h CEA{ 4 Dt bBEPSEALUr €)

of the initiator is 10 hours of preferably nore than 40C, nore preferably
nmore than 50 seliingdieavirge difre ataraminogkkyiphéronalbaseficultsat@ohenrs is

hi gher than ylell8 1 ' I 00t S, ) i s hard conposed
by polynerizggﬁgnIu%ﬁiggﬂggﬁgygﬁgg&ﬁi?i%%y%ﬁ%%%g%géﬁe§FggFiéﬁ?g§hereby
F'hOt opt?lr]yrre[)'ﬂljé;m'aqliaimt. t tplodymepd] ® zyatdragamd:riact@nnéanpr bﬁea?y\ll.\ﬁhoﬁbﬁiﬁaﬂ? .

i me, ere [ i t. PASSI 0.0 in a cu roduc iC as hig
photochronis#ﬁ?%éﬂﬁ%%%%/ 5f?¥i§#?§ B Y%%Fi§?£g9ﬂ.9?ﬁéiaﬁﬂﬁﬁ BIRit of the
tenperatloe preferdedBethastatiie lobtaidfed BArkAYFORO: YRz aEhPBmhRiEI at o
is 10 hours is not particularly limted but comercially avail able

thernDpoIynePPfaﬁqﬂ¥§Hﬂ¥9%ﬁors general |y have a tenperature of 100C or
ess. 111 ustrativesgeagpbesrebaldfe {AP1 SPOPIIRAGAL A4 I 1pli VAl LG v Ch
P nvent el ow,

can be advantageously used in the present i Ion are given
di acyl peroxingds pagtibciardky | limited deut St¥Ricatt aramplpsr ofi dhe( 3)

| aur oyl per oxi cetvl peroxid per sters; (1) t-butyl peroxy
oy, P Ol SRS o PREPLGESLORS (ko

1,1, 3, 3-1®t r awpiriewented mor ke ESIIWiNgxpopmaEa oshers; (1)

azobi si sobutyronitrile

/ i
0 N C—C—N (5)
20 _/ éHzCH3\27

wherein two R’'s are each independently a methyl group or ethyl
group,
compounds represented by the following formula (6):

23 (R®)e

ﬁ 0
C— (6)

£9

30 wherein a plurality of R%'s are each independently a methyl
group, methoxy group or chlorine atom, e is 2 or 3, and R®
1s a phenyl group or methoxy group,

and compounds represented by the following formula (7):



(2) 2,2-azobis(2,4-dinethylvaleronitrile) 15 These thernopol ynmeri zation
initiators may be used alone or in conbination of two or nore. The anount
of the thernopolynerization initiator differs according to polynerization
conditions, the type of the initiator and the type and conposition of the
radically 20 pol ynerizabl e nononer and cdfnot be linmted unconditionally
but it is pref erably 0. 001 to 10 parts by weight, nore preferably 0.01
to 5 parts by wei ght b&8&d:on 100 parts WR*%ei ght of the radically

pol ynmeri zabl e. nmononer. |Any phot gchr om ¢ donpound nmay be used in the

present 25 inventi on soﬁbs_%l siBfe\l i ght when it devel ops col or.
\absdr ‘

Descri bi ng specifi cal{ Absa si bl e light(7a photochromc
conpound whi ch has an Arptionﬁspectr\ y a wavel ength of around 400 to
480 nm devel ops yellow to orange™ col or, a photochrom c conpound which has

an absor psi owhdredpeat plural igynes t'éngt iir&fe 10U <Pithdeh 5P aibEgye! ops
red to purple color, and a photochrom c conpound whi ch has an absorption

spectrum at SRRl ARFHPXYE FHWHMPH I ER atemdehel®dp2 ourdland RYI ue
col or. TheseighgtQQW}ﬁﬁﬁifMg%ﬁ&%PEh e IlLe they are used
in conbination 13 of two or nor sdg?ﬁaﬁfggﬁtggﬁbﬁ?ﬁyémghgﬁpés gray, brown
and anber can be @Bilaistadtimenmiamplss tdR hetwitranicledbnpound which is
advant ageous ed.in. the present. invenfion are a chronene 5 conpound,
ful gi de or f%%6&%%%%%%5ﬁﬁﬂnﬁ?é§é%gﬁﬁrﬁk&%&iﬁﬁn B8 pdvARtagRguUR LB HSed
conpoundlhavilimg thechrement ilokatoonaad tREOGDEREAPNHIBLBY1PRerEdtaSnt NE
chronmene conpound. . Il ]l ustrative exanpl es of the chronene conpound are

given 10 berdwtietemshpvdpecihe main abgrepfionpban slireviokaterapge

5-t-butyl -2, 2ndi Rheidlar? BN 105 EQSRAE % 31
spiro(norbornane-2,2'-(2I—I)benzo(h)chronene§i % for light having a

spi ro( bi cycl ¥Ryed-engtdnafed 00 nm cFHL6Onkbtarfkmodeam) ofSndrs are given
7'-nethoxysp5%g jcyclo[3.3. 11 nonane-9, 2' - (2H) benzo(h)chronene) (6)
3, 3- bi s(3-fl Uor 0- 4- net hoxyphenyl ) - 6- nor phol i no- 34 benzo(f) chronmene (7)

2, 2- di met syl azam&wamcyi)ﬂ:@};&(éJwéﬁémeaﬁtﬁéivfezekngwyﬁemeufeioﬁavi ng a
ful glde skeliégn and sEhotochromsmrray be used as the ful gide conpound.
[llustrative 5%&@&? f the f ul gi de conpound are given below. (1)

N'”Ethy|'6171dbhﬁdH%HQYIﬂiUdfﬁg{H¥f%$&no-1-(4-morpholinophenyl)-

butanone-1
acylphosphine oxide-based ultraviolet polymerization

20 1initiators: |
(1) 2,6-dimethylbenzoyldiphenylphosphine oxide
(2) 2,4,6-trimethylbenzoyldiphenylphosphine oxide
(3) 2,6-dichlorobenzoyldiphenylphosphine oxide
(4) 2,6-dimethoxybenzoyldiphenylphosphine oxide

25 Dbilsacylphosphine oxide-based ultraviolet polymerization
initiators;
(1) bis(2,6-dimethoxybenzoyl)-2,4,4-
trimethylpentylphosphine oxide
(2) bis(2,6-dimethylbenzoyl)-2,4,4-

30 trimethylpentylphosphine oxide
(3) bis(2,4,6-trimethylbenzoyl)-2,4,4-
trimethylpentylphosphine oxide
(4) bis(2,6-dichlorobenzoyl)-2,4,4-
trimethylpentylphosphine oxide



benzo[ b] t hi ophenedi car boxyi m de-7, 2-tricyclo[3.3 .1.11,7 Id 25 ecane (2)

N- cyanonet hyl - 6, 7- di hydr o- 4- net hyl -

phenyl spiro(5, 6-benzo[ bl t hi ophenedi car boxyi m de-7,2-tric yclo[3.3. 1.
13,7 ]decane (3) N-cyanonethyl -6, 7-di hydro- 2- ( p- met hoxyphenyl )-4 30

met hyl - spi ro(5, 6- benzol[ bl t hi ophenedi carbdlyi m de-7,2-tri  cyclo[3.3.1 .13,7

| decane (4) cyanonet hyl - 6, 7- di hydr o- 4- net hyl spiro(5, 6-
benzo[ b] t hi offen&Fitler THH@WhSlewwﬂbpheeylm osphing ozddee 14 (5)

