1 1 FEB 2005 1 DESCRI PTI ON PROCESS FOR PRODUCI NG A PHOTOCHROM C CURED
PRODUCT 5 Background of the Invention Field of the Invention The pries€pE 2005
i nvention relates to a process for producing a photochrom c cured product
havi ng excel | ent phot ochrom sm which isﬁgolynerized and cured in a short
period of time by 10 conbi ni ng photopol yneri zati on and

t her mopol yneri zation. Prior Art Ph ) whi ch has attracted much
attention for the past few years igh§ﬁ$g€%$§$%le phenomenon that a certain
conpound changes its color imrediately upon exposure to |ight 15 including
ultraviolet rays such as sunlight or light from a nercury |lanp and returns
to its original P&Q@SWRR&UCEN%%PH@TMWW (oS Q)p%ﬁing@UCT
irradiation. A conmpound having this property is called "photochronc
conmpound”. Various conmpounds have been synthesized to such a conpound

her et of orse 2Babkyraapdc @fnthestImiodntrion S not observed in these conpounds.
Cured products which exhihit photochrom sm are obtained by coating the
surface of aFﬁﬁFGerp5meén Qq?%Pphotochronic conmpound or by dissol ving
a photochrom ¢ conpREflddbft 1hedhtalbnyr FPLYEEIZ2 RIS JERROFEF paddiucing

pol ymeri zing and curing 25 the resulting mxture (to be referred to as
"kneadi ng neghwatodbrenhafcergd prwtuc bhawingwexesiicds pbetepshpemdiss ng a
radically po rizapl Iy ) [ [ I ' L Qn. |

carried out beﬁea%éaﬁafwnggg%gdi ﬁg\%h?‘gﬁgﬁlo??mn‘%r%%’??o%é?#ég&%%#ezé) Yout

by i ghtio WhebmbihdaigC @Hot diod Wwiest 72t Eonvandet hermope lymed 2atEirdzed by
light in the_above _kneading nmethod, the radically polynerizable nonomner
cannot be sufFaBFyAT%ol yneri zed because the contai ned photochronic conpound
absorbs ul travi ol epnbRY¥enrRMHistednidh hie sheawrde Pmith hthdatl 202
ultraviolet polynerization initiator and devel ops color itself by the

absor pti on othgl paatifretyeass itsoaprevensibhe phennsanes bhabfa [degiaing
means of sol yi r JP- T " JR- AL as
used herein §8§%§Q¥?é$ﬁ% ngﬁg%sgégffg edgl%g%g%éggghé% ﬁfbggb ?égfﬁgh")
di scl osas a mmtchaeding arrayigle butapeol yuehi aat sanlhghteeorcilighthe rmmmount

of a photochrom c .
P a mercury lamp and returns to its original color when it is

placed in the dark by stopping irradiation. A compoundhaving
this property is called "photochromic compound”. Various
compounds have been synthesized to such a compound heretofore
20 but any common structure is not observed in these compounds.

Cured products whichexhibit 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 methed”
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 a radically polymerizable monomer
is to be polymerized by light in the above kneading methcd,
the radically polymerizable monomer cannot be suitably
polymerized because the contained photochromic compound

absorbs ultraviclet rays regquired for the cleavage cof an




conpound. However, the colorablility of the obtained photochrom c cured
product cannot be increased by this nethod. 10 WO 96/ 37573 di scl osds] BER 7005
met hod whi ch conbines a specific wultraviolet polynerization initiator and
activation energy rays having a speC|f|c eni ssion spectrum However, it
cannot be said that a phot ochrom ¢ cured product obtained by this nmethod
Is satisfacto in.ter hotoc r.om sm ilit 5Te|nvetors of
the present ’i’igﬁﬁf’ﬂ'é’ﬁr %z\Pé’]f SRt 2 e d%lca‘? ﬁ?dé?gﬁ PPty S éjéily
lowers in a peLkyner vyl abSoRSt iR RINItZes LOTPt ety thy piEivitht the

phot opol yneri zation.  To obtain aperfect polymer, the exposure time nust be
prol onged. HoapeBASsijedn athd ighjosure tine is long, a photochromic 20

conpound s deter! gLapeds bo PN R (FRANSRANNLINR N §20B0L00HRTC

cured product is to ta ne rrmpo ymeritzation 1's generally 'used to
pol ymeri ze a(tnditath ¥ Jpolynes usalﬂllee:fmnomemsl-bmé\mrexarmed piomd 1riesteidr ed
for thernopolynerization is extrenely |an 25 for exagﬁgFl several tens of

hours, conpal@B2HPER PRFERR b BORIHEA AN Ind i FRLPEES R M oo CRTERiz & i on
is unsatisf aﬁft%alyﬂe&%gh% B?er@a@@yﬁglmé Yarffuretd ap?ﬁé%bmonéwﬂmry

of the Invention In"view of the above, it is an object of the present 30
i nventi on t ocpmpeudd.a PBrwewes. f@hEpmd@marbg-Jallmmmféhtmn ebtagned product
havi ng hi gh

| d_suff | h d
of tine by dPOSSPURRET AN sRkreRuEY ainet o +HELEERR el T SRR 0T

monomer jand tbew s /RglsyrBerdizddigh sl « Uiid tlgod hﬁhieEUbbmbgnmsxhurs@edhlEJEEB
2005 3 It is_another object of the present I nventi an toljl’g’r Qvi de a process

for produci n§l&TaN3CIEH BRYMEF SR thPd dEE t 1aiXh angr 8F&dratipp enexgy

deterioration g& K %%C%Q&flelgnﬁ%ﬂd&{jﬁﬁkct%m NORBRLYRR,| Z8ldahotd |t
s still anotﬁ | ec the present invention to provide a process for

produci ng a peosedkr thiat eupbdtpcbagnic ahred prostict obtadmeshdty dhis

col ored upon eéﬁt %;” saq:iégg'éto y}"i' u'g{epxgsgjf é?n 't(gc%[rdfnfjhén dﬁg‘%lﬁ %'I%'tgt "at e

sunl i ght or ! ner cur e origina
upon theas 10 st oppape Qﬁvenpasur@f tamdphaSeaxCEhbentlphommermmnd that

properties and repeated durability. I S L%"ther ob ect f the ent
i nvention toPBPG\?iCJ’é'onﬁ"ﬁﬂ Shrabilt %ﬁ&’cﬁf’(ﬁ d‘R'ﬁ‘r uct

whi ch has |h&tﬁst%iﬁﬁérﬁtéa%dmﬁb@é@Qaﬂuban@dﬁaatageqwbh
Toobtainaperfect polymer, the exposure timemust be prolonged.
However, 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 1long,

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.




15 as a lens for spectacles. O her objects and advantages of the present
invention wll become apparent fromthe follow ng description. Acqqrding
to the present invention, the above objects and advantages of the present
i nvention are attained by a 20 process for produci ng aphotochrom ¢ cured
product, conprising the steps of: photopd ynerizing a pol ynerizabl e
conposition conprising (A a radicauhgol neri zabl e nononer

[

... (B .
ul traviol et pol ymerT & dsS 3R FRET ORIGC Pﬁ@sﬁﬁitrﬁlk‘ée%%%’?&t(% Bﬁg‘é%dﬁn

ultraviolet r A0l Ao RRS | BRoteesrbindiceBhrbar prbalibthayhngna
wavel engt h ofg%%go nm o?%(gﬁrol i te?{dozarrgl 8%) eor_ nor e, E:C) %

t her nopol ynerpzetvénhsi bhei d¢beriandtioh of ph@eheohiemtonpeuad byoduct
irradiating agtiyvation. ener rrays having a wavel ength of 400 nm or nore
as the main %F%ﬂ?sgPﬁﬁm§5é%%F& "and further thernopol ynerizing the
conpositign by heatipgis SRast1 Magenker obgetyi & 101 pirfae elntv & At/eart idny to
nononmer having a radically polynmerizable group may be used as the

radi cal |y pol previgdent PLAResfef onSRECRRCing & PhotRdFeis CHrEleBEORYFL

producing a il 08NS (SUPCREGHHEL Yo LA oULEEBh dpeitano XaRR! es

of the radical y polyneriza group 1 nclude an acryl oyl™ group,

met hacryl oyl gnelpdand uilnybvigleupra§ysTypiichl asadindlipptpokyddghtalfirem
nononers which can be advantageous used ip the_present inyention e the
fol | owi ng coﬂﬂB%ﬁGEFYd?QEPyIQB ToRPOUTAd °aﬂ5ed?ﬁ£9ﬁ38EyF§? ec8ﬁ88u§§§
representgd b¥t5?§a§@' b@Wiehe fs¥irl ardl )hasl Gkde Rleki® GRotofhfémi@ ~C=CH2 (
1) O O wherein two R's are each independent|ly a hydrogen atom or nethyl
group, A is aprapryties gndugemsadieh@nmabihbsYituted, 15 oxyal kyl ene

oo (-T2 SISt MGG A RS 0k it
a process for producing a photochromic cured product which
has little optical distortion and can be advantageously used
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
processforproducingaphotochromiccuredproduct,comprising
the steps of:

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
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.

