1 DBESCRI PTI ON POLYMERI ZATI ON CURABLE COVPCSI TION 5 Field of the Invention
The present invention relates to a polynerization curable conposition which
provides a cured product having excellent photochrom c properties and
strength characteristics and which has high storage stability. 10
Description of the Prior Art Photochrom c gpectacles function as sungl asses
outdoors where their |enses darken swiftly upon exposure to |I|ight including
ultraviolet radiation such as sunlighrsardptGoxs normal transparent
spectacl es i ndoors where their | enses recover transparency w thout

exposure. Demand for photochronic pl astic spectacles in particular is

growi ng. As one of the a5?$¥é spectacle | ens
havi ng phot ochrom sm there I'S %%omm a nme dﬂ§2€0¥£8§£%§alnlng a

phot ochrom ¢ | ens by dissolving a photochrom c conpound in a polynerizable
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met hod"  her eFd&l t whi ch photochrom smis provided

si mul taneous with t l%ﬁeﬁg@u.fs@ﬁfturlew@fnta&ne%1&%%@&@@@31@%&%&1%
photochrom c plastic l'ens is obtained in a single step, as conpared with a
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Phot ochrom sm_i s d .phot oc (of0) und sorbs opti cal
energy to cauS&E g@%rg%ﬁtoqanﬂl (ﬁ;oi% ﬁ%ﬁ1an&q%¥ei ti%ochrom’c pl astic
| ens obt ai ned chyalche dikrass reidiathi As r&sohgtgmrywﬁacgeccgmnrmlﬁ}s di sper sed
in a cured matri x, photochrom c properties such as color devel opnent
density ah¥ fadlng rate i nherent to the photochrom c conpound cannot be

fully develop%gscglggg% CAFeThe? prifsS Ayk because the structural change of

t he nol ecul e of—the
Photochromic spectacles function as sunglasses

outdoors where their lenses darken swiftly upon exposure to
light including ultraviolet radiation such as sunlight and
15 as normal transparent spectacles indoors where their lenses
recover transparency without exposure. Demand for
photochromic plastic spectacles in particular is growing.
As one of the methods of manufacturing a plastic
spectacle lens having photochromism, there is known a method
20 for obtaining a photochromic lens by dissolving a
photochromic compound in a polymerizable monomer composition
and polymerizing it (to be referred to as “inmass method”
hereinafter). The method in which photochromism is provided
simultaneous with the manufacture of a lens has an advantage
25 that a photochromic plastic lens is obtained in a single step,
as compared with a method in which photochromism is provided
after a lens is molded.
Photochromism is developed when a photochromic
compound absorbs optical energy to cause a reversible
30 structural change. In a photochromic plastic lens obtained
by the inmass method, as a photochromic compound is dispersed
in a cured matrix, photochromic properties such as color
development density and fading rate inherent to the

photochromic compound cannot be fully developed in most cases.



phot-ochrom ¢ conmpound is readily restricted due to a very snmall free space
in the above matrix as conpared with that in a solution. This tendency is

mar ked when a hi gh nol ecul ar 5 wei ght phot ochrom c .conpound is dispersed in
a cured matrix having high hardness and heat resistance. For exanple, when.
a photochrom c conpound having a nol ecul ar,wei ght of 300 or nore is ,
di spersed in a curable conposition which is commonly wused as a plastic |ens

matrix, the faging;baldcdide pfe EREULLUP @tﬂgﬁggﬁfgeﬁg}o@pg?%&%%h\éﬂy
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the solution.

15 As a curable composition which provides a photochromic
cured product free from the above problem, that is, having
excellent photochromic properties and high hardness and heat
resistance, there is known a polymerization curable
composition (may also be referred to as “prior art

20 composition” hereinafter) which comprises (A) a
polymerizable monomer having an L scale Rockwell hardness
of its homopolymer of 40 or less, (B) a polymerizable monomer
having a functionality of 3 or more and an L scale Rockwell
hardness of its homopolymer of 60 or more, (C) a bifunctional

25 polymerizable monomer having an L scale Rockwell hardness
of its homopolymer of 60 or more, and (D) a photochromic
compound (see the pamphlet of International Publication
No.WO01/05854) .

The above prior art composition is extremely useful

30 as a raw material composition for manufacturing a
photochromic plastic lens by the inmass method. It has been
found that when a cured product obtained by curing the

composition is to be used in rimless spectacles which have

been popular (rimless spectacles comprising lenses having



| enses at the tinme of use, both of which are interconnected by hinges
screwed into the lenses) , the lens may be cracked by drilling a hole in
the lens, or the lens of a fixed portion 5 nay be broken by applying a | oad
to the fixed armnenber even if there is no problemat the tine of
drilling. Then, the conposition of the aboye prior art conposition was
studied in order to find the reason why strength at the tine of drilling or

after drilling (Jepeald el Qe d16f Mdnbisd Bsr "ﬂédiiﬁ t@{é ef@é}?%ctive
a

hereinafter) |lowers. As a result, it has been found ~when the anmount of
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scal e Rockwel | I S i f.\60 r . S
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phot ochromic properties when'the anount of the polyfunctional nononer is
too small. Wen furtthen, $hedicompesid igeewihdde Fdwate @ridy st nding, it

has been found that..a photochr.om.c curabl e. conposiiti may be al so
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t he above requirenent, and the conposition has been propose refer to JP-A
2005- 68192) . “d yalzoviez dlnijwr ovedreapesiinigoa puoetdesaditurell praxdusirehavi ng
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than the fadi R more” (may also be referred to as “polyfunctional monomer”

15 hereinafter) is large, the drilling strength of the cured
product greatly lowers. It is considered fromthis fact that
the amount of the polyfunctional monomer should be reduced
to improve the drilling strength but it has been found that
there exists trade-off relationship that it is difficult to

20 obtain excellent photochromic properties when the amount of
the polyfunctional monomer is too small. When further
studies have been made based on this finding, it has been
found that a photochromic curable composition (may be also
referred to as “improved composition” hereinafter)

25 comprising a specific amount of the above polyfunctional
monomer contained in the polymerization curable composition
and a specific amount of a specific polymerizable monomer
having a structure that two phenylene groups are bonded
together by a specific group as the bifunctional

30 polyemrizable monomer can satisfy the above requirement, and
the composition has been proposed (refer to JP-A 2005-68192) .

The above improved composition provides a cured
product having the following excellent features. That is,

the fading half-1life of the photochromic compound in the



hal f--1ife of the photochrom c conpound in the solution, and the cured
product has a tensile strength defined herei nbelow of 20 Kgf or nore. 5 The
term"fading half-life" as used herein neans the tine required for

absor bance at a nmaxi mum wavel ength to be reduced to 1/2 of absorbance at
the time of col or devel opnent when exposuje is stopped after the

phot ochrom ¢ conpound devel ops col or by exposure and is an index value for

fading 10 rat eusdidcbricsiuete ief Fhea iiRed JrMeEdsaaniorfit aHONiKe RHORFLI es.
That the fading_half-life of the photochrom c conpound contained in the
matrix is 30 PAEsldfe edsthe Rhatqdpigmir compesingt ipekhe SRl intf éngbly 7
times or |essynopahtlgyAducPhebes 3Unk 3 e LEBsngtn! &6 AADaRE ! 15
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t he sol ve for the_above_ pheotqchrom¢_c oynd sol ution is not

particular?y lini teage EERD eﬁ%gwgg%?fﬁfﬁbn?%yla%tﬁ?éi}%em means hendar d
solvent. 20 Themabsehutieewakue absbbBahadi 9 datdximie vﬂivél@;gf«‘.lﬂ% ol oduct
is 4 mnutes or |less, preferably 2 mnutes or less. The tensile strength is

an index for &educedgtatl/éhgfmbserbanes atehae tdma pEreplrnexiedopngnta
s ot et | . _ . ; ;
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mmthick 25 di's € tést sanp t maybe curve i n surface
area of 10 todéedndswebhotwWoypexpbsurxisgideils an ingestval ghtfod ifeeipassi ng

t hrough the center of gravity or near the center of gravity of the test
sanpl e antP cr5§‘§|ené’%t1ﬁ: t“@stonsearﬁ’pflné%eam?sz? MARREE %“Qﬂﬁ? Pints of

intersection betyren jlhe 3@hatrahgh%a&iﬁ@_m1f@f@%ﬂ RIS Yhef crhshalr ate
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the test sanpbarttsdalllayly preferably 5 times or less longer than the
15 fadinghalf-life of the photochromic compound in the solution
means that the photochromic compound has excellent
photochromic properties. Although the solvent for the above
photochromic compound solution is not particularly limited,
ethylene glycol dimethyl ether is used as a standard solvent.
20 The absolute value of the fading half-life of the cured
product is 4 minutes or less, preferably 2 minutes or less.
The tensile strength is an index for drilling strength.
It means tensile strength obtained by a tensile test in which
two 2 mm-diameter holes are drilled in a 1 to 5 mm-thick
25 disk-like test sample that may be curved and has a main surface
area of 10 to 40 cm® with two points existent on any straight
line passing through the center of gravity or near the center
of gravity of the test sample and crossing the test sample
and 4 mm inward from two points of intersection between the
30 straight line and the periphery of a substrate as the centers
therecf, and two 1.6 mm-diameter stainless steel rods are
inserted into the obtained two holes and fixed to the upper
and lower chucks of the tensile tester, respectively, and

pulled at a rate of 5 mm/min. In the tensile strength test



occurs near the drilled holes, and the tensile strength of what is
generally used as a spectacle lens is rarely affected by the shape of a
matri x. Since the shape and size of a 5 spectacle |l ens before and after it
is processed into an ordinary use formare within the ranges of the above
test sanple, the above tensile strength bgconmes an index for the drilling
strength of a spectacle lens as it is. Wien the above tensile strength is
used as an i ndefiheyd v, Ithendek® raidtdret bfofthe $Reet ach® leeRSuallly S
preferred that one of the twg holes should be drilled at the same position
or al nost thOCSHRE PESTt FHF EThhER BOLPRY e3RAfihRE qshiake st rengtd @f
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into the actual use formto carry out a tensi test. The tensile
strength of abypéttcachadeerns whimstian béingsedhien shiapeesnds pdcteacifes i s 20