N-cyanonet hyl - 4- cy @heORY tr%fogégﬁgﬁmfl%%i%e :_LLn?'LEi?tfﬁs meagallg]eeufg,)d

benzo(b]t hi ophenedi car boxyi m de-7 trrcyclo

N- cyano- 4- cy dlompreomzt -i6) Gatithi/mhtben rof Stwo Sor more.

benzo[blthiophened ar box ric cl 3.3..1 13 ecane
N- cyanonet hyl - 4- cy Sp?%%éflg]é’déta?h% P polymer:l.zation 183%8ats

( p- et hoxsphm)ﬁf)ei:m h@b@t&iﬁ)@lta[@élﬁh@?ﬂ@ﬂﬁﬂbﬁa&@ﬂditﬂbns the type of
de-7,2-tricyclo[3.3. 1.13,7 ]decane 10 An¥ known conpound havi ng a

spi r ooxazi ne tiEeladsiatoF aphotBentrpe sap nregkietenef fhesprAderaiivne

d. I [
gglrrg\(/)vun( ) 1 ﬂdg.%&r{jefitngitéﬁolﬁ(ﬁ%o gféggr@i@bt %B(i&&n&%e%OHHBHHQi@ESnQ'l‘i‘%“

nmor phol i nodi dpitr Jbtd;ﬂ:p@hé)ea‘n@aly G. 01 39 Lrpt e b wélght 3fore preferably
- (3H) napht th)S

1,4)0
6 -f| uoro- 1" O%ﬁ% 01?’ I n?&{%ﬁ 5ASPA GRekQReparts by weight of the
- (3H0 ndela@izial13; !dbifyine(r&hl)amwﬁhbﬁb&e%— a) WitALaxegb abdVe 2drgd, a

6 -quoro | " -1 sobutyl-5ff-nitril edispiro(cycl ohexane-

- (3H) i nd§Ees prodpelhaving sufificiently high bandnessd)s ehrained.
4 5 di met h
(3H 1 ndol 6 27 LS L F PR S A 1S AL n e i e epmaipnt formi vy
| ' -isobutyl - #ndacelentril edi spi ro(cycl ohexane 1,3

3H)i ndol e-2' - (2 1,4 Lne)

ES' H12: Uo(r)o-el m(st h%caé%ony?ﬁﬁi §?‘Faﬁé%ﬁo’$§/£€f§2£g§ usédln the present

pi peridi Jri]mﬂl varem(taw;i gfn?)tftnﬁ ﬂa),ﬁ%%é@ﬂrnﬁo%lfmiteﬁlzhﬁhgégyt klno‘ém vl - 6
-(3 t oxazi ne -fluoro-1"-isobutyl-5"-nethyl-6"-
ngrmgfifnod?gﬁqrﬁ%m jomg: ir(é'{-&%%maz be used. It is

(2H), 3 f - ( SHaERRN T ed R o DGR I yrlde1 20P¥0E Ph1ED8+BROLASBHORLS

conpound is suitably
a temperature at which the half-1life (the time elapsed until

the amount of active oxygen is halved by the decomposition

20 of the initlator at a certain temperature) of the initiator
is 10 hours of preferably more than 40°C, more preferably
more than 50°C. When the temperature at which the half-1life
is 10 hours is higher than 40°C, the thermopolymerization
initiator 1s hardly decomposed by polymerization heat

25 generated during photopolymerization, whereby
photopolymerization and thermopolymerization do not proceed
at the same time, thereby making it possible to obtain a cured
product which has high photochromism durability and little
optical strain. ;I'he upper limit of the temperature at which

30 the half-life of the thermopolymerization initiator is 10
hours is not particularly limited but commercially available
thermopolymerization initiators generally have a temperature
of 100°C or less.

Illustrative examples of the thermopolymerization



~sel ected according to the strength of developed color. It 15 is, f or
exanple, 0. 001 to 1 part by weight, preferably 0. 01 to 0.5 part by

wei ght based on 100 parts by weight of the radically polynerizable
‘mononer. Wthin this range, polynerization is liable to be conpleted in a
short period 5 of tinme and the obtained dixed product has the sufficient

col or strength of, the photochrom c conpound and high photochrom sm
e i

durability. Ribwiai%h AP RFTRIERICARALY s ugefeiBadbeapamsent
ultraviol et lighntsOrdedtgiveh rsyieyet [ight stabilizer, 10 antioxidant,
color protection agent, antistatic agent, fluorescent dye, dye, pignent and
perfune may KEaqyk pexoxi@e3ained in the pol ymerizabl e conposition used in
the present ,inv i i red. The activation energy rays irradi ated
in the pr esen(tlr) %@é%ﬁﬁ%ﬁ&%&s have a wavel ength of 400 nm or nore as
the mai n5em(x) wetzeayl uwerdkbdet he main em ssion spectrumof the
activation energy, rays js bel ow 400 nm the photochrom c conpound which
has devel opeg%@olltﬁu%:lﬁior%%r‘?%d%ctivati on energy rays f or the cleavage
of the ultravigl elcdB}y FeFatd®n 20 initiator and the cleavage of the
ultraviolet polynerization initiator hardly occurs, thereby making it

i npossi bl e t PexreFpleg®er®i ynerization in a short period of tine, because

t he phot ochrqgmnic _O(m)‘%_ r s ultraviolet rays having a
wavel engt h 018@380tct0 S{}genmé %5@ ?iée{)/%?ggégggor. When 25 the activation energy
rays is Loradizt eo-dutyrlpetaxy bemeodte conpl ete pol ynerization, the

phot ochrom c oun det eri or ates_ di sadvant ageously. A |Iight source which
enits acti vat(%grqrﬁvﬁe'r T%@?%F%lb‘ét%BQF@ﬁﬁrR‘GFKXéOhﬁFﬁa@Pa#@re as the
mai N eni ssi optyeaesum 30 nanmely, a light source which has the main

em ssion spectrum of a visible range may be used as the |ight source used
for the irrddia@zabigisohutyronbtrbheenergy rays in the present

i nvention. P e, Whi i jyation,energy rays having a
wavel engt h \(;\? ezzs' it%e}no%%(%r# ‘é@itﬁ%%ﬁf%{r%l%%ﬂ&é%?g%?% spectrumis used,
an ultralbol et cut Thielsecthésmopelyhertuatiohfimrt farthenbiderciédatons

energy rays having a vel ength _of I ess than 400 nm thereby making it

possible to é’lfpﬁ’gs"som%tc{:‘%bﬂﬁev_é? opfefPT8f the photochroni c conpound

and to 5 use even ane Giﬁoxﬁfﬂlfdiem%&fﬁnéﬁo%gé%ikaﬁiéiﬂ' DH1REREYRLT ON
n

energy rays having a wavel ength of |ess than m However, 1t Is not
necessary t o 9d&HEARR acgording spckelymesizatient ¢emdlnbonsm tie L yipeght