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




20 wherein R2 is a hydrogen atomor nethyl group, X is a halogen atom m

Is an integer of O to 5 and ais an integer of 0 to 4 indicating tTh]eFEEE%OUS
, W

nunber of substituted hal ogen atons, and nis an integer of 1 to 20
the proviso that when nis 2 to 20, a plurality of A's may be the sanme or
different; 25 epoxy group-containing acry ate conpounds and net hacryl ate
conpounds represented by the followng formula (2): R3 R6

1- 12C=CC04R4p4p4RSE} TOH2 OroGZ ind) al phat e miterairTeRPIEAtndE of ethaich

i nd dent | hyd t t hyl ,_and R4.and R5
| ndependent | P28k TERB LR oo ERITEHERelf BECSTRRE POt EEO D AP Ee
represented Byohpeind DhdOWNNACEPIEYL 6y, me thdcEyEoB12pubanad thyynd h

are each indépendently an integer of 0 to 20; 5 vinylbenzyl conpounds
represented lgyoupe following formula (3): 1 3 X X2 CH2=CH X3 CH=CH 2

cach | ndependent| y FRACEA §TSSHEY b pHle YOPRBLE rfontPe PaGR0CRd 94°,

each i ndepend@riantagaduelyoesedtiarnim psabént intvemt iandate theafull lovakreg each
i ndependently O or 1, with the proviso that when k = 0, j 15 = 0, when 1 =
0, k = j = OCORREURINSH | =1, Y, Y2 and Y3 cannot be a sul fur

] =k =1
atom at the IR - | s e q.gm%m%d epresent ed by
the foll ow n?$$%$§ ?’%ql:pdlglz %ﬁHﬁﬁz H I—%%:C-Céé- CCcz -C§-Z R15 (4)
113 t R14 H2 riepreisendiem B2, thRl ¥ didwRig freemalch { hbdependently a hydrogen
atom or @I kyl group having 1 tq 2 carbon atoms, R15 is a hydrogen 25 atom
al kyl ngo p (preferab‘i‘y an al kyllT group having 1 to 25
H2C=C(||IO—(-A-)-170(|%C=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 (1)-1:

X X
Ifz a CI:H:‘ a 1?2
—(CHCH,0 ), l OCH,CH}w (1)-1

CH,

20 wherein R? is a hydrogen atom or methyl group, X is a halogen
atom, m is 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 epoxXy group-containing acrylate compounds and methacrylate
compounds represented by the following formula (2):

R? R®
H2C=(IIZCO—(-R40}g—{-R50-)-HCH2C|‘. —CH, (2)
I N/
0

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

following formula (2)-1:



carbon atons), al koxyal kyl group, aryl group, acyl group, alkyl group
havi ng an epoxy group at a term nal, nethacryloyl group, acryloyl«gffg@zms
hal oal kyl group or oleyl group, Zis an oxygen atom or sulfur at om

an integer of 1 to 70, 30 and t' is an integer of 0 to 70, with the proviso
that when R 12 is a hydrogen atomand R1% is a group other than the

met hacryl oyl group and acryloyl group, or a hydrogen atom t is an integer
of 4 to 70, and when Rl2.is @h; alk group and R15 is a nethacryl oyl

group, t is an integey ol | 1 FE 2005 hn addition to the
conpounds enuner ated apovye, unsa at ed carboxyllg acid compounds, acrylic
acid esters and nethacryliccﬁxio ester conpounds, fumaric acid ester
conmpounds and onatl Vi n conmpounds may be_used as.the 5 r cal

ol o 1 3ahl ERoMAT i 14 FHELHeRERHERERY SR Rickdae ot it 2

the radioal | wm@w@fztyﬁla&pdmwr&repﬁaﬁhw e b FhaeRausd )fdi&rﬁﬂal n
the present invention are given below The diacrylate conpounds and

di et hacryl atté)conpounds 10 represented by the above formula (1) include
di et hyl ene glycol, dinethacrylate, triethylene glycol dlnethacrylate
tetraet hyl ene gﬁyxé Eﬁghacrylate but anedi ol omzmthdCrylaQe

hexanmet hyl enedi a netha rylate, diethylene glycol e,
Lagy %@cn z&éltﬁﬁ?m3¢9ﬁ)}l&ﬁ yl at(@.)

triethylene gl yt
af e anet hyl enedi ol di acr yl*at e pyienol

but anedi ol di ac :
di net hacyyl ate, 2, 2-bi s(4- nethacryloyloxyethoxy 3, 5- dlbronDphenyI)propan
e, 2,2-bis(4- nethacryloyIgxyethoxyphenyl)propane

2, 2-bi s( 4- mewheaeiioy ox¥di et herdpKemiiy maspariaidependently the same or

2. 2- bi s(4- gt Bompaneqy|
2, 2- bi :E4 nm\;:dhacréy&{ %4 %%p %%ag?éﬁl%ygﬁZnﬁ;%?%ggne g'ﬁ?‘:h Soyrpendently

gr oup- contalmmupxygqﬂzﬂﬁnmompoauﬂﬁuandtomethadrmla&eanﬂnﬂnams ez esent ed

2% 3" et nyl grgdamAm eyt & o e hy Pl he GoFénIRa At Een I shitnel © -

A-nonogl ysi dy cet Refedet hacg yliate and @) ysnalydvheﬁohyet RyLene=ghycat, Y’
nmet hacryl ate haV|qg an aver age nol ecul ar i ght of 538. The V|nylbenzyl

conpounds reﬁ@@béhté@qﬂPth?aﬁxﬁRﬂfQK)q%ﬁmnﬁﬁ.FB? FABEyféme; and
bi s-4-vi nyl b g/l B e?ﬁggiﬁyﬁ.e\ﬁ WAW(?%JS.E bired@nted by the f%llow:mg

1, 2-(p- V|nylben p-'vi nyl benzyl t hi 0) et Hane an
formula (4)

20 H H; R1S
H,C= c———c i—C—C —c ~——z (4)
Las L.

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, halocalkyl 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'? is 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.



bi s(p-vi nyl benzyl oxyet hyl )sul fi de. The | ong-chai n oxyal kyl ene conpounds
represented by the I J F E B 2005 7 above fornula (4) include polyégt|HEgens
gl ycol nmethacrylate having an average nol ecul ar wei ght of 526, nethyl

et her polyethylene glycol nethacrylate having an average nol ecul ar wei ght
of 496, nethyl ether polyethylene glycol fethacrylate 5 having an average
nol ecul ar wei ght of 1,000, polypropylene glycol nethacrylate having an

average nol ecul ar HBi §AELSAONGT AkE FAMAUhR P YRR yRE BBy PBAE Sl yco
met hacryl at §, 02y 19a+3 eyi%alggﬁw acuylPEoBbaRa Ol 28201 1H18 RS dleaied

carboxylic acid conpounds include 10 acrylic acid, nethacrylic acid,
mal ei ¢ anhydandemantafoyddicc acdel dsstde conydvndaci dupsrér asddnesitecrylic
acid ester conpounds include nq;cyl aCﬁ%Iate nmet hyl hacrﬁbg%%,thggnzyl

ot hacry | at SOTREHIRS Bfa ARt S (D TR oS MR RE g

2- hydr oxyet hyhaiehhag podle rtitddd o mureddied 15 tRé hgeeybateiakdntriohhane
acrylate;, the fumaric acid ester conpounds include nononethyl funarate,
di et hyl funarate ahdlugtppédye e¥pmpdes, oinghentagicaalvcPoLpeTrdé@pdends

i ncl ud t hl or.0st - » L XLRYL h
| sopropenyl “HEBRmAL uRAYH, Esilhe BARNASLILENG: pELRY A RYL" Betint
radi cal | y polinvenitiahl ereonrdvers bedowe used alone or in adm xture of two

or nore. Qut of the above radicalhﬁggolgnerizabLe nononer.s, a m xture of

radi cal |y pol yneri 7361 &-#ohohate 9 &% apd gdipethasry @R seRaosnds

di met haqigy| at-gpeaERAYRE B RHEIY RS £43miY &l (1) 2ReYBakU1BH Ky {die g132APOXY
group-contai ning acrylate conpound or nethacryl ate conpound represented by

t he above féimathacyylate .a tmfhonkene ogey| dhvetbppawdad tespr esent ed
by the above a ' Leal l rihzabl e nononers
i ncluding a E%g%g%kg?gé%ghggﬂﬁﬁﬁgﬁ%ﬂ&%agéc%?géfﬁéc¥§Pg%égggépound
reersented @ymegha&hguatﬁqrmﬁXhmdﬂhyrﬂmbﬁnobpdimeghagpgdamﬁainLng

acryl ate conpoun r mefhacryl ate compoupd.represente e abqv
formua (2) CAPEhyteraTLicohAIRERYIR et PSShELPAROREre} B o5 Ta ke -
phot ochneni sge dehakiblillen AR vl Ora teyey PRENt baehAeaiadi AdatkyiER 005 8
of a cured product obtaine byé&?lyner|2|ng a mxture of a hot ochr om ¢

conpound whi eexamethyd epessiqly i arersl e ¢ PispRenalr AdAERPIPaFETNAE1S zabl e
nmonomner . 2,2-bis(4-methacryloyloxyethoxy-3,5~dibromophenyl )propan

e, 2,2-bis{4-methacryloyloxyethoxyphenyl)propane,
2,2-bis(4-methacryloyloxydiethoxyphenyl)propane,