Kgf or nore. Wien. .the tensile strength is 20 Kgf, or nore, it means that
good resul?s S&thﬁ‘ﬁﬁﬁ A&d P(ﬁﬁoﬁ?e a%tdr:iatﬁo:re]ﬁs]etgcffs HEGRTRAS s in 20
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conposi tion dees ARG sl kRHALE VPRI dfibarat theSsakeRbsak idnl OWiaimar at ure
(10C or lower) for 1 year, when it is mxed with a photochrom c conpound
(col ori ng mat ttéwe) samedPeptionhascehpbsat ronlges | byameguethar tise an arm
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lens processed into the actual use form to carry out a tensile
15 test.

The tensile strength of a spectacle lens which can be
used in rimless spectacles is 20 Kgf or more. When the
tensile strength is 20 Kgf or more, it means that good results
are obtained from the monitor use of the spectacle lens in

20 rimless spectacles and a large crack (a length of 0.4 mm or
less) is not made by drilling a 2 mm-diameter hole at any
position of a matrix at a revolution of 2,100 rpm (a speed
of 1 hole/second or less as a standard).

The improved composition provides a cured product

25 which can be advantageously used as a photochromic plastic
lens for use in rimless spectacles. When further studies
have been made on this composition, it has been found that
the composition has a problem with storage stability.
Although the polymerizable monomer itself used in the above

30 improved composition does not deteriorate even after it is
kept at a low temperature (10°C or lower) for 1 year, when
it is mixed with a photochromic compound (coloring matter)
and kept, the composition yellows due to the deterioration

of the coloring matter. When a photochromic lens is



|l ens is colored under no illumnation. Summary of the Invention 5 1t is
therefore an object of the present invention to provide a conposition which
knproves the storage stability of the above inproved conposition and can
exhibit the excellent features of the inproved conposition wthout the
deterioration of its quality even when it is kept for a long 10 time. The
inventors of the present invention have conducted intensive studies to
attain the abguau¢hi-etl-e@Nd AV eHOWRd 1dRa dPARWMSPODIEE SHhA%d
attained by blending a specific light stabilizér with a polynerizable
mononer conposenPoAsS15olereds pader ao dililymines ignesent i nvention has been
acconpl i shed based on this finding. That is, the present invention is a

pol ymeri zation curable conposition conprising: (I) 100 parts by mass of a
pol yneri zabl e sommam®r of2@heomp@sintien consi sting of (1-1) 10 to 80 nass% of
a bifunctional pol¥ner|zable nmononer represented by the follow ng formula

(1) , (1-B 1 to 15Thes3kAref Yot WURCIEShaPE HRof \Bess St i vifsHG MY to
represented b ol | Qi FapN] =N | mp AL 9 a
poIOyrreri zabl eisrrr%%rc%r <Elot((?%\%%'g&g%git a‘ﬁh](#lg)l mpand (SI( ]t-Zh;Q s(QIOI%%\Q% OS%%%??%?Larts
by mass of a pliotbehrboive iopmeoeddccamds(iltiiion Gr@arn extbipdr tthey nmass of

| i ght stabili whi ch | d. havi C ,
5.2 6.6 tetraftCRyLeR  EBRFRIGE OB0CRE RIS S SRS ISP SremSnthea
conpound repr geebi-edrly i chheffDtd iald thoeehawheén it/ i 0xBptPIOr & hong

-11-0 CHCHZC)/., X, 1 OCH2CH O11CCH (1) n Pl R2
10 time.

The inventors of the present invention have conducted
intensive studies to attain the above object and have found
that the above object can be attained by blending a specific
light stabilizer with a polymerizable monomer composition

15 in a specific ratio. The present invention has been
accomplished based on this finding.

That is, the present invention is a polymerization
curable composition comprising:

(I) 100 parts by mass of a polymerizable monomer

20 composition consisting of (I-1) 10 to 80 mass% of a
bifunctional polymerizable monomer represented by the
following formula (1), (I-2) 1 to 15 mass% of a polyfunctional
polymerizable monomer represented by the following formula
(2), and (I-3) 5 to 89 mass% of a polymerizable monomer other

25 than (I-1) and (I-2);

(IT) 0.001 to 5 parts by mass of a photochromic
compound; and

(ITII) 0.001 to 0.5 part by mass of a 1light stabilizer
which is a compound havinga 2,2,6,6-tetramethyl-4-piperidyl

30 skeleton, particularly preferably a compound represented by

the following formula (3).



wherrein RL and R2 are each independently a hydrogen atom or nethyl group,
R3 and R4 are each independently hydrogen atom or al kyl group having 1 or 2
ecarbon atons, -X- is -0-, -5-, 5 -§(=0)2-, -C(=0)-0-, -CH2-, -CH=CH or
-C(CH3)2-, and mand n are each independently an integer which satisfies (m
+n 2to30. 0 RRORICCH2 (2) I b R5 wherein R5 is a hydrogen atom
or nmethyl group, -R6- is -CH2CH2O , 10 - CH2CH(CH3) 0- or

-C(=0) CH2CH2CH2CH2CH20O -, R7 is a tervalent or hexaval ent organic residue,
ais an integer of Ogto 3, and b is an integer of 3 to 6. :hRB O

1 (CH2} ~- CO NR9 (3) I g wherein X e h i ndependgntly a hydrogen
atom or 15 net hyl gnoup, { and i to 1?. Be8t Mbde for the
Enbodi ment of M-S mEenb (SHEHdofposrrionthf {he
present invention| conprisg¢s a/gpe ic po zabl e fpomer 20 conposition
(may be referred tRh as "noRlomer conposition” hereinagter) (1), pa

phot ochrom ¢ conmpound (11) and a specific 8 Ilight stabilizer (111) By using
t he above specific nononer conposition (1) as a polynerizabl e nononer
conponent, the obtained cured product has high drilling strength and

excel | ent photvbeltiedn &' pupaer’t hee. edcHehedépéndent by fa nstdrogEy et oaf drhe
above pol yneri zabl e nononer_gonposj ti on The npnoner conposition (1)

).
used in the pP&&&WL 9FﬁVEnt$oﬁrf%%sF%F%eéF%t#Eg?Eﬁ¢%$PEﬁYéﬁﬁﬁﬁﬁﬁﬁl§iGWL1),

(1-2) and (1o3) alkhe &PLAD RAPLAG Olort BesgareRAPLRSALS 15 100 mss%s. (1-1)a
bi functi onal pol ynerizabl e nononer conponent (may 10 al so be referred to as
"specific i fuddt=0dnal nBheberO-, hefRi naf-1@&=-CH-epres€riCéd) by, tard abewne

formula (1)

n are each independently an integer which satisfies (m + n)

= 2 to 30.

0
RV‘{_O_GRﬁ)fg—C:CHQ (2)
a I b
RS

wherein R® is a hydrogen atom or methyl group, -R°- is —CH,CH,0-,
10 -CH,CH (CH;) 0- or -C(=0)CH,CH,CH,CH,CH,0 -, R’ is a tervalent
or hexavalent organic residue, a is an integer of 0 to 3,

and b is an integer of 3 to 6.
NR8 ocm}mwﬁo NRS (3)

wherein R® and R’ are each independently a hydrogen atom or

15 methyl group, and n is an integer of 5 to 12.