source in theraChndle1G¥drdn@PERE! {fe UMk composition of the radically

20 polymerizable monomer and cannot be limited unconditionally

but it ispreferably0.001tol0partsbywelght, more preferably
0.01 to 5 parts by weight based on 100 parts by weight of
the radically polymerizable monomer.
Any photochromic compound may be used in the present
25 invention if it absorbs visible light when it develops color.
Describing specifically the absorption of visible light, a
photochromic compound which has an absorption spectrum at
a wavelength of around 400 to 480 nm develops yellow to orange
color, a photochromic compound which has an absorption
30 spectrum at a wavelength of around 480 to 550 nm develops
red to purple color, and a photochromic compound which has
an absorption spectrum at a wavelength of around 550 to 600
nm develops purple to blue color. These photochromic

compounds may be used alone, while they are used in combination



the activation energy rays may include activation energy rays 10 having an
ultraviolet range of less than 400 nmas far as the main em ssion spectrum
thereof is a wavel ength of 400 nmor nore. Al though the photochromc
conpound devel ops weak color with the activation energy rays having an
ultraviolet range and absorbs part of tB& activation energy rays in this
15 case, it can transmt substantially the activation energy rays having a

wavel engt h oPTAGHONRF JPOFR I dhd tcaguEradvEintEesurhrasyigsiast. paoymeandat i on
initiator, WY 4P| ydreds €8 é)ﬁ and curing proceed. Illustrative

exanpl es of the 1ight source which can be 20 advantageously used in the
present invention Emﬂmnkasaqﬁntne phad i atch it e ¢mmpmundiﬁh£enr£ssure

mer cury Ianp, [Essy ur | a supe hi ressure mercury
| anp, ~bact efl é;l}‘dlq{] qo or}‘lps n%hﬁrﬁip‘%fﬁ‘@g 1PD \Réh 2achrppPeng ch
as a metab halompoumIp mrlghlcgél ﬁeﬁlsltjﬂnﬂ@écawpbaﬁa 3RA0Ep1PbeRak1 ARt

sources emt ultraviolet rays and visible rays sinultaneously is used, an
ultraviol et COMPAYR%r or the like nust be used to cut or reduce

activation energy K sure time
di ffers according tg’&tsr]\égl%\\/‘\a/a@e éﬁnﬁﬁlé 318&4{31%{ mt‘g‘?\&gﬁ'y of ?:g]gﬁfgﬁr%%&a | i ght
source and tm@QﬂﬂqhxqmﬂBm(mnunbaLMﬂndommpbhenchromeaecuomﬂonndduct, it is
preferably ned b ut ellnlnar erinents.

General |y spg&é %ﬁﬁyﬁ ?%?Wéiﬁ# %@ Eh rg$5??ﬁ§?|9 ﬁnéaﬁrebgiﬁﬁ&e nuch
shorter Imanbdruwcwﬂy t her mopol yneri zation is 17 carrled out by carrying
out exposure for .. 5 to 100 m nutes. Wien exposure to the activation

energy rays i(¢ céﬂ%%ﬂPrQRﬁl 2 e Vephrnnt v2B-benzathighsdmeneduct i s
general ly rai(eg dSJ%/Hﬁﬂﬁﬂﬁﬁ'iiﬁiﬁﬂhﬁfﬁlﬁa ﬁeﬁggghzﬁegomgggn t he

polynerlzatlon 5 tenperatur’e rises too avage of the
thernDpoIyneﬂﬁiaﬁpmrqGnqrhnnnanﬁxzu% {W2mbqueo(hachnomhneo wher eby
photopolynerl |zat|o t the, s ti me. \Wen
photopolynerl 3%%%} pd%ﬂﬁiﬁ%ERWQJ {Z%fb?%ﬁ°§%ﬂ€§F?ﬂﬁPe?he
phot ochrDbari sm5)10 d-mfeaihdxytspnfo(t‘rhﬂcgfkk‘mmm Dmﬁoﬁ§ﬁ6d9PEOdUCt obt ai ned by
polynerizatlgg mers agd the optical distortion thereof becones |arge
di sadvant age m the tenperature of the cured product of
the pol ynerizahl g, ﬁW%ifﬂfbed%ﬂMfﬂ? ' et han the
15 half - Ilgegtenperature of the thernopo ?gétﬁgﬁbgﬁhéla#or Po
suppr ess theprG@d@&QR¥Qﬂen¢mwnDpoIynerlzatlon during
photopolynerl tIo oduct_h it tical distortion and
excel | ent opt aI’ argﬁﬁgSggf{céﬂﬁﬁﬁyéggigénzo {£FehPonéie

20 Any known compound having a fulgide skeleton and

photochromism may be used as the fulgide compound.
Illustrative examples of the fulgide compound are given below.
(1) N-methyl-6,7-dihydro-4-methylspiro(5,6-
benzo[b]thiophenedicarboxyimide-7,2-tricyclo[3.3.1.1%7]d
25 ecane
(2) N-cyanomethyl-6,7-dihydro-4-methyl-2-
phenylspiro(5,6-benzo[b]lthiophenedicarboxyimide-7,2-tric
yclo[3.3.1.1%7]1decane
(3) N-cyanomethyl-6,7-dihydro-2-(p-methoxyphenyl)-4-
30 methyl-spiro(5,6-benzo[b]thiophenedicarboxyimide-7,2-tri
cyclo[3.3.1.1%7]decane
(4) N-cyanomethyl-6,7-dihydro-4-methylspiro(5,6-
benzo[blthiophenedicarboxyimide-7,2-tricyclo[3.3.1.1%7]d

ecane



obt ai ned. Consequently, it is preferred to suitably set 20
phot opol yneri zatl on conditions to ensure that the tenperature of the cured
product shoul d not exceed 500C during photopolynerization. To this end, it
is preferred to select the intensity of the activation energy rays froma
range of 1 to 2 kWand the distance betwen the cured product and the 25
activation energ% rays froma range of 10 to 100 cmor to cool the cured

€

product as réqdi FeGYRRER AN S PRIRPEET§ vAT ARy aresBiTeh§s6is to be
i ed t, temly _i t 3,7
carried out, pahzb§dy th;%ﬁerﬁé@.é&ﬁ&%ﬂ{ ﬁ? S@:f)g?%rgléﬂﬁga . gel