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

The vinylbenzyl compounds represented by the above

30 formula (3) include bis-4-vinvlbenzyl 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



Use of an ultraviolet polynerization initiator having 5 the main

absorption at an ultraviolet range and a nolar absorption coefficient FERRI
| i ght having a wavel ength of 400 nmof 150 1/(nolcm) or nore is essential
to the present invention. Wien an ultraviolet polynerization initiator
havi ng the main absorption at a visible range of 400 nmor 10 nore is used,
t he phot ochrom ¢ cured produ% I s_caol ored disadvant ageously before the

Dhot bohr o ¢ SBoTSoRRETEAR ks 1SR CRs0 RPSTECRY I o PN b AR ATSRE  he

ultraviol et pRQLWPHZAILILItdPbOh16ESGEghe 6@ @Rd. fherotidien an
ultraviolet polynerization initiator has a nblar absorption I5 coefficient
for |ight hapodyedhyhasiegdyvioodfmeltitaonybatedssyingan a66rage fmolesrylathough

it has the nain sorption _at .a traviplet, range, jt is difficult to
obt o a cur SISPRIRE A9 nrR e, pYREFHORYT Y RRAE el edf i nAGY ok cor
hardly ofcuhavip@n a8X pOetatd MmodeidMalr Qe iRl G N3 haydlgprodfylene
wavel ength of 400 nmor nore as the main em ssion spectrum |n other

words, as t h@lyieedo MR igRTrTaitR UheY 4G chRl RYCEBSSr Bo legulagy s iant &
havi | f.+ 380 i
hetivathon ev2tshd rtiend e PIE SRR CenE B et Bhoryl aBR3hiho

pol yneri zat i an iavienasgeomoldcwidah vaeghesaft 62bat the cl eavage of the

ultraviolet polynerjzation.nitiator hardly.occurs and pol ymerizati.on
Cannot be conpl ot e ien LSS U5 (AT SERY LHE. St COMBORRIN vuitd Widoner oy

rays is igradicayad d aeddl, ongt ha 8Byl 9c G SR 1A ¥ABKaFAldeOind tfitharic
deterioration of the photochrom c 30 conpound occurs di sadvant ageously.
U traviol et g&eriDmatdeny1ic12@idrestan BRAIMGLISFTYINtD arist|§skeavage

type and a h%%ﬁ%‘iﬁ%d"ﬁ‘t{r?&id&é‘ﬁé( 1 éﬁ:ghé‘c@“ ﬂe%%g&o'ﬂéﬁ{éé%}'ﬁbh

initiator of t atter type is gener used i n conjunction

phot osensi t i bemzyAn ndtlmmdiEB 2005 Shenyil nBetbapaoyilcdties genidmaimgpheseyl as
this photosensitizer. _\We he am ne .c oynd is used, .t initial

col ori ng of AREPASHAANS b acIHEE RHA L PRAPEGrd oty (e e thy

pol ynerizsti grthidiiléde tindsfidthalLARGa d0PL tise @her 80l ac b usahr Qut
of ultraviolet polynerization initiators of a self-cleavage type

a- ani noal kyl SRERSHAGRIBELAAS BOPSMELhYdof YHBF A3 &t Gﬁemﬂ@%@rﬁgﬁe and
acyl phosphi ney ;e PFsGh rdtld f %Wd()jtﬁlél POLYERLEZ AP ddthhd i @8 Siitithae

bi sacyl phosphi ne  oxi de-based ultraviolet polynmerizationinitiators are 10
preferred bectyxernd,echibaiossyreaured opmedigtils tyremechvdmtliinephthalene,

isopropenyl naphthalene, bromostyrene and divinylbenzene.
20 Theseradicallypolymerizable monomers maybeusedalone
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 by 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 in view of the physical properties such as

photochromism durability and color development-color fading




and transparent. The preferred ultraviolet polynerization initiator is not
particularly limted but typical exanples of the ultraviolet 11 FEB 2009
pol ymeri zation initiator are conpounds 15 represented by the foll ow ng
formula (5): 20 OCH2 R7 (5) C-C N wherein two R7" s are each

| ndependent|y a net hyl group or ethyl gr8up, conpounds represented by the
fol |l ow ng forrrula 56) 30 wherein a plurality of Re's are each

i ndependent | P f’ld P@‘P PR YAP Y BUFP TR i Aot er e OB @ 3,

and RO is ahanydni, X u ng.C SSENM
the followng fornula (7); @L%%G%%ngggg ?11? e 9@%@%12%52{% pl ur%glx?y of

R10's are ea@mnd rﬁjarﬂﬁm&l}y Bohﬁnhyhzaglleuponmhroxy group or chlorine

Tty at i ve oxauplBe BF shd fidautoitbiso e Rer s it G Pt OF g™

can be adyantageausiy aeskpdfohnathgnphesediyionentriayedsardta Uhdlawy i Ol et
polynmerization initiator having the main absorption at an ultraviolet range

and a nol ar AFATRGIAP COSELIGIEBRT for Light Raving a vareeeealhhobf4UD0 nm
of 150 liter/, e [ I

a- am noal kyl ﬁhenonefieased tr%{@? o?gt I\'A|18)gfay9rr§r ?‘Zélgtel}%r}all rﬁot |ta e %re?%t

2- benzyl - 2- dlnmzdrytlmnnom}e(m amnphml-avmhenyﬂ:@,lyﬂnatanameoh a.an;a]unhﬂm:ml ne
gxgdg;ﬁgfﬁgl E}é}raw ol et f‘)i % rlzatlon I%Oé?\;z_;sll% o rarggg. of 400 nm or

2,4,6-triget Iﬂ]\d:@@@ﬂéﬂd’hemépﬁﬁ§§8bﬂ§oﬁ§bd@2r@@ product is colored

2, 6-di chl or obenzoyl di phenyl phosphi ne oxide (
2, 6- di met hoxﬁ?@rﬁ%ﬁ%%ﬂ@%hﬁd@;ﬁﬂ%tbﬂEI}éOQGCngaé?IW@WﬂeB%ﬁW%ased

U| traviolet Eﬁié‘i@éﬂfaﬁﬁi&ﬁ‘ to develop color because the ultraviolet

polymerization initiator itself is colored. Further, when
anultraviolet polymerizationinitiatorhasamolar absorption
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.
Inother words, as the photochromic compound generally absorbs
ultraviolet rays having a wavelength of 380 nm to 400 nm to
develop coloxr, 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 ultravioclet polymerization initiator of the latter type

is generally used in conjunction with a photosensitizer. An



initiators; (1) bis(2,6-dinmethoxybenzoyl)-2,4,4- trinethyl pentyl phosphi ne
oxide (2) bis(2,6-dinmethyl benzoyl)-2,4,4- 30 trinethyl pentyl phosphiingfpgilge
(3) bis(2,4,6-trimethyl benzoyl)-2,4,4- trinethyl pentyl phosphi ne oxide (4)

bi s(2, 6-di chl orobenzoyl)-2, 4, 4- trinmethyl pentyl phosphine oxide 11 F E B
2005 11 (5) bis(2,4,6-trinethylbenzoyl)phenyl phosphi ne oxi de These

ul travi ol et polynerlzatlon initiators may be used alone or in conbination
of two or nofEinfhEoRmANRd ofs t9RIeFathwieted 8l YhiFi PRetosensilthigesdr 5
differs accopflbRurhe ARLNRISEMLAR COUdEH OBfie 1RE:1XR ﬂorm At or
and the type and conposition of the radical’ly “polyneriza oner and
cannot be | i ppiigteanbentinteomdtked butThardfoms ef@n abl yrévodleo 1 part by

wei ght, nore eferabl 0. 05 art b ht based on, 100 pa
wet ght of 1 nRBIETEE IRt DRt FhaF Pl B e S b hoRer e vAREI YPY hEPRELRS Dddye, a
cured praoductisBayi ngusUbEi aieriaki iedh JARANEsS: 4 61 6Bt ﬁhﬂeﬂatoIBeoebhal ned
cured product is excellent in internal uniformty and color.
thernDpoIynesai@tpd#awagﬂenxneuSe¢munqakkxﬁphenonei5asﬁdenﬂt@ﬁwxphan
particularly Y Kﬂﬁ er i i may be
used. It is Phggh%?ggggg'qpl' erﬁ%%%1 %%fféﬂﬁgéhiﬁﬁlggéF%rEﬁh has a
t enperature an.tmfalvtiknlte}tepbaMneﬂnzfae::(thethmteiraqom bmbalcylbhe;s@mwu of
active oxygen La h Iv%%.Qﬁéghe deconposition 20 of the initiator at a
certain tenp8fa &Fg? T A9 Lgbrroteme Bl pghienoAntdAdedif W hfore t han
40C, norg prgkekabrka BBEGuEBah &G Yea MR chifR al $PB&HALY £ &l cWiichla thilke
half-life 1is 10 hours is higher than 40C, the thernopol ynerization
initiator isaRgr drEnEP@digdsed by pol yneri zation heat 25 generated during

phot opol yneri zati o tion
do not proceed at Q%‘ gf%ﬁ% eHhﬁ?ﬁ%i’%fé%éﬁéi%ﬁ‘ ]?P%%é%? %%#azi% a
cured produnbtw@a&hﬂmuidnxy11ﬁmntmmrmmtsnyﬂmcam|bthpaadIuﬂnﬁhe opti cal
strain. The upper lLimt of the tenperature, g gh 30 the half-life of the
Eher mopol yePLISErY Jeh oAt St ohotr st at bt a5 CORBPRMAS 11t od but

comrer ciig | yrapaelsahht@d ertmof yIEsw £@§ | P8rniilki 359rs general |y have a
t enper ature