Best Mode for the Embodiment of the Invention

The polymerization curable composition of the present
invention comprises a specific polymerizable monomer
20 composition (may be referred to as “monomer composition”

hereinafter) (I), a photochromic compound (II) and a specific



(1-2) a polyfunctional polynerizable nononer conmponent represented by the
above fornmula (2) (nmay also be referred to as "specific polyfunctional
nononer” hereinafter) 15 (1-3) a polynerizabl e nononer other than (1-1) and
(1-2) (may also be referred to as "other nononer" hereinafter) In the above
formulas (1) and (2), Rl, R2 and RS are egch independently a hydrogen atom
or nethyl group, and R3 and R4 are each independently a hydrogen atom or

al kyl group 2 i z +C n a t yl
A ISQ_%"{% anﬂ,l@& é gﬁ)ﬂ tx%@) mﬁeaéhé abo% é‘%_‘c_:ﬂfi?é'ﬁhdﬂonﬁ%xh
and -R6- is -@amawlo:mme@@) @Ol(wﬂeI@Z(ab@)e mammz:@mmt Rhd s a
tervalent to h%ﬁaval Nols ar}:lc r esi due § refcfra]ab]bﬁy a terval g

hexaval ent ?&charcﬁloﬁ grpod3 a}msl'f ar ri/gastt%?%%‘f n?n

hydr ocar bon glkegide] 1And" pheltb@dlxema@pb@opferﬁiess A-dé8y S prbiRcid fic-dts an
integer of 1 to 3). Exenplary structures of the group are shown beI ow. H2 -
CH2 - CHz 5] Eiverpofis tam abque®Prl yosr @%qzmomcowum (Bo 9
Further, mand n ar a q‘%rys it i (m+ n) =
2 to 30, and a and ghgr Ee\nIzl)élllr(IDIE}%%{)ege flxﬁlgﬂlto a;wr}rlpnr%t}géggrs%%&gt
respectively. 151v©ntt1min spesiibte df fulmtfpdtia)mlmgnompsnennst (Tal) ng lt-hB

above conponent (| a bi fu i_onal ner of the above in
which (m + n) 3°d f%s ) (B¢ 80 g%i rag?b’&ﬁg?%&lesten‘éo‘%%%ﬂ‘éﬁtls(g |’T}‘?‘Et prl or
art conposi ti qm-di %Cm%c@&oﬂﬂeﬁmﬂzéﬁlé R Wshp S £ Cakd$n

No. WO01/ 05854, 10 that is, ol yneri zabl e nononer i ncl udedpl n bi func i onal

pol yrer i z&®| e a0 sy s}-‘etf&ﬁ &P @%dmr@mmufumm ednemey ¥
honopol yrer s % r%q %gtrgr%r mre?llgge%ctd l,{g)r}:}qﬂg;c f)(; r“‘f ?%/e formula (1)

in which (m+ n correspond orrponen of the prior
art conpositi qr,- 2) a polyfunctional polymerlzable monomer component

represented by the above formula (2) (may also be referred
to as “specific polyfunctional monomer” hereinafter)
15 (I-3) a polymerizable monomer other than (I-1)and (I-2) (may
also be referred to as “other monomer” hereinafter)
In the above formulas (1) and (2), R, R? and R® are
each independently a hydrogen atom or methyl group, and R*
and R* are each independently a hydrogen atom or alkyl group
20 having 1 or 2 carbon atoms, that is, methyl group or ethyl
group. -X- is -0-, -S8-, -S(=0),-, -C(=0)-C-, -CH,-, -CH=CH-
or -C(CHs),-, and -R®- is -CH,CH,0-, -CH,CH(CH;)O- or
—-C (=0) CH,CH,CH,CH,CH,0-. R’ is a tervalent to hexavalent
organic residue, preferably a tervalent to hexavalent
25 hydrocarbon group, the most preferably a tervalent
hydrocarbon group. A preferred example of R’ is
(-CH;) 3C-CcHzey1 (c is an integer of 1 to 3). Exemplary

structures of the group are shown below.

CH2 - CH2 - CH2 -
_CH:" | "CH,CH, _CH; CH(CHa), _CH; CH,CH,CH;
CH2 - CH2 - CH2 h—

30



15 t-hat is, a polynerizable nononmer having an L scal e Rockwel |l hardness of
its honmopol ynmer of 40 or less. The term"L scal e Rockwel | hardness" as used
herein is a value determ ned based on JI'S K7202, specifically a val ue
obt ai ned based on the equation (130 - 500h) froma difference 20 h (unit:

mm) in the depth of penetration of an indegter between when a standard |oad
of 10 Kgf is first applied to the surface of a cured test sanple by using a
steel ball having a dianeter of 6.350 mmas an indenter and when the
standard load is returned after a test |load of 60 Kgf is applied to the
surface 25 of the Fé‘§tth§éfmﬂ‘ andn ppstasah irdergnpgerElyan Hetegeswtiich

bi functi onal * Jgna/Ele Ayl hepgoupgnegts§!- g Wil 15 £ALY Bgd:eband

can be advantageously used i ncl
2, 2-bi s[ (4- metthaor Bl ayﬂdomypmqtagmxyjﬂomertyd lepr my&ect&ﬁrd]@ver age value of (m

+n) is 2), the sa bove a al ue of sane
as Ziblove %deerage \EPEeOP P\é(c % ﬁ?%’%’loéj%m? e§§ %%%%l%lé%/%’?ﬁg}g"eval ue

of (m+ n) igplhk cbhpondm® as- @b)ovs 1 BF R d9foN Al URorddmd Mt Mhd 2ibo
2, 2-bi s[ 4- (acryloyIoxypolyethoxygphenyl]propane 10 (average value of (m+

n) is 4), 2, Zoymle (Aet BacwWpLepl 6Rypohy propmes gty g mopaspondsy dcage
Labre of (b rhe banBbnchle SR, 35, ABOVE(QET AGR oY AL e, Ay A0 dsdi 1P 10),
y p nyl'J met hane

5 bi s[ 4- (nethacryFo oxypol ye average 1% yh1+ n)

is 4), and bicsled papiiaey Wiovimemeitieirkox Buiend d sl nerdevrsges, val ue
of (m+ g% is 4). They may _be used_al one or in,  conbination of twg or _nore.

10 The cohf entthdft tife éoﬁﬁ&ﬂ@ﬁ?l@ﬁbﬂﬁ MRNORE T RGHRAe de d#p SdifunGt 1aPR Inust
be 10 to 80 YrRased AR h%%oh%&%l & halRAg 2h AldcdNe RIQIEN HRTRERY S

contained in the” conmposition (1) Wen the content of the conponent 1s | ower
than 10 mass%pefsthehgthomrpelmgmnesd 6equr medef.or Arhifiwsst ional monomer

of the above formula (1) in which (m + n) is 8 or more
corresponds to the component (A) of the prior art composition,

15 that is, a polymerizable monomer having an L scale Rockwell
hardness of its homopolymer of 40 or less.

The term “L scale Rockwell hardness” as used herein
is a value determined based on JIS K7202, specifically a value
obtained based on the equation (130 - 500h) from a difference

20 h (unit: mm) in the depth of penetration of an indenter between
when a standard load of 10 Kgf is first applied to the surface
of a cured test sample by using a steel ball having a diameter
of 6.350 mm as an indenter and when the standard load is
returned after a test 1load of 60 Kgf is applied to the surface

25 of the test sample.

Illustrative examples of the specific bifunctional
monomer as the component (I-1) which is easily acquired and
can be advantageously used include
2,2-bis[(4-methacryloyloxypolyethoxy)phenyl]propane

30 (average value of (m + n) is 2), the same as above (average
value of (m + n) is 2.6), the same as above (average value
of (m + n) is 4), the same as above (average value of (m +
n) is 10), the same as above (average value of (m + n) is

30), 2,2-bis[4- (acryloyloxypolyethoxylphenyl]propane



15 spectacles is not obtained. Wien the content is higher than 80 mass%
the viscosity of the obtained conposition becones too high, thereby making
bt difficult to handle it, and the structure of the obtained cured product
becomes too stiff, thereby restricting the nolecular novement of the 20
phot ochrom ¢ conpound and making it inpos bble to obtain satisfactory

phot ochrom ¢ properties (long fading half-life). For these reasons, the
content of thgagggg gRerRb1ue! ob h§+p&ngEQQJy 20 to 60 nass % based on the
above standar The “conponent (1 2) which is a polyfunctional nonomer 25

represented by, ﬂhbléddvémﬁ@hﬂﬂﬂ?hgxﬁQﬁMPQiﬂﬂﬁﬂnpxxﬁHH&;YI&PHQH&H& (B) in
the prior art C&g%%%ﬁ%ggiuglﬁfl8§edn9y1%h§§ p@ﬂghlet of Sﬁ%ern tl%%%ée

Publ i cati on a polyfreriza
functionalityvafiud of (ﬁDnenandsauoD scal e Rockwel | hardness of its
honmopol ymer of ,30 60 or nore. u5|n t he polynerlzable nmononer, a cured

product  havi n§i&tdel(mesbasat EeShere) ahanydi imetdang, (axsrage

hal f-1ife can Qg @bta aqglq e above specific polyfunctional
nononer mhlchV?sube eagﬁfy E%QUIFE ' I%pcan be advant ageously used incl ude

tri nmet hyl ol pr bparié - 1meUhaanmﬂmthﬂygniyanﬁqnﬁIghenxihﬁuﬂﬁanai@EMqMag&e
tetranethylolne;hane trlnetgﬁcryl @etranetpélol ne triacryl ate,
trimet hyl ol pr SgaHE Ofr i feth -t EPFENBEKY P HEP aﬁ OP&t Pamethacr yl at e,