<1°-71d
transparent, and glass is preferably U I on. artlgularly,
a material wec@Reeasily transmts ultraviolet rays such as quartz glass is

preferred but gny,_nateri gl he u if_ i1 1s transparept.
Polynerizatigganﬁygggggéghég?&?Rjo fﬁy{nii&X§E9?895§E5rga fromthe
out si de dir i benzol[®i]tg 1 opMdrad It Fi PR JETEY | Zat+ 08y8Yo £3PIS UL 831794t he 18

activation energy rays, thernopol ynerization is carried out byheating. In
t he producti 8f2PPocess of the present invention, prepolynerization is

carried out Qy)phqbggg ﬂy%u4€§¥éﬁgﬁégﬁif_@f71gfh%&£ggkgtion of

activation energy rays and then atiron 1s tonpl eted by
t her nopol yned pzaeitivoxyph eyl ) spl r &SHoré ~hemeo pb Eplol gpeenedicanbosydtmdr i ed

out by photgpolyneri zatian rehys, total polynerization tinme can be
reduced. Wheggthéggﬁag%xééqQ§£§2§;ﬁétighcﬁ%f prepol yneri zation is carried
out by tigernopol ynRayzhowa, cdfipGus@iisfacd & ¥pdtooskapiadlusketabatl aRg

obtained in a short period of tinme and nuch tine is taken. Qut of the
condi ti ons oPPREQCATOMASM A% ke 4ged afitthersRiroerazingdrampeonngt t he

activation engngytka¥ive éﬁgmﬁiaw@tmgsﬁﬂrw LHEH&%&W&M%%%?%H es

of the 15 obtai ned photochromc resin. Si'hce this tenperature fon is
i nfl uenced bpellbw.t ype and anmount of the thernopolynmerization initiator

and the type of the.adi.call Pppl ynerizabl e nonomer and cannot be limted
unconditional‘ﬁ},rl it i§#§§§%g%%§¥t€¥aﬁﬁﬁ' t” a tenperature higher than the

heat 20 Enemairpho liaoddrsiiie dGiclditexdrk of , 3 he(3n) addaleon’ of 2t1hes”

activation ener rays.and to term nate thernopol ynerization at a high
tenperature.'igggﬁépéﬁﬁ#%ﬁﬁ%ﬁﬁQ%ﬂﬁEQ*ﬂ¥%ﬂ%b differs according to various

L actors sang23s gt eFRYHIL1E %ﬁfi%méfﬁ&&iéﬁl‘i’?kw@m egdhbabl y
eterm ned according to these 25 conditions. Cenerally Speaking, a nethod
in which thelt@npdBidindolies g (RH Y =BH tnapktle (3e2fadhi 98)0%az200C in
1 to 180 niggtes fromthe tenperature right after the end of

20 (3) 6'-fluoro-1'-isobutyl-5"-nitriledispiro(cyclohexane-
1,3'-(3H)indole-2'-(2'H)3"-(3H)naphtho(3,2-a)(1,4)oxazin
e)

(4) 4',5'-dimethyl-1'-isobutyldispiro(cyclohexane-1,3"’-
(3H)indole-2'-(2'H)3"-(3H)naphtho(3,2-a)(1,4)oxazine)

25 (5) 1'-1isobutyl-5"-acetonitriledispiro(cyclohexane-1,3"'-
(3H)indole-2'-(2'H)3"-(3H)naphtho(3,2-a)(1,4)oxazine)

(6) 6'-fluoro-1'-methoxycarbonylethyl-8"-methoxy-6"-
piperidinodispiro(cyclohexane-1,3'-(3H)indole-2'-(2'H)3"
-(3H)naphtho(3,2-a)(1l,4)oxazine)

30 (7) 4'-fluoro-1'-isobutyl-5'-methyl-6"-
morpholinodispiro(cyclohexane-1,3'~-(3H)indole-2"-
(2H),3"-(3H)naphtho(3,2a)(1,4)oxazine)

The‘amount of the photochromic compound is suitably

selected according to the strength of developed color. It



‘phot opol yneri zation and that tenperature is maintained f or 30 10 to 300
m nutes to conplete polynerization is preferably enployed. The production
process of the present invention nmay be a known cast polynerization
‘process. Stating a typical exanple of the process, a polynerizable
conposition is 19 injected into a space 1¥tween nol ds nai ntai ned by an

el astonmer gasket or spacer, exposed to the above activation energy rays
to be cured ar®l fiR% K&aAMRHead O\ OlhEenbppr ey Maight byprefientdiy Oafd t hen

the cured progyicd & ; T of,0c ' r roduct tai ned
by the process of ts%éeé%reg%%%wlgseﬁtg?gﬁ %yagg%éfglﬁeﬁgs%ﬁggzﬁe&%?éc e
foll owi ng trezaderally cpotiymgrivable mppbmeati oWiphiposhis Fhagei,s,

processi ng or d t reat t. such as dyein sing a_di sperse dye,
an anti-refl e%?a}%ﬁg‘f?%%{%%ﬂtf%rﬁ#%ﬁﬁ%t% i “lprje%t?fgn"tn %/ W@é’&ﬁiq{on
of a thinsfilof ofime dved dtik@abbegenbdeeaeali prbiueemmagzednal stirFilaAGmt

coupling agent_ and a sol conponent such as silicon, zirconium antinony,

al um num ti rFOFOX LTEEPRGth 0P L athet Rhoserhsondch campeund antohigh Zr 02, or
the for natiorbl.ggt@c i & @Pgbfgi;}?gani c polynmer 15 by coating may be
uc

I
carried out. By enploying the pro on process of the present invention
whi ch conbi nes photkipoiyatabiatzersamt adsttivpslguat agal réDdas@ agent,

phot ochrom c red product ich is. free fromthe deterioration_of a
phot ochr oni ¢ %%Yjﬁ%fﬁﬁﬁl%@ SRS -~ &t vAt e d 19hgh sE@bdd igeTengt h
and suffLoi erddyLlodiddntAroess protbetoBhahgesti, N ad t2a¥al ReTdgahof tine.

The obtained cured product turns fromchromatic to col ored upon exposure
to Iight inclifHIRPIFRIRIYR et dYQysPiglient agandurprime mayl bghisufitably

mercury | am,c&{%iﬁé&iﬂ%ﬂéﬁa%gg&nﬁi%ﬂ% ol A1 4PBhNG PARRRALS ty.

exposure, and has excel |l ent control 1Ty and repeate
Theref ore, tHaverstiomets cxegdipedduct i s useful as organic glass having

phot ochrom sm and e ,advant ageous!ly used f.or ot.ochr.om | ens

appl i cation. 30 Ex% %sc‘:aif'ﬁgtqf°d'1gle&/ﬁ I%?é’r?plié?%r&ﬁjrﬂé‘r é:ﬁ"i%@rﬁ&%'l es
are provided ffrorerdttopuiposchave f ariee16hhvat bat 409 hhe ok RSt agl FR@NtI ON
but are in no way to be taken as limting. "Parts" 20 in the follow ng

Exanpl es neaf@Yh &S HPm@pgisitrum.1. Whedi Ehe 2| gfiks s e spamiome ofThe
foll owi ng radifalalt IRAILATRY bAaRLG FRPSES He¥o%C400 nm, the photochromic

compound which has developed color absorbs the activation
energy rays for the cleavage of theultraviolet polymerization
20 initiator and the cleavage of the ultraviolet polymerization
initiator hardly occurs, thereby making it impossible to
complete polymerization in a 'short period of time, because
the photochromic compound generally absorbs ultraviolet rays
having a wavelength of 380 to 400 nm to develop color. When
25 the activation energy rays i1s irradiated for a long time to
complete polymerization, the photochromic compound
deteriorates disadvantageously.
A light source which emits activation energy rays having
a wavelength of 400 nm or more as the main emission spectrum,
30 namely, a light source which has the main emission spectrum
of a visible range may be used as the light source used for
the irradiation of the activation energy rays in the present
invention. When alight source which emits activation energy

rays havingawavelength of less than 400 nmas themainemission



used in the Exanples. 5 M: 2,2-bis(4-nethacryl oyl oxyet hoxyphenyl ) propane
M2: 2, 2-bi s(4-nethacryl oyl oxypent aet hoxyphenyl ) propane M3: triethyl ene