) H 7
/N [

20 0 N C—(IZ'.—N (5)
__/ cnzcma\ﬂ7

wherein two R''s are each independently amethyl group or ethyl
group,

compounds represented by the following formula (6):

? 0
O
ks

30 wherein a plurality of R®'s are each independently a methyl

25 (R®).

group, methoxy group or chlorine atom, e is 2 or 3, and R?
is a phenyl group or methoxy group,

and compounds represented by the following formula (7}:



of 100C or less. Illustrative exanples of the thernopolynerization,l

B 2005 12 initiator which can be advantageously used in the present}FEBZWS
i nvention are given bel ow. diacyl peroxides; (1) benzoyl peroxide 5 (2)
oct anoyl peroxide (3) lauroyl peroxide (4) acetyl peroxide peroxy esters;
(1) t-butyl peroxy isobutyrate 10 (2) t-bugyl peroxy benzoate (3)

1,1, 3, 3-tetranet hyl butyl per oxy-2-ethyl hexanoate others; (1)

azobi si sobutyronitrile(®})2, 2-azobi s(2, 4rf’net hyl val eronitrile) 15 These

t her mopol yneri zation inijtiators nay be usefd alone or in conbination of two

or more. The anount of /T thﬁ nﬂf gner on initiator differs
according to polynerig ndi ; ype of the7hnitiator and the
type and conposition O\ r adi IIy 20 nmeri zabl e nononmer and cannot
be limted unconditionally but it is preferably 0. 001 to 10 parts

bywei ght,Sm%élréifr?%ﬁ‘?heraQ.loc]y b2 R'PY b ePUa VR ﬂﬁhegaﬁﬁgncﬁﬂ%lgomg‘@ﬁ § by
wei ght of the radically pol ynérizabl e nononer. Any photochrom c conpobund
may be used igradte m%’smncy gBoupvent cbihorflnlet adlegror |15 ixa < e 3 ignd Rien
it devel ops %Slor |b|ng speci fi &y t he abso on of visible
light, a pho oé%ron1 CORPBGRRY GRERR Y ra §TONP aﬁ?bﬁ%f sPER¥Pum at  a

wavel engt h of aroumdkﬂﬁlﬁdtﬂﬁ@ enagpyekops el et orange color, a
phot ochromi ¢ conpound whi ch has an absorption 30 spectrumat a mavelength

of around 48@HFMEOLFAtHRYelBbElatel Whisty ;1o@ &8 GdvamtrgepnalBcheedi c
compounch ¢hi G ha% paRARROLHH AL TAPGH AR %f@gtcgb%h%éffggglﬁo to
conpoun

600 nm devel ops purple to blue co hese p ot ochrom S may be
used al one, vimiteatwy havwing e natordbswtpbhodlatr-BB @D0bat3oleft tanger
nore so that neutra ints, such as_gra hrqwn a r.can be obtalned
Exanpl es of Fh%y (ﬂ%éﬁﬁo%?%OEBHﬁSHnHOéﬁF&ﬁH%?tl¥%reqq§ht havin
wavelength of 400 nm of 150 liter/{(mol-cm) or more are given

below.
15 a-aminoalkylphenone-based ultraviolet polymerization
initiators;
(1) 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-
butanone-1]
acylphosphine oxide-based ultraviolet polymerization
20 initiators;
(1) 2,6-dimethylbenzoyldiphenylphosphine oxide
(2) 2,4,6-trimethylbenzoyldiphenylphosphine oxide
(3) 2,6-dichlorobenzoyldiphenylphosphine oxide
(4) 2,6-dimethoxybenzoyldiphenylphosphine oxide
25 bisacylphosphine 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



advant ageously used in the present invention are a chronene 5 conpound,
ful gide or fulgi mde conpound and spirooxazine conpound. Any known 4 1 FEB 2005
conmpound havi ng a chronmene skel eton and photochrom sm may be used as t%e

chronmene conmpound. Illustrative exanples, of the chromene conpound are
given 10 below. (1) 5-isopropy|-2,2-diph%hyl-ZFLbenzo(h)chronene (2)

5-t-butyl -2. 2-di phenyl - benzo chronene . .

spi ro( norborﬁasﬁeflozl,i&(‘gltgb ﬁ%%%ﬂ%’%?f’%ﬁ%ﬁ@)“ i’%enylphosPhlne oxide

spi ro(bicycl o[ 3. 3. ITHdwaet2a?iofdt)feenzed ) £t 0oRNAG) t it i may be used
7' - met hoxyspi ro(bi cycl o[ 3. 3. 1] nonane-9, 2' - (2H) benzo(h)chronene) (6) 3,
3- bi s( 3- f | uord-nereR R oky phAYLRabiABr BholtRoCFHMBeEhzo( f) chronene (7)
2, 2-di met hyl - 7- oct ZOL T . : ' a
Ui gi o skel et on_ arte BhoRae o tHE B EEEAE L8R L KR B e e

I Il ustratbve Gixiihgat esaafordingd tlogpdé ymenpaatd car €ogididridne owhe t¥pe of
N- et hyl - 6, 7-di hydr o- 4- net hyl spi.ro(5, 6- oy .

benzol b] i opihsnad o H% AAGIANE. SYPE: 2)d| 6pAPaStion, 9F the ZRRisRblY2)

N- cyanonet hyls 6y vindi Dy &b Pe dnd R 2hdPBBAYLEPHEO( nited unconditionally
6- benzo[ b] t hi ophenedi car boxyi m de-7,2-tric yclo [ 3.3.1. 13.7 ]Jdecane (3)

N- cyanomet hybwg; 1tdifypdrefexraplydt RdxypHepgry-y 3@ight, more preferably
met hyl - spi ro(,b, 6 henzo hj | yim.gdes A I .
113 7] dec st AP bifohll PEPSEE BGREA Sp befid by, Gkighel of end
benzo[ b] 1 bi optedibeh Thy Quodyyie ciez ab Pe tidroyed ©] 3.W8 thil3.the dbogeamrange]l &EB
2005 14 (5) N-cyanonet hyl -4-cycl opropyl -6, 7-di hydrospj ro(5, 6- )

bensof b] t hi by AABERAL PR SIS SOE T eiort Sy T8N ne3oners Ae.pRtabyed-

N- cyano- 4- cy ehabbBRY\E n@a’cdh- &y gredRict{Pelc@llent in internal uniformity
benzo[ b] t hi ophenedi car boxyi m de-7, 2-tricyclo[3.3.1.13,7]d ecane (7)

N- cyanonet hylangd cﬁy@}@pF opyl - 6, 7-di hydr o- 2- . o
e s B AR VG LA gt e present
spi rooxazbne mkedetbonand not particularly limited and any known
thermopeolymerization initiator may be used. It is
advantageously a thermopolymerization initiator which has
a temperature at which the half-life {the time elapsed until
the amount of active oxygen is halved by the decomposition
20 of the initiator 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-life
is 10 hoﬁrs is higher than 40°C, the thermopolymerization
initiator is 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



phot ochrom sm may be used as the spirooxazi ne conpound. IIIustratiy?
exanpl es of the spirooxazi ne conpound are given below (1) 1', v 1 FEB 2005
5' -di net hyl -4'-fl uoro-6" 15 .

nmor phol i nodi spi ro(cycl ohexane-1, 3' - (3H)i ndol e-2' - (2H), 3"

- (3H) napht ho( 3, 2a) (1, 4) oxazine) (2) 12
6'-fluoro-1'"-nethyl-5"-nitril edi spiro(cycl ohexane-

1, 3' - (3H) i ndbpéizeter Whdch FIMAshtad @ Laggeus iy oragfininerheo prypent
6'-fluoro-1':j vl -5"-ni t.rjl edjspiro(cycl ohexane-
1,3'-(3H)ind%*‘2?'§'lﬂ§%b' %}‘? ”n?p"%'t%‘(s, 2-a)(1,4)oxazin e) (4)

4' 5" -di net hgiatyli pelwtiladisspi ro( cycl ohexane-1, 3' - -

(3H)i ndol e-2' - (2! H) 3"-(3H) napht ho( 3, 2-a) (1, 4) oxazine) 25 (5)
1'-isobuty|-§lSaEg%6HW PEE@* 51 o( cycl ohexane- 1, 3'