5 tetranethyl@bmggﬂg@qohebﬁaQﬁkykgtaxnkilnethylolpropane triethylene glycol
trimethacrylate, trinethyl ol propane triethylene egcoI triacryl ate,
et hoxyl at®ed pentaeF??hPPP@EnFePﬁaééﬁyFQW@OD@PﬁOXQIétednpé@@a§PWHmﬁﬁ(ﬂ

tetranet hacr yLapg, fentae el b biethaghyhates 10-aantackythiiial

tetramet hacryla capro actan1nnd| trlnethylo propane tetraacryl ate,
caprol act am nudiski ed adilt rtihee monloolepr apapertesttrsareiitacdmddation ettt capr ol act am

odi 1 ed. di pent acryt i Lol - foxageryl ate Thek. MY (B2 4SSonheYs Toukl

than 10 mass%, strength or toughness required for rimless
15 spectacles is not obtained. When the content is higher than
80 mass%, the viscosity of the obtained composition becomes
too high, thereby making it difficult to handle it, and the
structure of the obtained cured product becomes too stiff,
thereby restricting the molecular movement of the
20 photochromic compound and making it impossible to obtain
satisfactory photochromic properties (long fading
half-life). For these reasons, the content of the component
(I-1) ispreferably 20 to 60 mass% based on the above standard.
The component (I-2) which is a polyfunctional monomer
25 represented by the above formula (2) corresponds to the
component (B) in the prior art composition disclosed by the
pamphlet of International Publication No.W001/05854, that
is, a polymerizable monomer having a functionality of 3 or
more and an L scale Rockwell hardness of its homopolymer of
30 60 or more. By using the polymerizable monomer, a cured
product having excellent photochromic properties typified
by fading half-1life can be obtained. Examples of the above
specific polyfunctional monomer which is be easily acquired

and can be advantageously used include trimethylolpropane



15 The content of the specific polyfunctional nononmer as the conponent
(1-2) in the conposition of the present inventionis 1 to 15 mass%
preferably 3 to 10 mass% based on the total nass of all the nonomner
conponents contained in the nmonomer conposition (lI). Wen the content of
the 20 conponent (1-2) is lower than 1 mags% satisfactory photochronc
properties are not obtained and when the content is higher than 15 mass%

strength (toughiasthakequiated ftalimdtdHy1RSp Gt 8% d:S, e Obt ai ned. The
preferred content of the _conponent (I-2) depends on thé content of the

speci fic 25 biteGFemeshylodmesrenesnimetdwgonate . (1-1). It is preferred

t hat when the t 0 t P IS 4 s-06, the
cont ent of thg%%gﬁggkg%?O&%?Eﬁ%ﬂ%;ﬁ%}ﬁégxégﬁ§':é#?%%gﬁigg%Pﬁé§§?$he cont ent
of the conponemtimglthilriyda4@, rets%ret hydrod mettha neo nteamanedt Hdveryelaponent

(1-2) should be 30 3.to._1 naié%? A cured product havin ood bal ance
bet ween phot &GERFEMEE YL thane, h¢ T2t&n B PR3 %hed. The

monomer conpogitiie@hyllehel3Adddl tha lnymnjizald 0 r it @) B G mRosid i on of
the present invention conprises a 12 pol ynerizabl e nononer conponent ot her
t han t he abovériediydesst glyicol) tance 1At m@tlaxsolaied eferred to as

"ot her nononer"  herei an_a uEt The ,."at her

af.ter) | of, .5 t 9 SS.
mononer ™ 1 s pPEPSAREYY Ea hotohEr T atReY LERan B HATS KBTS ARSI O
(pol yfunct i ongle tpametbziczailat e ,MpeeTtiey)y tavittd a diweadHaonabidte of 3 or nore
and an L scale Rockwell hardness of 60 or nore. The foll ow ng nononers

enuner at et as PERE 2SS AL raMe (heC Yt UdiGRPINAC P AMFdkf ied

bi functi onal j GUTP QS i :
conposi tion) %@%S%)égﬁ%q t%ptag%rrp%rﬁt?tga% tﬁae db%?gfv%%léﬁ%gﬂofr{aﬁ/leb%

preferably usedtrimetthylodprorems detofantctharmnomre and wporzrtean  ((1-3)
correspondi g L0, e aTponent (Ah.iigh SRy FLRY. efngl HeQ) MR V! ate
alone or in combination of two or more.

15 The content of the specific polyfunctional monomer as
the component (I-2) in the composition of the present
invention is 1 to 15 mass%, preferably 3 to 10 mass% based
on the total mass of all the monomer components contained
in the monomer composition (I). When the content of the

20 component (I-2) is lower than 1 mass%, satisfactory
photochromic properties are not obtained and when the content
is higher than 15 mass%, strength (toughness) required for
rimless spectacles is not obtained. The preferred content
of the component (I-2) depends on the content of the specific

25 Dbifunctional monomer as the component (I-1). It ispreferred
that when the content of the component (I-1) is lower than
40 mass%, the content of the component (I-2) should be 1 to
10 mass% and when the content of the component (I-1) is 40
mass% or more, the content of the component (I-2) should be

30 3 to 15 mass%. A cured product having good balance between
photochromic properties and strength can be thereby
obtained.

The monomer composition (I) used in the polymerization

curable composition of the present invention comprises a



15 wei ght of 526, polyethylene glycol nethacrylate having an average

nol ecul ar wei ght of 360, nethyl ether polyethylene glycol nethacrylate
havi ng an average nol ecul ar wei ght of 475, nethyl ether polyethylene glycol
met hacryl ate having an average nol ecul ar wei ght of 1,000, polypropylene
glycol 20 nethacrylate having an average Al ecul ar wei ght of 375,

pol ypropyl ene gl ycol nethacryl ate having an average nol ecul ar wei ght of

430, stearyl ubﬁe&wzem,e h@bﬁer RirpHeH it hedt Hana e dval yei dyl
et her, propylene gl ycol g ¥C|d ether, tetraethylene glycol diacrylate, 25
1.

nonaet hyl ene gpy\@@meeutécﬁ t @ridhéLyel hﬁfv@hétlgpyleelr%ﬁqgned EOHE? “r@é g an
average nol ecylar wei.ght, n%%Qg oh%e%h |eR& éﬂt (% églgq % |ng an

aver age nol ecular wei ght oxXy po ye ene gl yco a1|y et her
havi ng an avebagerrm\loemﬂear’ el ghrte fefr 386, anmtdrmn)exp@jwmmytlkmma gl ycol 30

allyl ether having an ayerage nDIecuIar we 550, net hoxy ol yet hyl ene
Ol yeol ol 151 | BORETRAFARS aToRRiTge. (R O L QRA g IR BMeE R Lo mot hoxy
pol yet hyl ene %ﬁeﬁxlersg%xp&ﬁgyé efn\ﬁlcgiﬂ&{ahad}l ¥ Stdemdiavihng a0 @R\seLage

nol ecul ar wei ght anpl es of the conponent (1-3) corresponding

to the corrponanpk@ve)llu helngahe sdi exthplOe g g1o)r@o| _ @heethddoyliagemonpmeashy| ene
gl ycol di net hagr at t et raet hyl ene al co h ry& \Qna th | ene
gl ycol di net hgcry d5 no%‘glpr)élpy er?e% cg’I) (? r#etﬁcgcr Ctelu etl %

gl ycol bi sgl )gpbdskﬂflla‘.‘EUi&mmdtabmall rrﬂaﬂwte)tl)emg@i )&Q0|the£ildT&ta{tﬁLCé yI ate,

1, 9-nonyl ene gl ycol dinethacrylate and neopentylene %_ycol di net hacryl ate.
Furt her, ¥kanfPBRosi tipe d@?ﬁﬂﬁw%ﬁﬂﬂ99mﬁﬂﬁ%ﬁ%° :R?qQK%?tWR?conponent

() a0 L1 SRERGRTR, (9 cA, HaviPkiony mnarsiy ﬁﬁ%"% ARG
tartrate; acrylic EsEéercedpeuamplaﬁdo&eth&cmpbmmeesﬁﬂw11Mﬂnmmmpmnenm:h as
gl yci dyl acryuﬁtﬁﬁ %l Cld %F%ﬁ.ac%% %%e égagggef¥”axfuf%clude
polyethylene glycol methacrylate having an average molecular
15 weight of 526, polyethylene glycol methacrylate having an
average molecular weight of 360, methyl ether polyethylene
glycol methacrylate having an average molecular weight of
475, methyl ether polyethylene glycol methacrylate having
an average molecular weight of 1,000, polypropylene glycol
20 methacrylate having an average molecular weight of 375,
polypropylene glycol methacrylate having an average
molecular weight of 430, stearyl methacrylate, lauryl
methacrylate, ethylene glycol glycidyl ether, propylene
glycol glycidyl ether, tetraethylene glycol diacrylate,
25 nonaethylene glycol diacrylate, polyethylene glycol allyl
ether having an average molecular weight of 200, polyethylene
glycol allyl ether having an average molecular weight of
1,500, methoxy polyethylene glycol allyl ether having an
average molecular weight of 350, methoxy polyethylene glycol
30 allyl ether having an average molecular weigh of 550, methoxy
polyethylene glycol allyl ether having an average molecular
weight of 1,500, and methoxy polyethylene glycol
polypropylene glycol allyl ether having an average molecular

weight of 620.