gl ycol dinmethacrylate M4: tetraethyl ene glycol dinethacrylate WNMb: glycidyl
nmet hacryl ate 10 Ms: isobornyl acrylate M: a-nethylstyrene MB:

a- met hyl styrene di nmer 2 photochronic cd@®pound The fol | owi ng phot ochrom c
conpounds wer e used. 2-1. chronene conpound d :

spi r o( bi cycl é[Pf%tqq“h&?ah’@e@'Z'an( SfFaviodetc FidnEddtercis used to cut
3,3-bis(3-fl Ve Ay o
1 sopr opy 1 3o g G B A H £ 07,5y IRV MR REER0T e 1
N- cyanonet hylof6 1@sdi kpanod 00 (pmnethereihaaitingl-1t possible to SuPPreSS

t hyl spi t 3. 13,7
ey el WA LIRORY 8 DBt oL EontEhAl e

met hoxyphgny isenéven = ﬁi@ﬁﬁaﬁdﬂd&m@p@ﬁmmbgmlmaa:dih@abtuw@h@w- 3.
1.13,7 ldecane 2-3. spirooxazi ne conpound Sl : 5 -dinethyl-4'-fluoro-6"-

nor phol i nodi $HETITRY 8 EERg 2 vgavqlsq.q)gmgﬁelqss thgn 400 nm. However,
(2H),3"-(3H) '3.300?5@61?’ mebdss 4B P X7 ORp1e€ely cut a spectrum of less than

6'-fluoro-1"-methyl-5mnitriledispiro(cyclohexane-

1,3 - (3H) i nddiod- pm- OF' &) BL g BHyorapte Ho{ Ihd agitiua U cuwdnignepedatdlonr andol et

pol ymeri zati 1 _The following ultr t | ynerization
Initiators vvg: S %éé%@é%g%f PRI LE A EHIRY SR e%%tg‘é??g?xt%emgysof
conpoundsoi ndiatAingy anltrabsel ot lmg@eéfflegseﬂhaﬁ 200! hthhs Favi aﬁ
wavel ength of 400 nm (liter/(nol-cm) Cd-1700 (trade name: N p

G ba Gei gy cthe maln ef%xislsﬂsorrnsmﬁ L) ‘E}P%{?O% 48 nt NeX§heRgsh )>f24@04-
trinethyl pentoyl ghad ”eAQ.%h@%fgIE‘g?é Qo%ﬂﬁﬂﬂfi@%oﬁpound develops weak

met hyl - | - phenyl propane-1 - one ss)
2,4,6-trimet mqmmylhdltpnengtpmtphnrﬂl@mﬂe-‘a(%(h)avilm BB ultraviolet

2 Doyl 2 TR GA absbé B R IRLER M RB0E] (20D,
C ba CGeigy Cease,ltik can transmit substantially the activation energy
rays having a wavelength of 400 nm or more and can cleave
the ultraviolet polymerization initiator, whereby
polymerization and curing proceed.
Illustrative examples of the light source which can be
20 advantageously used in the present invention include a metal
halide lamp, intermediate-pressure mercury lamp,
high-pressure mercury lamp, super high-pressuremercury 1amp ’
bactericidal lamp, xenon lamp and tungsten lamp. When a lamp
such as a metal halide lamp or high-pressure mercury lamp
25 of which light sources emit ultraviolet rays and visible rays
simultaneously i1s used, an ultraviolet cut filter or the like
must be used to cut or reduce activation energy rays having
an ultraviolet range.
As the exposure time differs according to the wavelength
30 and intensity of light from a light source and the shape and
constituent components of a cured product, it is preferably
predetermined by carrying out preliminary experiments.
Generally speaking, the time required for polymerization can

be made much shorter than when only thermopolymerization is



‘bis(2,4,6-trinmethyl benzoyl ) phenyl phosphi ne oxi de (604) 15 4.

t her nopol yneri zation initiator The foll ow ng thernopol yneri zation
initiators were wused. The figures within parentheses after the nanes of
‘conpounds indicate a tenperature (0 C) at which the half -lif e is 10
hours. 20 TI: t-butyl peroxy neodecanoate Y#46) T2: t-butyl peroxy

| sobutyrate (77) T3; 1,1,3,3-tetranet h%/I but yl per oxy- 2- et hyl hexanoat e (65)
T4: dii sopr offAYetk P U by BBFRY &ng4ayt Ep s florhBr Bxtdel (07 MinutesT6:

t I id ; ~azahi ~A-di et hyl opitride).  (8L1)
oct anoy! Perox! d° (6 Fpebt 8 Rl Bt W BB L FLg o
parts of M amtt.ltp&rtempeithuneqfthbectmb@&@nmlﬁcmgli.s gjﬁhemim?iaz.&@_rz @
mers, O. f,EL,as ot ochr.qm ¢ _conpound, . 0.5 part Q as a
ther mopol ymert G B0 SMSFAFE SPah I 3R G688t WhenitnepolTmestratacn
pol yneri zat i crempétatire rieee t6deHign] thxedlbagaigaeos’ twe Y. This ni xed

solution was _injected into a nold consisting of a glass plate and a gasket
22 nmade fromREFRARRtBRerizationdadtdatosergnes bypelynerizatpan heads,

cutting 99 % dq_qﬁ:; 135?% Y% of nth .of 390 nm 50
% of a wavel e“ﬁigetlﬁe%fb?lioo r#l' a?ﬁﬁcf t‘[’}ggol? %%dﬁggfgﬁfﬁ%%qnirﬁrbpccur
activation erat gshe ssamesttnan Whera\phod edpalyhenizatiorr apds i nt er posed
between a netal _halide |la d the nold to irradi ate activation energy
Paye havi ng heE e DFa B0R REUT HorhS sane hotd - 5kt BhOSREPGpmLeR &
havi ng alvaveinrgil Diy 400 e Oph&PHEhASmLBECTREA BFOABICRN obHRAGId ByasS
Irradiated using the netal halide |la havi ng 10 an out put of 120 Wcm f or

2 minutes. THROYMREIZRTEOYUIPRETS| ARAdERe| BRtIGI LndilAtarideratthBg®at,
Thereafter, tﬂ&oﬁmﬁéér&iwgﬁﬁggébhﬁlg?' ?%S%I.%:??%gga‘%ﬁe&lg ?over 30

mnutes wth an air furnace and mal ntal ne _ ry  ou
pol yneri zat i drenfperaturairef Yihe ecuraéé pndduEtldfpihenpoilyakerdzabdecur ed

| | d. The.ab | i zat i
P ondi 11 o ai Bttt tSe SRR RendPifler LAELIER Ta0ToWEzL thaln T ¢ e
obt ai ned15ur erh I -Aiifd t2Mpelratildtess e 2nEHNCKL yRRASIWAA M LR1AAtor

Rockwel | hardness tester of Akashi Co., Ltd. optical distortion The
optical distdiBPRFCIhERDRFIReLALRG J0Hr BReEMOPRA¥meriBatdenyduadng

crossed Ni colghotdfo GHiesh PLOHYE! daSurea product having little optical

distortion and excellent optical characteristics can be
obtained. Consequently, it is preferred to suitably set

20 photopolymerizationconditions toensure that the temperature
of the cured product should not exceed 50°C during
photopolymerization. To this end, it is preferred to select
the intensity of the activation energy rays from a range of
1 to 2 kW and the distance between the cured product and the

25 activation energy rays from a range of 10 to 100 cm or to
cool the cured product as required.