(3H) i ndolse- 2{ 5 § 2, B} Anok3HpeaRiid 3, 2-a) (1, 4) oxazine) (6)
6' -fluoro-1'-nethoxycarbonyl et hyl - 8"- net hoxy-6" -
pi peri di nodi 6B r deoyolydheeamscided' - (3H) i ndol e-2' - (2' H) 3"

- (3H) napht ho 2-a)(1,.4)oxazi. 30 (7) 4'-fluoro-1"-isobutyl-5"-nethyl-6"-
mor phol i nodi gg?ré‘&)&&é’llol)?&fé’ﬁ‘&?’i% 3" -(3H)i ndol e- 2" -
(2H), 3"- (3H) papbikoedtéals(;1, 4) oxazi ne) The anount of the photochromc

conmpound is suitably selected according to the strength of devel oped
color. It 1 (1FEB-PUSylPeroxy isqbubpardi®, 0.001 to | part by weight,

preferally OFQ} tLB“QYEPQQQﬁﬂﬁﬁ"Mﬁét e based on 100 parts by weight of the

radi cal 'y polyireri zable " nono In this range, polynerizationis

i able to be(3dnpl at.&d J-rted rshvmtthyldritwl pendx v+ Reethd 1t hexalntostreed cur ed
product has t?g sufficient color strength of the photochrom ¢ conpound and
hi gh phot ocRFB8RF&m durability. Known stabilizers and additives such as a

rel ease agenti1) skbbasiGodutyr@Hi@bics bent, ultraviolet |ight stabilizer,
10 anti oxi dant, color protection agent, antistatic agent, fluorescent dye,

. i c_ag
dye, pi gment ¢ 8Ad2perPEIDLF? te SRR E JvateFeai AEULEA the pol ynerizabl e
composi hison Lsed | nble fHEASRo LyMPNs L PRoAS AR Ik md)DAGL LY ANIOR

energy rays irradiated in the present 15 invention nmust have a wavel ength
of 400 nm ororpie geombigmatimm ofhitsed o gpexerum When the mai n eni ssion

spectrumof the aghivalloneNg Phd Bedops] PHe A9 PMbnt BE 1RGN om ¢

differs according to polymerization conditions, the type of
the initiator and the type and composition of the radically

20 polymerizable monomer and cannot be limited unconditionally
butitispreferably0.001to0ol0partsbywelght, morepreferably
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 abscorption 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



conmpound whi ch has devel oped col or absorbs the activation energy rays for
the cl eavage of the ultraviolet polynerization 20 initiator and the T 1FEB 2005
cl eavage of the ultraviolet polynerization initiator hardly occurs,

thereby nmaking it inpossible to conplete polynerization in a short period
of time, because the photochronic conpodfd generally absorbs ultraviol et
rays having a wavelength of 380 to 400 nmto devel op col or. \Wen 25 the

activation eRér§yorafIMeLe 59 Adicdt BEUAEAlatEBAG FPﬁEp?% IRl REwn and

pol yneri zati gpn et @ M UL LG LM fegOmpound deteriorates di sadvant ageously.
A light source which emts activation energy rays having a wavel ength of

400 nm or nore as Exemplies @fi Sdicorphspethopmic 3¢ompashy, waildhghts sour ce

whi ch has the .nain em ssi.on spectrumof_a visible rapge nay be used as the
light sour ce 0VER HAGCOTTRY ERRIAD: FBR BFCTFRTATTOAFFOR Srarty P, ¢ he
present g nveghipdhndaniyldghdr spul§embi CBoRBbLRdaGhIAY #if iAo QeI OYe T ays

havi ng a wavel ength of | ess than 400 nmas the main emssion ] F E B 2005
16 spectrunmcrdP@3d- an ultraviolet cut filter is used to cut of f or

reduce the activath& ggﬁkgyc; Jﬁﬁ”ﬂgﬁi&ﬁ@%eéﬁ?ghgnFogkhqﬁﬁg%p?ﬁgﬁoo nm

thereby making it possible to suppress | or devel opnen
phot ochr om ¢ ph@tpehxbreish tnad hseusg@naa thghthsomene wringlownmits | i ght

i ncl udi ng acti vation ener rays hayi ng a ﬂavelength of less than 400 nm
Hovever 1t T HRIE HECHR SHTRIST onbl Bhe) §HEAReR e SAMBANRD P S Y Hn
400 nm ofp a lyeBhlyy Source in the actual curing operation and the activation
energy rays may include activation energy rays 10 having an ul travi ol et
range of | esdlhdr 4w renns- 2 of - @iphenglngHnbepzedbdehdp@anaim t hereof is

a wavel engt h ,of )Q _ €as ghyt r.on onpound

devel ops meaé%)cg?gi%%%igtéggé% ﬁ%%ﬁ?gnggng§83€3§§?ﬁﬁgﬂéﬁﬁzwlU|traViO|et
range and abga@)bsipard{mérthdmename + ¥aki eh2Hheegzo{d)shnondnes) 15 case, it
can transmt substantially the actiyvation engrgy .t havi n wavel epngt h
ot 200 nm o Gior St GastSi S FBeRTRErs o thr G praradt P ie Lo or
wher eby 3ol yepr izatmorh s i (191 8v886¢4d .. 31, Iljnehaatd e, exanpl es of the

| i ght source which can be 20 advantageously used in the present invention
i ncl ude a net(RAH) 1Nzl ) ehFomeRe br nedi at e- pressure nmercury | anp,

i gh-pr essur q dipreud ol (. £ BUPES- BLANTRESS PHER YT GUiod gHBA 1 ndAGH LT | CI dal
np, xenon lanp and tungsten [ anp. en a lanp™ such as "a netal halide
| anp or hi ghhemessiuf xchmeomeme | anp
(7) 2,2-dimethyl-7-octoxy(2H)benzo(f)chromene
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[3.3.1.117]d
25 ecane
(2) N-cyanomethyl-6,7-dihydro-4-methyl-2-
phenylspiro(5,6-benzo{blthiophenedicarboxyimide-7,2-tric
yclo[3.3.1.1*71decane
(3) N-cyanomethyl-6,7-dihydro-2-(p-methoxyphenyl)}-4-
30 methyl-spiro(5,6-benzo[blthiophenedicarboxyimide-7,2-tri
cyclo{3.3.1.1°71decane
(4) N-cyanomethyl-6,7-dihydro-4-methylspiro(5,6-
benzo[b]lthiophenedicarboxyimide-7,2-tricyclo[3.3.1.1%"]d

ecane



25 of which light sources emt ultraviolet rays and visible rays ,

sinmul taneously is used, an ultraviolet cut filter or the like nust 'HeFElBs@gﬁ
to cut or reduce activation energy rays having an ultraviolet range. As

t he exposure tine differs according to the wavelength 30 and intensity of
light froma |ight source and the shape dfd constituent conmponents of a

cured product5 it is preferably é)redetern‘i ned by Qar(rﬁyri ng out qorel i mnary
experi ment s. ( SdeNeCABNPMETIRL: T CY FEORT PRY F e §ui’ r 8d 1 ﬂ?g?%(r tion can

be' made muchyshopiie) crhabiblinds aobypshetpacl yIotaalhen drs s 1 R £y 2005

17 <carried out by carrying out exposure for 0.5 to 1 m nut es. \Wen
exposure to thenactivation energy rays is carried out, the tenperature of

the cured pr ct, is generally, raised Y. pQl rizat.i o it. In this
case, when t gqull'f %A "l%gl%plf%?\%JeF taFgl?ég?E?sp&g |§g;’ﬁ6a the cl eavage
of the thermepalzyr®)itZatdpenddidatB6xPLaLAS - by 2p@IrimRId14At3 @), hert [14a
wher eby phot opol yneri zati on and t hernopol yneri zati on occur at the sane
time. When pR&8&Sol yneri zati on and thernopol yneri zati on occur at the sane

time, the ph?ggf;@r_(&?&%me}% -r@pé}éi%p?%%&*ﬂ@sl?")qtd‘l @,rd}rg_cz_cur ed product

obt ai ned by meri zation 1 owers an optical dr'stortion thereof
becones | ar g¢ pdmeadwantrageors) ypidded e6 ebenzwlj bl thiephemzatiatanrteoxfinhe

cured product, of the pol rizapl £onposition during photopol yneri zation
is | ower t hafeHe z'ﬁﬁqr?jqﬁe?tgnber BF8"6f the thernopol ynerization
initiatorpto suppr@asgy khewhre6RpeLAE RaviNGr AR YoBkh Zohe Ok &EL S and
phot opol yneri zation, a cured product having little optical distortion and

excel | ent opPhedlochiranteremay e ¥aedpas SheasRddoHRsdfucrIBouRd. | s
preferred to i : opel .Zat | Qndi L hat
t he tenperat Srightsgc%la%‘:hlg% Gre g%tgdggt%%gﬁ%gﬁg{%%(qggghgg’%nﬁlﬁ??ﬁ?ﬁf&ﬁ

phot opol yner beatowan. To this end, it is preferred to select the intensity
of the activation .enerqgy. rays froma.range of 1 to 2 kWand the distance
bet ween t he gbrr)e p od%m%iﬁg 2%“&8?3\7& on energy rays froma range of
10 to 1005 cMmeirph® 116G 1 her 6 Ue 1 FhasdEst - a5 3r eqBH)ahdINe exppsyf B t 0

the activation energy rays is to be carried out, at |east the face to be
exposed of a-ABiHd NARRTthGE3 (2ahEhat bA¥aZARG)gl ass is preferably used in

this portion ;30 FRardl Q1 V. m@eHpi 6 - 2hs this§R 306 (AT dPane
ys such as quartz glass is preferred but any material may
1,3'-(3H}indole-2"-(2'H)3"-(3H)naphtho({3,2-a)(1,4)oxazin
e}