15 net hyl nmethacryl ate and benzyl nethacrylate; and vinyl conpounds such as
styrene, chlorostyrene, nethylstyrene, vinylnaphthal ene, a-nethylstyrene

di mer, bronostyrene and divinyl benzene. Further, bifunctional to

hexaf uncti onal pol ynmeri zable 20 pol yurethane oligoners and bifunctional to
hexafunctional polynerizabl e pol yester oljisgonmers may be advant ageously
used. The bifunctional to hexafunctional polynerizable polyurethane

ol i goners are obt ai ReREAmBY edddE nghdyEsmxMaehy | { T-3 2T AGdbnding to the
hydr oxynet hacrylic acid to the _remaini n%é/i socyanat e group on a pol yuret hane

skel et on synt EEEP2BENRLr df) a Ingilivsise paedhy Len¢ &p@I9foldinsidmstesl affe t he

di i socyanate i I 1digs Qgﬁg, 4-

di i socyanat e, t)%&lgl;#%ﬁgh%i y&%&angtlg%%h%xa t%%’eﬁgt%%}ﬁ%%%@%?d

i sophor one di dieeyhnatrg latreet mynardehyd(ehec wllyaledx dinsaheanat gt eand

tri met hyl hexanet hyl ene _di i socyanate., Exanpl es of the_. polyol Jnclude

pol ypr opyI%neW?PﬁEOEP’&F?epgggﬂcﬁgt Iﬂﬂ“@ﬁg‘a%ﬁ “pr @ﬁﬁﬁr?é%oﬁ]dép% ol ,

pol yt et r anet hﬁ!i%@@y@&u tie@ha ck41 Lthoxy latrd JHissrhenglcs et hoxyl ated

bi sphenol S spiroglycol, caprolactan1nnd|f|ed diol, carbonate diol,

pol yest er di odimeghackyllafe glly Gomonyrliesehlaine 1gidiss thak e katvearastl ol |
trimet hyl ol pr t I try. I rQpane and 5 pentaerythritol.
The bifunctioﬁ%ﬁgggt %%géﬁﬁ@%ﬁ%ﬁa#%ﬁ%%ﬁ%ﬁ%@%ﬁ#@ pol yester oligonmers are
obt ai ned by condensFogtaeryl éramplds of tiwd hadrydrt A Ik mridiee1r efhied Ng

hydroxyl group on a_ polyester skeleton synthesized froma polyol and a
pol ybasi cI0 10thgrdthexsnpPesest (At dpfyiie TRIRRRE helQafe pdisyorsher

o ok e BEREPOUC A IR ORI 08 e UMEGE L
anhydri de, adppitbadeite andallyl isophthalate and diallyl tartrate;
acrylic ester compounds and methacrylic ester compounds such
as glycidyl acrylate, glycidyl methacrylate, methyl acrylate,
15 methyl methacrylate and benzyl methacrylate; and vinyl
compounds such as styrene, chlorostyrene, methylstyrene,
vinylnaphthalene, a-methylstyrene dimer, bromostyrene and
divinyl benzene.
Further, bifunctional to hexafunctional polymerizable
20 polyurethane oligomers and bifunctional to hexafunctional
polymerizable polyester oligomers may be advantageously
used.
The bifunctional to hexafunctional polymerizable
polyurethane oligomers are obtained by adding hydroxyacrylic
25 acid or hydroxymethacrylic acid to the remaining isocyanate
group on a polyurethane skeleton synthesized from a
diisocyanate and a polyol. Examples of the diisocyanate
include tolylene diisocyanate, 4,4-diphenylmethane
diisocyanate, xylylene diisocyanate, hexamethylene
30 diisocyanate, isophorone diisocyanate,
methylenebis (4-cyclohexylisocyanate) and
trimethylhexamethylene diisocyanate. Examples of the
polyol include polypropylene oxide diol, copolyethylene

oxide-propylene oxide diol, polytetramethylene oxide diol,



15 trimellitic acid. The polynerization curable conposition of the present

I nvention conprises a photochrom c conpound as the conmponent (Il). As the
phot ochrom ¢ conmpound may be used a known photochrom ¢ conpound such as
chronmene conpound, ful gi m de 20 conpound or spirooxazi ne conmpound w t hout
restrictions. Wen a high nolecular weighty, photochrom c conpound having a
nol ecul ar wei ght of 200 or nore, particularly 500 or nore is used, the

effect of thee@hggcgﬂbtka@v@mw@mopme@m&ywt@d rafshendihat ke Jakiained
cured product exhibits excellent 25 photochrom cmg{opertles i s marked.
Therefore, a phAPredRcsAcmedapsgAddhal ngprELengke bl @buRAl s tgEn dolabove

I's preferabl ydﬁé%g?elfgle{?er %f&ytc%else t@l%ﬁ]tgly’ire%arg;lé]ﬁ{)g our‘idse_he ronene conpounds

are particular becduse 't €dr ‘phot'ochromsmt han

ot her conpoundgiaathgle 13l cpapey, @thoxydelted deniedehyaid] pensidey sardl f adi ng
rate. Qut _of the above chrqnene conpounds, indenonaphthopyran conpounds
represent el b?epﬁéefréfltﬁﬁ\?oitﬁ formula (4), naphthopyran conpounds

represented by the fgLl gwrgckobrlha tbohex@Fdne@RRHRAAP YA
represented by the following 15 fornula (6) are particularly preferred.

R16 R17 R18 Ro03YRsgerRdiigomeyspre Rbgainsd bricomiend ing AcmhereiagiRlI0R",
R 2 R13 Rl14 R5 Rl% R17 i8 anc:IL(ﬁJt%%lre ea(%nh.5ine nde[}];tL%ra hydr ogen
atom al kyl gPSuB‘I‘Q‘ &F‘E&Y §r &fp, arahl?oﬁ? ﬁrldﬂﬁlg TR 4R o oup,

cyano group, polyester skeleton synthesized from a polyol and a polybasic
10 acid.

Examples of the polyol include the same polyols
enumerated for the above bifunctional to hexafunctional
polymerizable polyurethane oligomers and examples of the
polybasic acid include phthalic anhydride, adipic acid and

15 trimellitic acid.

The polymerization curable composition of the present
invention comprises a photochromic compound as the component
(IT). As the photochromic compound may be used a known
photochromic compound such as chromene compound, fulgimide

20 compound or spirooxazine compound without restrictions.
When a high molecular weight photochromic compound having
a molecular weight of 200 or more, particularly 500 or more
is used, the effect of the present invention, especially the
effect that the obtained cured product exhibits excellent

25 photochromic properties is marked. Therefore, a
photochromic compound having a high molecular weight as above
is preferably used. Out of these photochromic compounds,
chromene compounds are particularly preferred because they
have higher photochromism than other compounds and are

30 superior in color development density and fading rate. Out
of the above chromene compounds, indenonaphthopyran
compounds represented by the following formula (4),
naphthopyran compounds represented by the following formula

(5) , and naphthopyran compounds represented by the following



hal egen atom aral kyl group, aryl group which nmay have a substituent, or
nitrogen substituted cyclic conpound such as norpholino, piperidino or

pi perazi no, R18 and R19 may be 10 bonded together to forma cycl oal kyl which
may have a substituent, and Al and A2 are each independently a hydrogen or
aryl group which nay have a substituent. R24 R23 Res R22 / A3 R21 O A4

R20 (5) 15 wherein R2, R21, R22, R23, R24 and R25 are each independently a
hydrogen at omfcahkilla df6QURrealdedmth ARy PradfePeedr oup, substituted am no
group, cyano group, hal ogen atom aral kyl group, aryl group which nay have
a substituent or Rff h substituted cyclic conmpound such as norpholi no,

pi peridino 20 or p\ i ngys and A3 and A4 are each independently a hydrogen
16 atomor aryl may have a substituent. R26 R27 A5 R28 A6 O
Res Rai R30 &5 R'R27, R28, R29, R30 and R31 are each

atom al kyl group, al koxy group, aral koxy group,
wQup, hal ogen atom aral kyl group, aryl

uent o%1nitrogen substituted cyclic conpound
pi per azi no, and A5 and A6 are each

R11 (4)

wherein R'®, R, R*?, R*}, RY, R'®, R*®, R, R'® and R*® are each
5 independently a hydrogen atom, alkyl group, alkoxy group,
aralkoxy group, substituted amino group, cyano group,
halogen atom, aralkyl group, aryl group which may have a
substituent, or nitrogen substituted cyclic compound such
as morpholino, piperidino or piperazino, R'® and R'®° may be
10 Jbonded together to form a cycloalkyl which may have a
substituent, and A' and A? are each independently a hydrogen

or aryl group which may have a substituent.

R24

15 wherein R?*°, R*!, R??, R?*, R* and R* are each independently
a hydrogen atom, alkyl group, alkoxy group, aralkoxy group,
substituted amino group, cyano group, halogen atom, aralkyl
group, aryl group which may have a substituent or nitrogen
substituted cyclic compound such as morpholino, piperidino

20 or piperazino, and A’ and A* are each independently a hydrogen



10 atomor aryl group which nmay have a substituent. Illustrative exanpl es of
t he phot ochrom ¢ conmpound which can be advantageously used in the present
tnvention include the follow ng conpounds. Although they may be used

al one, they are used in conbination with one or two or nore 15 ot her

phot ochrom ¢ conpounds (including the fol l,gum ng conpounds and ot her

phot ochrom ¢ conpounds) in nost cases in order to adjust a devel oped col or.
Mol ecul ar wei gtbmobor386y12Qrblp WHISHS rhy A 2 sdisdt fr @i Ml ecul ar

wei ght of 515 Nv '~0 ~ F U Mol ecular weight of 522 HOCID N~ 5

Mol ecul ar wei ght of 5&% 18 CH3 N ox0 Ml ecul ar wei ght of 561 H3C HO C3H7
OCH3 S H 3 CI}Gkgbleoular wei ght of 568 ~ ddd/

X

A5

R30 (6)

wherein R*®, R?’, R*®*, R?’, R’ and R®! are each independently
5 a hydrogen atom, alkyl group, alkoxy group, aralkoxy group,
substituted amino group, cyano group, halogen atom, aralkyl
group, aryl group which may have a substituent or nitrogen
substituted cyclic compound such as morpholino, piperidino
or piperazino, and A° and A® are each independently a hydrogen
10 atom or aryl group which may have a substituent.