When exposure to the activation energy rays is to be
carried out, at least the face to be exposed of a mold must
be transparent, and glass i1s preferably used in this portion.

30 Particularly, a material which easily transmits ultraviolet
rays such as quartz glass i1s preferred but any material may
be used 1f it is transparent. Poiymerization may be carried
out while pressure is applied from the outside duringmolding.

Following photopolymerization by exposure to the



25 evaluated as 0 when no optical distortion was observed and X when
optical distortion was observed. colorability and deterioration during

pol ynmeri zation The colorability of the obtained cured product was

eval uat ed by absorbance (ABS.) at the nmaxi mum absorption 30 wavel ength
(Xmax (nm) based on col or devel oped by fllBe phot ochrom ¢ conpound by
irradiating the cured product with [light fromthe L-2480 (300 W SHL-100
xenon | anp ofClidiv@fdion enPREVoRAES - drermeRp lyRebhgatian ks eragded pusr (of

Cornin Co. 2 Y of
t he l:u?ed prgg’tﬁ%%jfﬁ%%%gﬁﬂié%Owg%@hﬁgﬁ%igggﬁgyé%égé{’%?%rggfi on
of the phot oprepolymesripminkbriurd carield varti byt photoaslymerizaed oy biyhe
2t the maxi niiReB=BEorBE: LEERALRFERG: o (S THA LH STRISE S GRd then )
devel oprmesit ) poliyaeaalAct iBi ald | ddnp Tdeed hLNEhEPMOBO19he2REaERBACBYDY the

above neasurenent nethod after the cured product was deteriorated for 20

hours by th&erEdngenofheEirtdmemprepodiymargeahiaenks arried doutoby
retention (%= (oﬁwkb?lgﬁrfﬁaéi% h | f4.CO e t
maxi mum abso ;I)ltoito ve engt%%’i't g’rﬂérg%?grtlhc%r lg't%irtgﬁ') %?gg@g?g%ﬁgg%& Q?ﬁ‘g tinme

of col or deveampientredicadie Rvenmithea lwsmitext iion mewet sed)) htivet ore,

deteri ti 100 15 The ab I h i n_Tabl . Ex I
2 06 The pPEERAIEST ARG o4 St ehoath B, BRREnORTYmesLyASt Poal | on

was carri@d euiatlisTactdoIREYD ProdtPednthot M obtiadlnRld R WTBhbERL i ON
initiator and 20 thernopolynerization initiator shown in Table 1 under

condi tions sP&FI A% ofatiime anddnghklmesl$tsakpe.shown in  Table 3.
Conpar ative Exanpl gy} gl ¥h8h8619&9{('3¥6rﬁ£'5§tﬂeﬁ§?¥\?§ vﬁ?iérke.& Qb1 B o u >
at only p

procedure of Exanple 1 was repeated except t otopol'yneri zati on
was carried efttessithe drnddiation eof e yaestivation energxt mayshown in

table 1 und di ti h Table 1. Th |t hown in Tabl
3. Conpar at EPFERSEANNES 2% $b YREHISAFE iPGRth, PrORoBiLeAsPhg tHR

ultravi ol®t obdatidd ZdtoTchiohidt sy I ricdOtY s abGHp OF4 Ofire
coefficient for |ight having a wavel ength of 400 nmof |ess than 150
liter/ (nol cnﬁ°nﬂ4é:%ﬁ’r’bc1e‘ﬁdrfbﬂd¥emp¢5é YhekYPecpRe: BHOURECPE RS

phot opol ymer izlryh SRR 12 £ MY i ni%4%% or and the type of the radically
polymerizable monomer and cannot be 1limited unconditionally,
it is preferred to heat at a temperature higher than the heat
20 generation temperature at the end of the irradiation of the
activation energy rays and to terminate thermopolymerization
atahigh temperature. Asthepolymerizationtimealsodiffers
according to varlous factors same as temperature conditions,
the optimum time is suitably determined according to these
25 conditions.
Generally speaking, a method in which the temperature
is raised to any temperature from 90 to 120°C in 1 to 180
minutes from the temperature right after the end of
photopolymerization and that temperature is maintained for
30 10 to 300 minutes to complete polymerization is preferably
employed.
The production process of the present invention may be
a known cast polymerization process. Stating a typical

example of the process, a polymerizable composition is



24 the ultraviolet polymerization initiator show in Table 1 under
conditions shown in Table 1. The results are shown in Table 3. Conparative
Exanple 3 5 Only thernopol yneri zation was carried out. The procedure of
Exanple 1 was repeated except that only thernopol ynerization was carried
out under conditions shown in Table 1. T$ results are shown in Table 3.
Exanples 10 to 12 10 . A m xture of a photochrom c conpound was used as the
phot ochr oni ¢ lﬂi‘lrﬁﬁ)‘iﬁﬂjin?ﬂea ppacediptevenn neadsieain ed &yean ed astomer t hat

pol yneri zat | aaiast 62" dp&ce P Ule i) dth tbg%gﬁeg%hé EGaEQQBOéIIPgr% EAYS,

ultraviol et polynerization 1nitiator rmo o merization i
shown in Tablt® b® pmﬁmr@mnm cshoed bwm fhbkmoi:olijheﬁi&%ﬂﬂo&x e

shown in Ta ) pye les.4 to I hot opol yneri zati on was
carried out. mﬁ%énﬁc ure ox? éi%gg ’é@dler?gufg]axés@fagﬁéapé‘d‘ -except t hat
only 20 hot opol yeve prbtoBhwemieaciied plt&dd&!%bt%%@d bg%é BRWR e glsn
Table 1. The results are shown in Table 3. Exanples 13 to The procedure

of Exanpl e 1%%dheRrasspre dumntier may 9ﬁefp§'§hﬁ§ns\w@§e@$ﬂd| d&@ duixe usi ng
70 parts of 31120108 tSre A& t Mci0Pa P p@Btftg ggﬁﬁatig' C? ose...
tr HEPCZEti on

pol ymeri zabl e nononers, photochrom ¢ conp Bund et pol
initiator aﬁﬂlatméﬁnopubynssd.nat ponaisecomdary strvatmen §ahich 2sudgeing

diti bI 1. 't in Table 3. 30
Compar ot ve. LS & Diese s Rt 856FyFePISaRAoR FAestmetodTout . The

pr ocedur k0 of aE)taJm:iaﬂ::lSkB taRsa thefren g m@@&pdélaiiorp@ﬂ/@rﬂh&%t QN WRFE a
carried out ysing an ultraviolet polynerization initiator shown in Table2

by irradiati R¢Ad GRabRnaany effentiakivieenposed efsal silane chupding
Table 3. In Tyant éndﬁ@maé&ﬁ ¥hbht £811168n3 zgﬁchPIEBﬁ” ghi-Yfonkxanmpl e
adrcal po 8B e

3 (only thernopol ynmeri zati on) |nwh the sane 1 Yreriz
mononer and ﬁﬁ@m.pﬁénmrt&ngsﬁmonpwmwexdtdedsud:heaﬁ stel, Ti0,