20 (3) 6'~-flucro-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'-iscbutyldispiro{cyclohexane-1,3"~
(3H)indole-2'-(2'H)3"-(3H)naphtho(3,2-a)(1,4)oxazine)

25 (5) 1'-isobutyl-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"-
piperidinodispirc{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



be used if it is transparent. Polynerization may be carried out ile
pressure is applied fromthe outside during nol ding. Follow ng i 1 FEB 2005
phot opol yneri zati on by exposure to the 41 1 F E B 2905 18 activation
energy rays, thernopolynerization is carried out by heating. In the
producti on process of the present inventildn, prepolynerization is carried
out by phot opol ynerization by neans of the irradiation of activation

energy rays afid fREneXaBBLgmeli 248 B 1 PIChPIRtEd Byt + PEISRFAHEN L i on
by heating. {Shert--ti ; i L ON 1S ry o] :

phot opol ynerf?a?i'tgnfplav\qﬁewgg% éﬁo%a é%o?‘brr%??zg??grs\ P&rrgﬁélcgélr;c boéf rté]cFuced.
When t he or derdicaldwesddmdiatab e meneperyneditzainonhis cangeed out by

t her nopol yreri zati on, 10 a sati.sfactor ured pr.oduct .cannot be obtained in
2 Shor b ber PA TR e S ch AR 5 HELRBHE G o SN RO
heating whi cBsi & 16 RO t orid Bled hGutéd aptabhen Bhst heeaGhirkaldiQht
energy rays, tenperature has an influence upon the properties of the 15
obt ai ned phorederoitEenddim ofSi e PhetockrpRist grEPogmddianidMmigh

i nfluenced by,t : the thernopol ynerization initiator
Epb e qURAEL Sty

and the type o era ri zabl e monomer and cannot be limted
unconditionally, Knowh Pra&thrliedrsanitadidatiaebaqdt abw eebegberagdmn, t he
heat 20 generation tenperature at the end of the irradiation of the

h
activation eMtFRHEAIEAdIT AOSPATRAN + Nt FFydihf il2dh torf tahl i 36 h

tenper atif e. 2A% ildI8 Rl TRt | PRotLARi8hSAgEh S ehd t 1aGEd Nghdip vari ous
factors sane as tenperature conditions, the optimumtinme is suitably
det er mi ned addevodiengeans tdrse dvs. chhgmenbnandGeastamey meyedid mpitavst hod

i whi ch thecto%r:%}:x rn%tq’%:g tp%%%%@&gi%biﬁ%{:oﬁfﬁgr %ﬁﬁs‘éhgjfrﬂ HelFebade !N 1

to 180 m nutes from urerirg en
phot opol yner inateniicandcad hadquiing@rature is maintained for 30 10 to 300

m nutes to conplete polynerization is preferahl enpl oyed. The production
br06ess of the. pr ot SHIIREAGHT FAFHSY 2 oM AL L Yheh 1S AEERPRS
process.; 5t aliipRG i P infd t 1APITL Sy @e 1 BRGPHL06€S 3002 nROIHTRId 7A€ the
conposition is 11 1 FEB 2005 19 injected into a space between nol ds

mai nt ai ned bipad® eMmidSsaosr spgadicam . or Wepacthe BRposHLsdiencsSRgpLEUm of
activation e I%ctI¥Ation energy rays is below 400 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 peolymerization 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 is irradiated for a long time to
complete polymerization, the photochromic compound
deteriorates disadvantageously.
Alight 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 a light source which emits activation energy

rays having awavelengthof less than 400 nmas themainemission



to be cured and further cured by thernopol ynerization by heating, and then
the cured product is taken out. 5 The photochrom ¢ cured product obt dilned 7005
by the process of the present invention may be further subjected to the
following treatnent according to its application purpose. That is,
processing or a secondary treatnent such X dyeing using a disperse dye,

an anti-reflection treatnent or 10 antistatic treatnent by the deposition

of a thin fiSPeSTtIAM Hy STt et esent ¢ bl ¢yt chhpberdinfusedi tansut
coupling ag 0 Uc s..siicon,,.zirconiu ti nony,

al um num ti ??I%E)fr ggkggﬁgé,ﬁg%a&ﬁig%aaﬁ%%&e éﬂsﬁ}%ﬁ-a&ss F‘&é,“gr?dig"% © n%i or
the formati oefofleast hhanf 4bom oi, athergbi mapohynet pdSshyleoasi HigpprysdHe

carried out. By enmploying the production process_of the present_invention
whi ch conbi négepr?@&%ﬁéﬂ%ﬁﬁ?% ShdthenBRREFGIFREH % sqrpuRd and to
phot ochr ogii C yGf E6e RIOHYGH t Wt Gt d Fhibh&sni £ 9Nl gﬁ&?ﬁbgﬁatéc?ﬁ%tfon
phot ochrom ¢ conpound during 20 pol ynerization and has high~color strength

and suffi ci eenlergyhraiisimadineg @ wavebengbhaifhddsisntlzas HGQ niper i Howedet | ne.

The obtai ned, cured $roduct turQ% frongchr natlﬁlto coloredogﬁ?n exposur e

to light incridFad At ASKATIRTY - SOMRGERCAY Sl F GRECTHIN PFhL CFRoTRER

nercury | anp4o@andn eEUANSigRtt BeuPEbIiNAnS TSt @he PPk \Gp&LAPPENCARE
exposure, and has excellent light controllability and repeated durability.

Therefore, tKk&e BGEAVAEAORSRRT PY SRYVE MRY inxeiydie a¢ tdrvgeiian gnesgyhaay fig

hot ochrqgn s o used I oG, ' e
gppl i cat%nn. w??%&%xg;?rdg} g?%?%%??oyméﬁée&gn%{e%g l'citnril Coirypd;;Han?iE\‘/%a g%rr% es

are provi dedther maia mmposeonfspecthen theusbifatisng tevglreaserit of nd@ht i on
but are in ng way taq be n.a imting. ,"Parts" 1 1 F 2005 20 in the
Fol | owi ng xS EShsins 15T hiandibicnsghi & sohmaun® gaPetons uen
monomer The tcelllcawwigh gliecabkyvaoh yheehgallyer APBONEY SnYes® uliSeshyignd e

Exanpl es. 5 ML: 2,2-bis§4-nethacrglo | oxyet hoxyphenyl ) propane M: )
2, 2- bi s(4- neTfRAGS PO BRFPERSIRER x?/%ﬁé’r?yla):ﬁrléf@dh’é?ﬂ PReRgy AR RetRigcol

?TL et 23;1'%{ Ztc%sw,: et APt EwALER1 8 ¥60L+ ShTRRAAY Yhd GcMRat of! drgy
rays having a wavelength of 400 nm or more and can cleave
the ultraviolet polymerization initiator, whexreby
polymerization and cuxing 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-pressuremercury lamp, super high-pressuremercury lamp,
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 is 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



10 Mb: isobornyl acrylate M: a-nethylstyrene MB: a-nethylstyrene diner
2. photochrom c conpound The fol |l owi ng photochrom c conpounds were us€@p 2005
15 2-1. chronmene conpound C :

spi ro(bi cycl o[ 3. 3. 1] nonane-9, 2' - (2H) benzo( h) chronene) C2:

3, 3-bi s(3-fl uor o- 4- net hoxyphenyl ) - 6- nor pAd!l i no- 34 benzo( f)chronene C3:
5-isopropyl -2, 2-di phenyl - 2H benzo(h) chronene 20 2-2. ful gi.de conpound F1:
N- cyanonet hyFa§ T#&8 RYdr BY 23t AR REmPSrA IRgt Ay Psh? rf{E minutes.