Illustrative examples of the photochromic compound
which can be advantageously used in the present invention
include the following compounds. Although they may be used
alone, they are used in combination with one or two or more

15 other photochromic compounds (including the following
compounds and other photochromic compounds) in most cases

in order to adjust a developed color.

~
jlo\/©
oo

Molecular weight of 376

20



5 Msl ecul ar weight of 673 19 H3COO0 OCH3\ NC" O Mlecular weight of
741 H3 CH3 \I \ 0O OCH3 Mol ecular weight of 619 o N OCH3 O OCH3 H3C 5
OCH3 Mol ecul ar wei ght of 827 CQut of the conpounds represented by the above
formulas (4), (5) and (6), conpounds of the formula (4) in which at | east
one of Al and A2 is an aryl group substitg.ed by a 10 di al kyl am no group,
conpounds of the formula (5) in which 20 t |l east one of A3 and A4 is an
aryl group substituted by a dial kylam no group, and conmpounds of the
formula (6) in which | east one of A5 and A6 is an aryl group substituted
by a dial kyl am no p are partjcul aely useful as they have the 5 |arge
ef fect of suppressi et e 'ora«(Bn'ﬁy a light stabilizer represented by
t he above formula (3) t he photochrom ¢ conpound in the
pol ymeri zati on r ablle_cogpo of™fFt he present invention nust be 0.001
to 5 parts by&fggngased orP"100 parts by mass 10 of the above pol ynerizabl e
t

MONONEer comnpo \Lgﬁ (1). W ij\
S F

Molecular weight of 515

" _
Molecular weight of 522

el
ee’e

J

8

5 Molecular weight of 547



t he -amount of the photochrom c conpound is smaller than 0. 001 part by mass
based on the above standard, sufficiently high color devel opnent density is
not obtai ned and when the amount is larger than 5 parts by mass, it is
difficult to disperse 15 the photochrom ¢ conpound uniformy. Fromthe

vi ewpoints of col or devel opment density and uniform dispersibility, the
anount of the photochrom c conpound is preferably 0.01 to 2 parts by nass
based on the above sta d. The polynerization curable conposition of the
present 20 inventionfconpryses a |light stabilizer which is a conpound
having a 2, 2,6, 6-tetr@anethyf-4- plper|d¥I skel eton as the conponent (I11).
When t he poly I n curabl e conpos 3 on conpri ses the conmponent (I111),
its storage i phot ochrom ¢ conmpound does not 25
deteriorate aft ong\ﬁﬁﬂe, and it can exhibit excellent
features inherent to nposi tion. When a conpound ot her than
t he above conpounds 4 2 ve” | i ght stabilizer, it is difficult to
obtain a satisfactory tab@I|2|ng effect. Preferred exanples of 30 the

i i i , 6, 6-tetranmet hyl - 4- pi peri dyl ) sebacat e,
bis(1,2, 2,6, 6-penta ar|dyl)sebacate

bi s(1-octyl oxy-2, 2, 6, 6-tetrasgethyl - 4-pi peri dyl)sebacate,

1-[2-{3-(3,5-di -t-butyl -4-hydroxyphenyl ) pr oph vik§F waight of 561
ethyl]-4-{3-(3,5-di-t-butyl-4-hydroxyphenyl)

propi onyl oxy}-2, 2, 6, 6-tetranet hyl pi peri di ne,

4- benzoyl oxy- 2, 2, 6, 6-t et ranet hyl pi peri di ne,

met hyl (1, 2, 2, 6rﬁecentanﬁ5hyl 4- pi peridyl)sebacate, 5

1, 2, 2, 6, 6-pent anethy --|per|d|nyl met hacryl ate and

pon[{6 (1,1,3,3-t 'vpﬁhtyl)anlno &,.5-triazin-

2,4-diy|}{2,2,6,6- LE(3 : 1? i noJ

hexanet hyl ene{ (2, 2, 6, 6- t 1y 4 plperldyl) imno}]. Qut of these, a
l'i ght stabilizer mhlch i O represented by the above formul a

(3) is particularly | -
2
Hz

Molecular weight of 568

5 Molecular weight of 673



pref-erred because it is easily acquired, has a |large effect and can be

easi |y handl ed. Typical exanples of the conmpound include

bis(2,2,6, 6-tetranethyl -4-pi peridyl)sebacat e,

bis(1, 2, 2,6, 6-pent anet hyl - 4-pi peri dyl)sebacate and 15
bis(I-octyloxy-2,2,6,6-tetranethy|-4-piperigyl)sebacate. The anmount of the
conponent (I11) in the curable conposition of the present invention nust be
0.001 to 0.5 part by _pgmss tased on 100 parts by nass of the polynerizable
nmonomer conposition ( t he amount of the conponent 20 (I11) is
smal | er than 0LOQ1 pa based on the above standard, the

sati sfactory effe g the deterioration of coloring matter is
not obtai ned and is larger than 0.5 part by nass, the |ight
stabilizer itself\ eref ore, the obtained 25 cured product
may be colored. The a stabilizer is preferably 0.005 to
0.3 part by mass based
present invention and
Various additives ma

G0

gt actory effect of the light stabilizer. 30
o0 the polynerization curable conposition of
t he present inventio i nprove the durability, color devel opi ng
rate and fading rate chrom ¢ conpound and noldability as far as
the effect of the pregepf inveéxytion is not adversely affected. 22
Addi ti ves which can be advantageously used include a surfactant,
anti oxi dant, radical scavenger traviolet |ight absorber, rel ease agent,
coloring inhibitor, antistatijc agent, fluorescent dye, dye, pignent,
perfunme and 5 sil ane coupling for jmproving the adhesi of a hard
coat. The above surfactant may Be nonioMéﬂé%ﬁ%ﬁﬁ%V?%ﬁﬁkcﬁfig c. Hindered
phenol antioxidants, phenolic radical scavengers, sulfur-based
anti oxi dants, benzotri azol e-based 10 conpounds and benzophenone- based
conmpounds are preferahly

Molecular weight of 619

Molecular weight of 827

Oout of the compounds represented by the above formulas
(4), (5) and (6), compounds of the formula (4) in which at
least one of A' and A? is an aryl group substituted by a

10 dialkylamino group, compounds of the formula (5) in which



used as the antioxidant, radical scavenger and ultraviolet |ight absorber.
Silicone-based conpounds are used as the release agent. Exanples of the

gi | ane coupling agent include y-methacryl oyl oxypropyltrimethoxysilane, 15
y- met hacryl oyl oxypropyl tri et hoxysil ane,

y-met hacryl oyl oxypr opyl met hyl di net hoxysi | ajy¢, y-am nopropyltrinmethoxysil ane
and y-glycidoxypropyltrimnmethoxysilane. The anmounts of the surfactant and

the silane coypl ilRGhst2@nrgemt Aara&l&@ﬁhiergﬁeaﬁ%?hy%ﬁoﬁﬁ LDoPRI t S Oy BRSS
based on 100 parts by mass of the total of all the polynerizabl e nononers.
The anounts ofditaHldaaning g4AUP. rakd campsvadengbtheufeormvial &) Lngrmich

absorber, rel cal-ohkb Iyshi Qi L Qr ti i rescent
dye, dye, pi ger?eacfn?le gg tgr?g %gr?‘u%%rpg EeLgc Hp?g?gr%'ﬁ#gﬁo‘&fo g p%?%‘!si% ar§nass
based on 100 phrdlkyiyanass gaoupharegbadt bédubdtly heseiolly er thabl kaveoitogrer s.
The net hod_of _manuf acéfuri ng cur ed gsr_oduc%%b curing the above

pol yneri zaPi ont3H&d %Frrﬂ)&%‘f%‘? vt t%ﬁ%“?’?%‘iﬂr%‘?l}flyl?n%%@a‘? Af t er
predet erm ned It S, Of £diore ALONE] GAPPOANCISoRE e Stk BRI y3 1 xed toget her
to prepare the polynerization curable conposition of the present invention,

the pol yneri zati on dealmuwdnpdsittieopledrodie auired dnpourierimpohe mer i zat i on
and/ or phot opal yneri zation. A 23 lt her no olgmeri Z t‘l;'bon I niti Et.or and/or a
phot opol ymer i 2101 5 i3 1 5t FURay 15e° TERaS A l?]%qcﬁf g. PEXARPE 01t HE

t her mopol yner ingadt Qe ioniolilaters paet $1ds, eiasy bapedoshdes o spEht 8oy sefus yryl
peroxide 5 (10-hour half-life tenperature: 33C), 2,4-dichlorobenzoyl

peroxi de 184C)Rf d-hehahDHe R Mr 23k te NHAeHer FPERPAS Bt 5oR  { bt hyiekanoy|

oo™ MEE pPEIRSRB LIt ntabunel o B R et qor
10 per oxyneodmtoaiyemééﬁs@asadEmmtlhepabowyenebaindandatsa;fficiently high
color development density is not obtained and when the amount
is larger than 5 parts by mass, it is difficult to disperse
15 the photochromic compound uniformly. From the viewpoints
of color development density and uniformdispersibility, the
amount of the photochromic compound is preferably 0.01 to
2 parts by mass based on the above standard.
The polymerization curable composition of the present
20 invention comprises a light stabilizer which is a compound
having a 2,2,6,6-tetramethyl-4-piperidyl skeleton as the
component (III). When the polymerization curable
composition comprises the component (III), its storage
stability is improved, the photochromic compound does not
25 deteriorate after it is kept for a long time, and it can
exhibit excellent features inherent to the improved
composition. When a compound other than the above compounds
is used as the light stabilizer, it is difficult to obtain
a satisfactory stabilizing effect. Preferred examples of
30 the light stabilizer include
bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate,
bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate,
bis(l-octyloxy-2,2,6,6-tetramethyl-4-piperidyl) sebacate,
1-[2-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionyloxy}