Great y oduS it 0F kb omngt SRR M ' e o el BeLimees 1
to 3, Cbsrpalbqt |coettﬂ>rfy‘r1ﬁa?z Jod wdyrpE@teORel yneri zation) and Conparative
Exanple 2 (the nol ar absqrption coefficient of
By employing the production process of the present
invention which combines photopolymerization and
thermopolymerization, a photochromic cured product which is
free from the deterioration of a photochromic compound during
20 polymerization and has high color strength and sufficiently
high hardness can be obtained in a short period of time. The
obtained cured product turns from chromatic to colored upon
exposure to light includingultraviolet rays, such as sunlight
or light from a mercury lamp, and returns to the original
25 state upon the stoppage of exposure, and has excellent light
controllability and repeated durability. Therefore, the
obtained cured product is useful as organic glass having
photochromism and can be advantageously used for photochromic
lens application.
30
Examples
The following Examples and Comparative Examples are
provided for the purpose of further illustrating the present

invention but are in no way to be taken as limiting. “Parts”



10 the ultraviol et polymerization initiator was |ess than 150
liter/(molcm),
har dness,

a)
E a)

(0]

ri

10

15

20

25

30

the cured products obtained in Exanples 1 and 3 had high

were not colored initially and had high colorability. Further,
the obtained cured products were excellent in repeated durability. 26 a)
M UOOOC00000 oLOd' LOLf)VU)I!T")LO B0 0 c c 0 0 0 LONLNLOLL)LNn1INn 1.1

044 N O N dNri MNr-1r-21NVNNNNN NNN 0O Or 14
in the following Examples means "parts by weight”.

1.

radically polymerizable monomer

The following radically polymerizable monomers were

used in the Examples.

Ml:
M2:
M3:
M4 :
M5:
M6:
M7:
M8:
2.

2-10

Cl:
C2:

2,2-bis(4-methacryloyloxyethoxyphenyl)propane
2,2-bis(4-methacryloyloxypentaethoxyphenyl)propane
triethylene glycol dimethacrylate
tetraethylene glycol dimethacrylate
glycidyl methacrylate
lsobornyl acrylate
o-methylstyrene
a-methylstyrene dimer
photochromic compound
The following photochromic compounds were used.
chromene compound
spiro(bicyclo[3.3.1]nonane-9,2'-(2H)benzo(h)chromene)
3,3-bis(3-fluoro-4-methoxyphenyl)-6-morpholino-3H-

benzo(f)chromene

C3:

2-2.

Fl:

5-1sopropyl-2,2-diphenyl-2H-benzo(h)chromene
fulgide compound
N-cyanomethyl-6,7-dihydro-2-(p-methoxyphenyl)-4-

methylspiro(5,6-benzo[b]lthiophenedicarboxyimide-7,2-tric
yclo[3.3.1.1%7]decane

F2:

N-cyanomethyl-4-cyclopropyl-6,7-dihydro-2-(p-

methoxyphenyl)spiro(5,6-benzo[b]lthiophenedicarboxyimide-
7,2-tricyclo[3.3.1.1%*7]decane

2-3.

Sl:

spirooxazine compound
1’',5"'-dimethyl-4'-£fluoro-6"-

morpholinodispiro(cyclohexane-1,3'-(3H)indole-2"' -
(2H) ,3"-(3H)naphtho(3,2a)(1,4)oxazine)

S2:

6'-fluoro-1'-methyl-5"-nitriledispiro(cyclohexane-

1,3'-(3H)indole-2'-(2'H)3"-(3H)naphtho(3,2-

a)(l,4)oxazine)

3.

ultraviolet polymerization initiator
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The following ultraviolet polymerization initiators
were used. The figures within parentheses after the names
of compounds indicate amolar absorption coefficient for 1light
having a wavelength of 400 nm (liter/(mol-'cm)).

5 Pl: CGI-1700 (trade name: Nippon Ciba Gelgy Co., Ltd.)
a 1:3 mixture of bis(2,6-dimethoxybenzoyl)-2,4,4-
trimethylpentylphosphine oxide (550) and 2-hydroxy-2-
methyl-l-phenylpropane-1l-one (10 or less)

P2: 2,4,6-trimethylbenzoyldiphenylphosphine oxide (250)
10 P3: 2-benzyl-2-dimethylamino-1-(4-
morpholinophenyl)butanone-1 (200)
P4: methylbenzoyl formate (10 or less)
P5: Irgacure 819 (trade name: Nippon Ciba Geigy Co., Ltd.)
bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide (604)
15 4. thermopolymerization initiator

The following thermopolymerization initiators were
used. The figures within parentheses after the names of
compounds indicate a temperature (°C) at which the half-life
is 10 hours.

20 Tl: t-butylperoxy neodecanoate (46)
T2: t-butylperoxy 1sobutyrate (77)
T3: 1,1,3,3-tetramethylbutylperoxy-2-ethylhexanoate (65)
T4: diisopropylperoxy dicarbonate (41)
T5: benzoyl peroxide (74)
25 T6: octanoyl peroxide (62)
T7: 2,2-azobis(2,4-dimethylvaleronitrile) (51)
Example 1
38 parts of M1, 38 parts of M2, 5 parts of M5, 15 parts
of M6, 3 parts of M7 and 1 part of M8 out of the above radical
30 polymerizable'monomers, 0.05 part of F1 as a photochromic
compound, 0.5 part of T2 as a thermopolymerization initiator
and 0.5 part of P1 as an ultraviolet polymerization initiator
were added and mixed together fully. This mixed solution was

injected into a mold consisting of a glass plate and a gasket
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made from an ethylene-vinyl acetate copolymer, a filter
capable of cutting 99 % of a wavelength of 380 nm, 98 % of
a wavelegnth of 390 nm, 50 % of a wavelength of 400 nm and
15 % of a wavelength of 410 nm of activation energy rays as
an ultraviolet cutting filter was interposed between a metal
halide lamp and the mold to irradiate activation energy rays
having a wavelength of 400 nm or more, and activation energy
rays having a wavelength of 400 nm or more as the main emission
spectrum was lrradlated using the metal halide lamp having
an output of 120 W/cm for 2 minutes. The tmeperaure during
irradiation was maintained at 50°C. Thereafter, the
temperature was gradually raised from 60 to 110°C over 30
minutes with an air furnace and maintained at 110°C to carry
out polymerization for 2 hours. After the end of
polymerization, a cured product was taken out from the glass
mold. The above polymerization conditions are shown in Table
1.
hardness

The Rockwell hardness (HL) of the obtained cured product
(thickness of 2 mm) was measured with the Rockwell hardness
tester of Akashi Co., Ltd.
optical distortion

The optical distortion of the obtained cured product
was observed under crossed Nicols. The cured product was
evaluated as O when no optical distortion was observed and
X when optical distortion was observed.

colorability and deterioration during polymerization

The colorability of the obtained cured product was
evaluated by absorbance (ABS.) at the maximum absorption
wavelength (Amax (nm)) based on color developed by the
photochromic compound by irradiating the cured product with
light from the L-2480 (300 W) SHL-100 xenon lamp of Hamamatsu
Photonics Co., Ltd. through an aeromass filter (of Corning

Co., Ltd.) at 25°C%1°C and a beam strength on the surface

U
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of the cured product of 365 nm = 17 mW/cm® for 15 seconds.
The deterioration of the photochromic compound during

polymerization was evaluated by the existence of the initial
coloringof the cured product (absorbance (ABS.) at the maximum

absorption wavelength (Amax (nm)) before color development).
repeated durability

The retention (%) of absorbance by the above measurement
method after the cured product was deteriorated for 20 hours
by the X25 xenon weather meter of Suga Shikenki Co., Ltd.
retention (%) = (absorbance at the time of color development
at the maximum absorption wavelength after
deterioration)/(absorbance at the time of color development
at the maximum absorption wavelength before deterioration)
X 100

The above results are shown in Table 3.