6- benzo[ b] t hi ophengilieeaERRYY¥LFLIES A kG vattSldd Endrdvlrays is dardecane
F2: N-cyanonet hyl -4-cycl opropyl -6, 7-di hydro-2-(p 25
met hoxyphenybygpi tbé 3 @npgreneolibg of btheenuth & priodagitnidegenerally raised

L2y oLS o Bt S TL ARG e % 1R QP BEL NS BRE B e i zat som
mor phol i rodi $RmpRiretalehexides 1t o -KBgh | neheec2eavdde of the

(2H), 3"- (3H) napht ho( 3, 2a) (1, 42 oxazi ne) S2: ) ]

6' - fl uoro-1' IREFMARSYMREFF3 R AnAsdaForomesane Py polymerization heat,

1,3 -(3H)ind -2 2 S - ' .l t |.0l et
pol ymeri zat i %%r%b[yf éthor %Efl%%%tgg%g %‘f %)I]%ém%ﬁi%le%g)zu tlr%%/io{) \é%ro

pol yneri zat i et ithiet issmey stivex €6 W8eth pHretdpglymsriwahionpandnt heses after

t he nanes of conpounds indicate a nol ar, absorption coefficient for |light
having & waySRETGIAPRYRAIC: 1 117 PEFRE A CRnfped 19 - Of PEPGE i harre:
N ppon Gda @Rir@hidoty ldf. dhe dpHoBodhxéMi€ 8fired product obtained by

bi s(2, 6-di met hoxybenzoyl )-2,4,4- tri metggl pent yl phosphi ne oxi de (550) and
2- hydr oxy- 2- PREVMRATIZAIHGN | }JowpEheaPd okke (2DtdFalegddstprtion thereof
2,4,6-trinmet hyl | di | hgde ( P3;

2- benzyl - 2-di®réet y ayr%%oﬁ%% &rr‘g%gﬂ%?:é?\g%%ghyl %%gﬁégg-' 1w?§80)th|§4:

nmet hyl benzoy it einpreratadel GoDrthess)réd: progactr e£81he( podgmeardimmabId ppon

08 G0, et s o 5215 ol B YRR QUL o S s, L

t her nopol & N"ehaaat-i10I¥ d Rempir@ti7ee6€ the thermopolymerization initiator
to suppress the proceeding of thermopolymerization during
photopolymerization, a cured 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 reguired.

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 is preferably used in this portion.

30 Particularly, a material which easily transmits ultraviolet
rays such as guartz glass is preferred but any material may
be used if it is transparent. Polymerization may be carried
out while pressure is applied from the cutside during molding.

Following photopolymerization by exposure to the



used. The figures within parentheses after the nanes of conpounds indicate
a tenperature (0 C) at which the half - life is 10 hours. 20 Ti:11FEB 2005

t - but yl peroxy neodecanoate (46) T2: t-butyl peroxy isobutyrate (77) T3:

1,1, 3, 3-tetranet hyl but yl per oxy- 2- et hyl hexanoate (65) T4: diisopropyl peroxy
di carbonate (41) T5: benzoyl peroxide (748 25 T6: octanoyl peroxide (62)
T7: 2, 2- azobls(tz 4-di met hyl val eronitrile) (51) Exanple 1 38 parts_of M,

38 parts of Wadélﬂ%eBFrHB’ T3ESpatRermgpofBmesigationyi s \Farryed gk t of

MB out of th%jﬂ%ﬁ%&ﬂ@d'QQlthé%r@@dﬂ?ﬁd&f@%@egg@yﬁﬁéprgsQﬁt@ﬂﬁeﬂﬁléz

a photochrom ¢ conpound, 0.5 part of T2 as a thernopol ynerizati on |n|t|ator
and 0.5 part p@bp@ﬂmmaﬂxwmmwloarmcym Zat phwe tiopidlivateori zavkeien alided
and m xed to&et her quBf\é mxed sg 3é/as in %ect ed |nto$

consi sting of"®&"§ 8&s af"érg 42518 tac lYa £B2P05T 83 Thuet Y o

et hyl ene-yi n?fﬂol 82 1GR9 | Yeegomplétblichy €aRaRLD oUfymaiildatd B3P r%of a
wavel ength of 380 nm 98 % of a wavel egntﬁ of 390 nm 50 % of a wavel ength
of 400 nm an&eatd g -of Sa%&%tWQﬂOWW@'ﬁl@BtWa@ﬁ@iﬁl@ﬁ‘epgl)t bays as

5 an ul travi %th %tl fid fé“%é%‘g’?p@?e?g“y%%ﬁ r}ﬁn %:[zaalt tlt:%? | anp

and the nold i'ate activation a wavel eng
400 nm or nokan amd::aacﬂucmdj orwmertg;e cna@arhja:ylngvarwaﬂel ehgth iaf, 400 nm
nore as the mai_n em ssion ectrumgﬁs irrsdla ed usin t he net al

hal i de | anp P&\ﬁﬂ?&%%%‘i&%t BFCABHLGP AP oPY rieesL Yt hur e

during i4rad akitaR Rt dBy Mt brAiard0 anddersafldviaidd® il eimaiature
was gradual Iy raised from60 to 1100C over 30 minutes with an air furnace

and mai nt ai n@¢rded 190 ane apd ryuchutipe| fFetidkxeni-on for 2 hours. After
the end of 15 pol yggp %%t ‘tpﬁ cgnﬁﬂd‘ﬁgngr89uﬁ£a§\ﬁ§%@l§§9qgﬁ eéélim%é;?" ass

nol d. The above polyner zation conditions are ness
The Rockwel | aftrednedse (dtnadfatihenobfathedactiee tiomdwrterd?0 dans ckness of

2 d th the Rock h t f Akash Lt d.
ot ol o G et e T8 YR pERE R BR 3y s Te Pr e S P oy Ui

15 obtained photochromic resin. Since this temperature
condition is influenced by the type and amount of the
thermopolymerization initiator and the type of the radically
polymerizable monomer and cannot be limited 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
atahightemperature. Asthepolymerizationtimealsodiffers
according to various 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 %0 to 120°C in 1 toc 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



was observed under crossed N cols. The cured product was 25 evaluated as O
when no optical distortion was observed and X when optical di stort'}ippEBN?[m
observed. colorability and deterioration during polynerization The
colorability of the obtained cured product was evaluated by absorbance
(ABS.) at the maxi mum absorption 30 wavelé&ngth (kmax (nm)) based on col or

devel oped by the photochrom c conpound by irradjating the cured product
with [ight FPIRFLRE 1092805300 bRt weL 1DHARAHHH t aipe S PYHRREIASSPmer
Phot oni cs Cogagkld- of RGN 2 I +Hd ( L 3, at
25C1C and a gggm st?engt h on t@}ﬁg%é%%r%?g?:etﬂlélIEE%%’C?O%E%%?)?B&%&%{J?%?&I r%duct
of 365 nm = 1@ bW cnZefdorankb Secinds.cuddd ket eheomapodymefritderion by

hot ochr omi d _duyi | i zati luated by th i st
of the initiBFata80r ARG P Phe R Gt §F R ARUE RodSr BEREE CABS. ) at the
nmaxi mum % absor pt i 9ReWRYSt 6881 Hmf Lreuxrd o dR{1068 teainda B9VEh ORI dss

repeated durability The retention (9% of absorbance by the above
measur enent Ofethed PaREeN & Havenelepriorlyicke wAs T ghesr sabdest brtdthmour s

by the X2 f L Kegki ; O
e O T IR pad oy SR,

= (absorbance a nment maxi num-apsorp
wavel engt h afhet idetprooeating) o6fadhswdianteratt tdwthéeén® Diclk@HrAdyeing
devel opnment at the maxi mum absorpti on wavel engt h before deterioration) X

100 15 The aB8¥89r BsGHEPEHTE Htfn T Fkbt 7T LeBARP &SRR He

procedung of aE¥3eRke ik Wae S1eREA! &y BHeERie Jd¥Alt i AIP| AR I GAld O MRS T ed
out using a photochrom c conpound, =~ ultraviolet polynerization initiator
and 20 t her nhpafy geaitz ademt i9f4ntiorl khovwwmpasgdbpE 2 gAdene asmliltiinghs

shown in Tab %geéﬁoﬁq?a%%qv§0$§§y££§ s%rc?l g@@%&'c%n T?%cgoéiggo 'Q?&rn%hﬁrn “of

Exanmple 1 On opol'yneri zati on was carri ed out proce
Exanpl e 1 waalnepeatnedt2xoeptt dngateon pvr #hetioloyidsl gathans \SEO.carided

OUt o1 ANl LG O PRLMIEE 220400 Ll IALGE conoun, L0201 L e
Conmpar atligye Byagpla® 1A ShRolpdesdzaié@nodas carried out using an
ultraviolet By empleying 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. T“Parts”



pol ymeri zation initiator having a nolar absorption coefficient for |ight
having a wavel ength of 400 nmof less than 150 liter/(mlcm. The 171 FEB 2005
procedure of Exanple 1 was repeated except that photopol ynerizati on was
carried out using 1 1 F E B 7005 24 the ultraviolet polynerization
initiator shown in Table 1 wunder conditisdhs shown in Table 1. The results
are shown in_ Table 3. Conparative Exanple 3 5 Only thernopol yneri zation

was carried &%t FPAnd okt PP EaNPERNE WRETEE LTt ¥§1Sdept that only

t her mopol ymeni zat i Qi ¢42%; 108 'd X i2HWeE qoRghEions shown in Table 1.
The results are shown in Tabl'e 3. Exanples 10 to 12 10 A mi xture of a

phot ochrom ¢ conpoThe fasl heeeich asradiecabhipt pehyweatrizebipomodoniEs pregoedur e

of Exanple 1 _was, .repeat except that polynerization was carried out using
t he phot ochr 8# (ﬁﬂéﬁhﬁéﬁkﬁwgf€§lolet pol yneri zation initiator and

t her mopol y nemizatd ,@n i (4 ahOFhSEOPWo ¥ Do aBt BokyphinyNderozdid ti ons shown
in Table 1. The results are shown in Table 3. Conparative Exanples 4 to 6