(38C), t-butyl peroxyneodecanoate (47C), t-butyl peroxyneohexanoate (54C),
t-butyl peroxypivalate (56C), 1,1, 3, 3-tetranethyl butyl

per oxy- 2- et hyl hexanoate (64C), t-anyl peroxy 2-ethyl heoxanoate (700,

t - butyl peroxy 15 2-et hyl hexanoate (74C), t-butyl peroxyisobutyrate (78C),
di -t-butyl peroxyhexahydroterephthal ate (83(), t-butyl

peroxy- 3,5, 5-tri net hyl hexanoate (100C), t-butyl peroxyacetate (103C) and

t-butyl peroxyhengopt£- (105£) 5 -gpet OKYERL bONRL@SorPpReAF1dli - 3- met hoxybut yl
20 peroxydicarbonate (43C), di-2-ethyl hexyl Pperoxydicarbonate (44C),
bi s(4-t - but y| xRyl 9EE} 0Xyai €af hbakraneray) piraridépeopy!

per oxydi car bonat 4 -buty p I tQopate (97C), 25
136-bis(t-butj?ﬁ%?%?ggg?%%ngi%ké)%egégég%§€€§9§¥éggé$é€%yIene gl ycol

bi s(t-butyl permxtylepr bonat ) 6 ( §7fent adeahkyt 4 ppi peidlaéglsuebaaatdi cunyl
per oxi de (117C%; O£er oxyketal s such as_. o

1, 1- di - t - bat yl et oky® 3° FeRtaPEERR) T ¢ yRIBREXEHRY L oBEfhacsglate and

L 1-di-t-buty YE1 ONPXARe nf1{ LmPHLYh DET 8X e (1020),
4 4-di -t - but yl%iir}g%‘\%alﬁe'r?gégi ‘a@ﬁ?ﬁﬁ?ﬁ%ﬁ%’l%ﬁg@ LPS! 8x¥kRuEaR

2, 2-bi s(4, 4-di2t4bityl b2 pXy6y6t bbexghephypahepipec)dylkémnonel per oxi des such
thyl ethyl ket i 2 050) : d . h

S o asobi i S RATPOYFEREl (Bt o 6 5r9P e fRE) S o GPRECHY I AR EPGAT e 1 o)

(520) and 2, 2' - azohhs{ Zfmainuddutaynaghtr skabii 826k whitheysmaycdrpoieed

alone or in conbination. It is preferred to use a conbination of a
t her nopol JRer | ZeRFoPented t Put Bre habprg Hoxouvhauf3half- PRFEIEEABELHt ure | ower

s ooy S SeTELIRORIS AL 98 LA L9 0B a0 g D BRbEL 2

rai sed and a |land dmvibegeexdéll kahdled. Typical examples of the compound
include bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate,
bis(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate and

15 Dbis(l-octyloxy-2,2,6,6-tetramethyl-4-piperidyl) sebacate.

The amount of the component (III) in the curable
composition of the present invention must be 0.001 to 0.5
part by mass based on 100 parts by mass of the polymerizable
monomer composition (I). When the amount of the component

20 (ITITI) is smaller than 0.001 part by mass based on the above
standard, the satisfactory effect of preventing the
deterioration of coloring matter is not obtained and when
the amount is larger than 0.5 part by mass, the light
stabilizer itself is colored and therefore, the obtained

25 cured product may be colored. The amount of the light
stabilizer is preferably 0.005 to 0.3 part by mass based on
the above standard to obtain the effect of the present
invention and the satisfactory effect of the light
stabilizer.

30 Various additives may be added to the polymerization
curable composition of the present invention in order to
improve the durability, color developing rate and fading rate
of the photochromic compound and moldability as far as the

effect of the present invention is not adversely affected.



phot-ochrom c properties and high hardness and strength (toughness) can be
obtained. It is the nost preferred to use a conbination of aperoxy ester
having a 10-hour half-life tenperature |ower than 50C and a peroxy ester
having a 15 10-hour half-life tenperature of 50C or higher out of the above
peroxy esters because the degree of polymesization can be further raised
and a |l ens having nore excellent photochrom c properties and higher

hardness and sigendides (&W@é&h@%@&%@&@@% FaEdi eHEnby Rpreferred
20 conbi nations of these include a conbination of t-butyl

per oxyneodecarft i (), st 10xidat t eradheahys@avghger, ultraviolet

per oxy- 2- et hylhexanoat e ), conmbi pati.on of,t-butyl er oxyneodecanoat e
(47C) and t-bu lﬁ)hgter%é(%m(lgélg‘t h@ﬁ%&%oa?éeﬂ€74a%oﬁln%gal%%ir:%%ﬁ%ﬁon of
t-butyl 25 peramyingogiecangane , (#/l)reacett @, peyexX pighedithypberaneaied
(70C). The amount of the thernopolynerization initiator is. not particularly
linted bub prefedISPURIN0E BIehd 8t 3MPEPVARSs thgapdheatan| 9f i dtardibl y
0.01 to 3 partg, iy nmass based 30 on 100 parts by mass of the total of all

t he pol ynerizable nononers in order to fully pronote polynerization and
prevent an excess dfhd daversmpEgteent 2&y dre inpriator, fambonienarni ng in

the cured product,. The unts of a thermopol ygerjization initiatqQr having a
10- hour hal f - ﬁa]‘tel%lctgg%éc?%ﬁﬁe?}f‘%f ?Iﬁ%ﬁo g apl?%?ﬂbfiomlﬁé?:?iati on
initiator havidwhwrerddswusul@uibaked £apesrt 848t 8f KRG AT ¥ aherb &3
preferably 0.01 to 1'p%;arts by mass and 0.001 to 0.5 part by mass, nore

pref er abl ¥00. Caep@ns tandoeprephanPrms: Raged canP s are msferably

particularly qﬁ%tdfraasbIt)ﬁeoggtggx}dgptpaggéio?é}”%‘?&V%QQ?%&% Hﬁ&aj&ic@ﬁ‘-feé by

mass based on parts y mass of the a e polyneriza
nmonomners, reshiegtt ebgoreanplsEs ieforidrdareet quaipomids alreorudad taatttte
include 10 benzoin, benzoin nethyl ether, benzoin buti/,l et her, .
release agent. Examples of the silane coupling agent include
y-methacryloyloxypropyltrimethoxysilane,
15 y-methacryloyloxypropyltriethoxysilane,
y-methacryloyloxypropylmethyldimethoxysilane,
y-aminopropyltrimethoxysilane and

y-glycidoxypropyltrimethoxysilane.
The amounts of the surfactant and the silane coupling
20 agent are each preferably 0 to 20 parts by mass based on 100
parts by mass of the total of all the polymerizable monomers.
The amounts of the antioxidant, radical scavenger,
ultraviolet light absorber, release agent, coloring
inhibitor, antistatic agent, fluorescent dye, dye, pigment
25 and perfume are each preferably 0 to 2 parts by mass based
on 100 parts by mass of the total of all the polymerizable
monomers .
The method of manufacturing a cured product by curing
the above polymerization curable composition is not
30 particularly limited. After predetermined amounts of the
above components are suitably mixed together to prepare the
polymerization curable composition of the present invention,
the polymerization curable composition can be cured by

thermopolymerization and/or photopolymerization. A



benzophenol , acetophenone, 4, 4'-dichl orobenzophenone, diethoxyacetophenone,
2- hydr oxy- 2- net hyl - | - phenyl propan-1| -one, benzyl nmethyl ketal, 15

1- (4-isopropyl phenyl) - 2- hydr oxy- 2- met hyl pr opan-1 - one,

1- hydr oxycycl ohexyl phenyl ketone, 2-isopropylthioxanthone,

bi s(2,4,6-trinmethyl benzoyl) phenyl phosphi ne, oxi de and

bi s(2, 6-di net hoxybenzoyl)-2, 4, 4-tri nmet hyl pentyl phosphi ne oxi de. 20 The

amount of the gHOtRRS WREF Z2dt Dbn | thit Bdesri sn@pdy Rarticularly limted but
preferably 0. 001 to 10 parts by mass, particularly preferably 0. 01 to 3
parts by mass BREPOWMOOLIZPHFeR byl haakonfmatiebe oaaed ofs arpduhsed.