Examples 2 to 9

The procedure of Example 1 was repeated except that
polymerization was carried out using a photochromic compound,
ultraviolet polymerization initiator and
thermopolymerization initiator shown in Table 1 under
conditions shown in Table 1. The above results are shown in
Table 3.

Comparative Example 1

Only photopolymerization was carried out. The
procedure of Example 1 was repeated except that only
photopolymerization was carried out using an ultraviolet
polymerization initiator shown in table 1 under conditions
shown 1in Table 1. The results are shown in Table 3.
Comparative Example 2

Polymerization was carried out using an ultraviolet
polymerization initiator having a molar absorption
coefficlient for light having a wavelength of 400 nm of less
than 150 liter/(mol-'cm). The procedure of Example 1 was

repeatedexcept that photopolymerizationwascarriedoutusing
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the ultraviolet polymerization initiator shown in Table 1
under conditions shown in Table 1. The results are shown in
Table 3.
Comparative Example 3

Only thermopolymerization was carried out. The
procedure of Example 1 was repeated except that only
thermopolymerization was carried out under conditions shown
in Table 1. The results are shown in Table 3.
Examples 10 to 12

A mixture of a photochromic compound was used as the
photochromic compound. The procedure of Example 1 was
repeated except that polymerization was carried out using
the photochromic compound, ultraviolet polymerization
initiator and thermopolymerization initiator shown in Table
1l under conditions shown in Table 1. The results are shown
in Table 3.
Comparative Examples 4 to 6

Only photopolymerization was carried out. The
procedure of Examples 10 to 12 was repeated except that only
photopolymerization was carried out under conditions shown
in Table 1. The results are shown in Table 3.
Examples 13 to 19

The procedure of Example 1 was repeated except that
polymerization was carried out using 70 parts of M3, 20 parts
of M4 and 10 parts of M5 as radical polymerizable monomers,
photochromic compound, ultraviolet polymerization initiator
and thermopolymerization initiator shown in Table 2 under
conditions shown in Table 1. The results are shown in Table
3.
Comparative Examples 7 to 10

Only photopolymerization was carried out. The
procedure of Example 13 was repeated except that
polymerization was carried out using an ultraviolet

polymerizationinitiator shown in Table 2 by irradiat ing 1ight
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for only 20 minutes. The results are shown in Table 3.
InTable 1, compared with Examples 1 to 3 and Comparative

Example 3 (only thermopolymerization) in which the same

radical polymerizable monomer and the same photochromic
5 compound were used, the total polymerization time required
for the production of a cured product was greatly reduced
in Examples 1 to 3. In Table 3, compared with Examples 1 to

3, Comparative Example 1 (only photopolymerization) and
Comparative Example 2 (the molar absorption coefficient of
10 the ultraviolet polymerization initiator was less than 150
liter/(mol*cm)), the cured products obtained in Examples 1
and 3 had high hardness, were not colored initially and had
highcolorability. Further, the obtainedcuredproducts were

excellent in repeated durability.
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Sk T VAW WAWWAAWUUU 32 CLAIMS 1. A process for producing a photochronic cured
broduct, conprising the steps of: 5 photopol ynerizing a polynerizable
conposi tion conprising (A) a radical pol §&erizable monomer, (B) an
ul traviolet polynerization initiator havi ng the main absorption at an
ultraviol et range and a nol ar absorpti cRLAEMSEf ficient for |ight having a
wavel ength of 400 nmof 150 10 liter/ (nmolcm or nore, (C) a -

t her mopol yneri zation initiator
1. A process for producing a photochromic cured product,
comprising the steps of:

5 photopolymerizing a polymerizable composition
comprising (A) a radical polymerizable monomer, (B) an
ultraviolet polymerization initiator having the main
absorption at an ultraviolet range and a molar absorption
coefficient for light having a wavelength of 400 nm of 150

10 liter/(mol-cm) or more, (C) a thermopolymerization initiator
and (D) a photochromic compound by irradiating activation
energy rays having a wavelength of 400 nm or more as the main
emission spectrum; and

further thermopolymerizing the composition by heating.

15
2. The process of claim1, wherein the thermopolymerization
initiator has a temperature at which the half-life thereof

is 10 hours of more than 40°C.

20 3. The process of claim 1, wherein the photopolymerization
of the polymerizable composition is carried out at the same
temperature or less as a temperature at which the half-life

of the thermopolymerization initiator is 10 hours.

25 4. The process of claim 1, wherein the photopolymerization
of the polymerizable composition is carried out at a

temperature of 50°C or less.

5. The process of claim 1, wherein the photopolymerization
30 of the polymerizable composition is carried out for 0.5 to
100 minutes.

6. The process of claim 1, wherein thermopolymerization

1s started at a temperature higher than the temperature of



and (D) a photochrom c conpound by irradiating activation energy rays

havi ng a wavel ength of 400 nmor nore as the nmain em ssion spectrum and
further thernopol ynerizing the conposition by heating. 15 2. The process of
claim1l1, wherein the thernopolynerization initiator has a tenperature at
which the half-life thereof is 10 hours 33 nore than 40C. 20 3. The
process of claim1, wherein the photopol ynerization of the polynerizable
conposi tion iR FITRY %?d‘dﬁttﬁg shaeendepfepiiohopodiyriegsizatsian and
tenperature i =41 1 r al rization initiator
is 10 hours. %%ﬂiﬁir?_r %&S‘r’ggﬁéﬁkf&%gc%ﬁ%&?? \%ﬂgr gi%ﬁ‘pteﬁ%%b‘ﬁ&'opol ymeri zati on
of the polynerizable conposition is carried out at a tenperature of 50C or
| ess. 5. The Procesgy of claiml Wge{ei n theIphot ogol merization 30 of the
pol yreri zabl e conposts PERSSELAF FE Bt FOer6els the Gemparatiuss of thee
process o6 claired proaece ﬂftéﬁrtlmp@hdf&f?K@EbBBlyh%ﬁtz%rtti%% WhsFaised
tenperature higher than the tenperature of 33 the cured product at the end
of phot opol yriet i Zatdnt 20dC 2ednthereepe}ymeriratioa disnd emwmd nadravb izt ur e.
7. The proce ' j e rapu fthe cured product
after the engﬁgtp%%%no y%??élg#lgg%ﬁlﬁé ?gfe'sgg E% 38 Ot &+ Stnd

t hernopol yneri zation is termnated by maintained that tenperature for 10
to 300 m nutes.