Onl y phot opoMrierd - Zathieh( 4vike Erg e o pLexXYPRRE tagitheEyRphe ndfl JB&aiAns 10 to
12 0 i ti i ed t
was repeah%q %??a¥h§%§§%§%$%ﬁﬁf qﬁ@8£898k¥ﬁﬁEhza ion was carried ou

under condi tions shown results are shown in Table 3.
Exanpl es 13 ™d:19eliraagulockbshe eghf cdk adpnethavaglaepeat ed except that

pol ymeri zati gn ma%Tcarried out using 70 parts of M3, 20 parts 25 of M4 and
10 parts of M8 aSdi¥thita Tot8aerTLabfe nonomers, photochroni ¢ compound,

ultraviolet pel.y Bduatden ddiyiag¢or and thernopol ynerization initiator
shown in Table 2 under conditions shown in Table 1. The results are shown
in Table 3.M3I0 CometrltatlseyEsmepl es 7 to 10 Only photopol yneri zati on was
carried out. of gkg le 13 was repeated except that

. : Qe RSGRIL S 0dn e : : :
polynerlzatly wal "CHrH E BuT T UsthGTan ul travi ol et pol yneri zati on
initiator sha@wn i nphaldochXxdwid reatpatndig |ight E1 F E B 2005 25 for only
20 minutes. The re%ﬂé5%3%f%é¥gg“hﬂé¥ggﬁ4§h%¢ compounds were used.
15 2-1. chromene compound
Cl: spiro(bicyclc[3.3.1]lnonane-9,2'-(2H)benzo(h)chromene)
C2: 3,3-bis{3-fluoro-4-methoxyphenyl)-6-morpholino-3H-
benzo(f)chromene
C3: 5-isopropyl-2,2-diphenyl-2H-benzo(h}chromene

20 2-2. fulgide compound
Fl: N-cyanomethyl-6,7-dihydro-2-(p-methoxyphenyl)-4-
methylspiro(5.6-benzo[bjthiophenedicarboxyimide-7,2-tric
yclo[3.3.1.1%*71decane
F2: N-cyanomethyl-4-cyclopropyl-6,7-dihydro-2-(p-

25 methoxyphenyl)spiro(5,6é6-benzo[blthiophenedicarboxyimide-
7,2-tricyclo[3.3.1.1%"]decane
2-3. spirooxazine compound
S§1: 1',5"-dimethyl-4'-fluoro-6"-
morpholinodispiro(cyclohexane-1,3"-(3H)indole-2" -

30 (2H),3"-(3H)naphtho(3,2a)(1,4)oxazine)

S2: 6’-fluorc-1'-methyl-5"-nitriledispiro(cyclochexane-
1,3"-(3H)indole-2'~(2'H)3"-(3H)naphtho(3,2-
a){l,4)oxazine)

3. ultraviolet polymerization initiator



In Table 1, conpared with Exanples 1 to 3 and Conparative Exanple 3 (only
t her nopol yneri zation) in which the sanme radical polynerizable nong B@ﬁs
t he same photochronmic 5 conmpound were used, the total polynerizatid tEi
required for the production of a cured product was greatly reduced in
Exanples 1 to 3. In Table 3, conpared w tdl Exanples 1 to 3, Conparative
Exanple 1 (only photopol ynerization) and Conparative Exanple 2 (the nolar
absor ption coef fi ciféft T 1Py i Wiiraxd olet polymerization iimitistersmas

| ess than 150 i (ells .(MBhemE) 0y Re GYERYnPLAGUGES, QR ainad in Examples |

and 3 had high hardness, were Aot col'ored™i Aiti a y and Frad™ hi geh

col or abi | i t yofRonpeunds heddkuaajmdloaun:&ibmﬁplumbﬁ_m?ﬂ&/cﬁm Femtlignt
ility. 11 1 F E 2005 26 ~_ 3 : -

00b0000000C0B 6_It Eoﬂarﬁeéed‘i%c? !‘3‘19\1‘%%d.ﬁ1%%?fﬁk6‘?f1)'%a)ﬂ"- a) P ow S

.rio Ny 1CphY: f CCINQAYINNNY DN 7dmd 21 Bifpohlciba Geigy Co., Ltd.)

al: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-1life
is 10 hours.
20 Tl1l: t-butylperoxy neodecanocate (46)
T2: t-butylperoxy isobutyrate (77)
T3: 1,1,3,3-tetramethylbutylperoxy-2-ethylhexancate {65)
T4: diisopropylpercoxy 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 cut 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 @ mold consisting of a glass plate and a gasket
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r-1r-1NGnri P, Lf)Nri 044AaL4GrL!) v.H , anawawaa. waa x Or- I\/D"MOOnOa
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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
5 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 irradiated using the metal halide lamp having
i¢ 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
ocut polymerization for 2 hours. After the end of
15 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
20 (thickness of 2 mm) was measured with the Rockwell hardness
tester of Akashi Co., LtAd.

optical distortion

The optical distorticn of the obtained cured product

was observed under crossed Nicols. The cured product was

25 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
30 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°Cx1°C and a beam strength on the surface
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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
coloring of the curedproduct (abscorbance (ABS. } at the maximum

5 absorptionwavelength (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.

i0 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

15 The above results are shown in Table 3.
Examples 2 to 9

The procedure of Example 1 was repeated except that
polymerization was carried cut using a photochromic compound,
ultraviolet polymerization initiator and

20 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

25 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 in Table 1. The results are shown in Table 3.
Comparative Example 2

30 Polymerization was carried out using an ultraviolet
polymerization initiator having a molar absorption
coefficient 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
5 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
10 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
15 1 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
20 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
25 of M4 and 10 parts of M5 as radical polymerizable monomers,
photochromic compound, ultraviclet polymerization initiater
and thermopolymerization initiator shown in Table 2 under
conditions shown in Table 1. The results are shown in Table
3.
30 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

polymerization initiator shown in Table 2 by irradiatinglight
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for only 20 minutes. The results are shown in Table 3.
In Table 1, compared with Examples 1 to 3 and Comparative

Example 3 (only thermopoclymerization) 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 cbtained in Examples 1
and 3 had high hardness, were not colored initially and had
highcolorability. Further, the obtained curedproductswere

excellent in repeated durability.
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A process for producing a photochronmic cured product, conprising theFEh (s
of : phot opol yneri zing a pol ynmeri zabl e conposition conprising (A) a radical
pol ynmeri zabl e nononer, (B) an ultraviolet polynerization initiator having
the main absorption at an ultraviolet range and a nol ar absorption
coefficient for light having a wavel ength of 400 nmof 150 liter/(nol-cm
or nore, (C) a thernopolynerization initiator and (D) a photochromc
conpound by irradiating activation energy rays having a wavel ength of 400
nmor nore as the nmain em ssion spect pggrmgnd further thernopol yneri zi ng

t he conposition by heating. 2. The process of claiml, wherein the

t hermopol yneri zation initiator has a tenperature of 400C or hi gher at

whi ch the ; hal fy ljdeclRergef pkgdaglﬂgués%h?togﬁ% P, 1.

wher ei n the phot opol yneri zati on yneri zabl e conpégltlon S
carried omomrlﬁh@gs&m stepperéture or less as a terrperature at Whl ch t he

hal f-1ife of %@% g%@%h% rlza%?oﬁm?ffléﬁfu(gom os(% M MRFdsii

process of cIa|n1 rei i the ph ynerizatio e po ynerlgable
conposi ti ofn)i s acma:duedlopblgtnemzhbhpemammmerpf EaOGlrorulltﬁSssuoEetThe process

of claim 1, wherein the photopol rization of . th neri zabl e
ConpOSItl(H?¥x9%£%%%té8 &plpagt@¥HE§81§@0the main é%é%r tion at an

ultravicolet range and a molar absorption ceoefficient for light
having a wavelength of 400 nm of 150 liter/(mol-<cm) or more,
(C) a thermopolymerization initiator and (D) a photochromic
compound by irradiating activation energy rays having a
wavelenath of 400 nm or more as the main emission spectrum;
and

further thermopolymerizing the composition by heating.

2. The process of claim 1, wherein the thermopolymerization
initiator has a temperature of 40°C or higher at which the

half-1life thereof is 10 hours.

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.

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 of

the polymerizable composition is carried out for 0.5 to 100

minutes.




mnutes. 1 1 FEB 2005 33 6. The process of claim1, wherein

t hermopol yneri zation is started at a tenperature higher than the
tenmperature of the product at the end of photopol ynmerization and 1f ufgpegs
raising the tenperature. 7. The process of claim1, wherein the
tenperature of the product after the end of photopol ynerization is raised
to 90 to 120C and thernopol ynerization is allowed to proceed at that
tenmperature for 10 to 300 m nutes. 33

6. The process of claim 1, wherein thermopolymerization is
started at a temperature higher than the temperature of the
product at the end of photopolymerization and further raising

the temperature.

7. The process of claim 1, wherein the temperature of the
product after the end of photopolymerization is raised to 90
to 120°C and thermopolymerization is allowed to proceed at

that temperature for 10 tco 300 minutes.