pol yirer 1 2abl e moNOMGE Sl L OTUPTAD dHlloRiaIRLe: pLYSET I 2pL1 gpopnd prevent

an 25 excess of the p opol ynerization | omrenalnin in the
cured product .iddleuddned tppl yperozadeonsuch taat DsolaatytPe peroxide
phot opol yneri z in c ination. The

tiaon initiatqr, may be used al one, or onh
total anpuft O&Q'ﬁé%‘ér E@i%&ﬁ%%?@ﬁe§6tpﬁlet:i 3 or b’ i% U FEL I WLERECYS by
mass based on Podd S(5PYCYBSS- O 16ASpEREEY1 ?;lse%kiaéem@wr?ri zabl e

nmononers. A detailed description is subsequently given of the nmethod of
preparing the Ypiosyaws i Zat T ety Hy¢varnoypasereohde ahelo f @k, mbahodydf

f [ d f .pal I [ bl
Compost 11 on. ARBHERE [RE. Rt Hetiaty DPESEIAg 1o Sor photi THFEeentrzh o

conposi tion i spédx e t(7ellcar; | petdxy tederslsich 88 2 Mssg 0fmer iy Ipeetyonal
pol ynmeri zabl e nononer represented 5 p% the above formula (1), 1 to 15 mass%
of a pol yl@nctperrryngrisernozed| &4 hoGbnet- ¢epy spatredyhgodhsanbate fornul a

(2) and 5to @gBQ§§§9@ggu%%fgg??gk%ﬂgéaéggﬁ ag@n@ggﬁFg[et;HhE?é stirred and

m xed together to obtain 1 y mass o the polyneriza nononer
conposi tion, (pdéfdxymedherancaty (T4 n@ss fbwtyphgecdrygmia orgo(fFel’ ), added
to and fully 1,1,3,3-tetramethylbutyl peroxy-2-ethylhexancate (64°C),
t-amylperoxy 2-ethylheoxanoate (70°C), t-butylperoxy

15 2-ethylhexanoate (74°C), t-butyl peroxyisobutyrate (78°C),
di-t-butyl peroxyhexahydroterephthalate (83°C), t-butyl
peroxy-3,5,5-trimethylhexanoate (100°C), t-butyl
peroxyacetate (103°C) and t-butyl peroxybenzoate (105°C);
peroxycarbonates such as di-3-methoxybutyl

20 peroxydicarbonate (43°C), di-2-ethylhexyl
peroxydicarbonate (44°C),
bis (4-t-butylcyclohexyl)peroxydicarbonate (44°C),
diisopropyl peroxydicarbonate (45°C), t-butyl
peroxyisopropylcarbonate (97°C),

25 1,6-bis(t-butylperoxycarbonyloxy)hexane (97°C) and
diethylene glycol bis(t-butylperoxycarbonate) (97°C);
dialkyl peroxides such as dicumyl peroxide (117°C);
peroxyketals such as
1,1-di-t-butylperoxy-3,3,5-trimethylcyclohexane (95°C),

30 1,1-di-t-butylperoxycyclohexane (97°C),

2,2-di- (t-butylperoxy)butane (102°C),
4,4-di-t-butylperoxyvaleric acid-n-butyl ester (110°C) and
2,2-bis(4,4-di-t-butylperoxycyclohexyl)propane (92°C);

ketone peroxides such as methyl ethyl ketone peroxide



di ssol ved in the above pol yneri zabl e nononer conposition by stirring,
further 0.001 to 0.5 part by nass of a light stabilizer which is a conpound
having a 2,2,6,6-tetranethyl-4-piperidyl skeleton is added to and 15 fully
m xed with the resulting product under agitation to prepare the

pol ymeri zation curabl e conposition. The otdwer nethod may be used such as
one in which after 0.001 to 0.5 part by nmass of the |ight stabilizer which
is a compound Ma8TW ; &l #zo Gonpdwidar®idlyladl- pi peridyl skeleton is m xed
with the 20 pol ynerizabl e mnomers under agitation, 0.001 to 5 parts by

mass of the pHotfocTHZHR IS EIARIYOAPTHEY b atRfeCland di ssol ved in the

resul ting m xture by, shid 4 ,@,dﬂg&m\y@efgnwé{p;pﬂﬂ@) aaﬁ#red product

fromthe polynerization curable conposition is not particularly 25 limted
but a net hod i2n AthiacAvk & (Rermmedpay Moty zenitoni Ieli t (BT O€) i s used will be

descri bed her ei nbel . The above injtiator is .added .to the pol rization
curabl e comrposition arngd B eed.usﬁ‘#e %ot eci%'ét?ldﬁﬁleorg)anﬁilﬁe are 0

to 40C and 0. bricre3dediitvitiase 4 espesinateion S0 dheerhdsol paetizagishxture
i s degassed under reduced pressure to renove the dissolved oxygen which

i npedes  pol yrgYitZatn haviagde gttt peddsdid eahampreagogessevigr thare are
760 nmHg or | ] - . [Les k . r i
mixture i s i nSotod o PREmOpaL hRY 8 EASEREL L UELY, nalbiql S0, HO
gasket or tapéald-lilie tpoiperatadd ifes0°does hbghaeddetaube hevalssynesed.

However, by injectiing the resulti m xture through a 10 mor |ess,
oref or abl 103 ME BPLYRET L 2a4ricr GRErPS T2 k9S8 AB0, 31 LANS M GLRT e Hienter s

a cured produgihdiaydHibni @hdgenatds (dRYUNAS Na Ldle P8 208t 8L PESGtH
advant ageously. As for the gasket, gaskets nade of various materials may be
used but a gasketughuks=9f can ke Igbterided nylItadet &he oot ynafemssbdial |y
RS TRAAR IS PR T SRR T R
temperature lower than 50°C and a peroxy ester having a
15 10-hour half-1life temperature of 50°C or higher out of the
above peroxy esters because the degree of polymerization can
be further raised and a lens having more excellent
photochromic properties and higher hardness and strength
(toughness) can be obtained. Particularly preferred
20 combinations of these include a combination of t-butyl
peroxyneodecanoate (47°C) and 1,1,3,3-tetramethylbutyl
peroxy-2-ethylhexanoate (64°C), a combination of t-butyl
peroxyneodecanoate (47°C) and t-butylperoxy
2-ethylhexanoate (74°C), and a combination of t-butyl
25 peroxyneodecanoate (47°C) and t-amylperoxy
2-ethylhexanoate (70°C).
The amount of the thermopolymerization initiator is
not particularly limited but preferably 0.001 to 10 parts
by mass, particularly preferably 0.01 to 3 parts by mass based
30 on 100 parts by mass of the total of all the polymerizable
monomersinordertofullypfomotepolymerizatianandprevent
an excess of the thermopolymerization initiator from

remaining in the cured product. The amounts of a

thermopolymerization initiator having a 10-hour half-life



because they are easily handled with | ow costs and have high quality such
as excellent followng ability during pol ycondensati on or excellent thernal
resi stance. A description is subsequently given of the step of 15 curing
the injected polynerization curable conmposition by thernopolynerization.
Al t hough the polynmerization time and tenpggature are not particularly
limted, it is preferred that polynerization should proceed slowy by

gradual ly raisémfetfeui&npekét UtRBahl 907 @ LAW aeﬁnembj[se@yiner%a@rioho 20
obtain a cured product having high hardness and strength " (toughness) and

excel | ent nol dabiFiayoy ddieied §0shenrasal i-kife faempeydalia@f 29°8 d®ns.
As a preferre I f rd i i.ng. c Lt LQRS reis a
met hod of rraﬁtlljfic ur%l%) %r%%}&e%ﬂpg (r)Eg'udcfj%tdc%n (rél%isngyt ﬁggét éﬁa( R)B(E;? g%

gel l'ing the conpesidrtobybyakeephoge igrefie 41010 .I110wer 3 faart €l byomd8shand s,

the step (2) of curkgg t he conposition b¥E_raising t he tenperature u? to 80C

or higher 8ver®20t FOR - 3nBaFs PHifdSEhePRFEHCRIRTOY RERHEFRP NS -CuF8d! pP oduct

at 80C or higheref oy hakQ ifh B0WEStEQ ArPpaed MY tfd <SUkhL B8 WH o ot PEr 88
residual ratio of thé polymerization initiator becones 30 O or |less. The

step of coolingy tmass ppedeher ipheld cEnpéltatheepobmpebézabddedmpoomiesabove
nmet hod. The residuaétrat#o R of the polynerization initiator is a val ue
cal cul ated frohTthe tor %mjng expression. 28 R = e-xds wherein Kd =

Ae-Ea/ RT (A is the imtdmpbes$ ofr € @Mt Spasiiydter ifatii IO ARARESL DAciBdéi at or
(unit: hr-1), Ea is the intrinsic activation energy of the Eolynerization
initiator1l9 (UPRRZOKD/ npeyzoiR meghygl sekhey. sbenapin RYLwdl ekher.T = (273.15

oo O e AL K B0fehanf, LIE. (U8t obbhepyJhahiue restdun
pol yneri zat i ondidtieoxyheetopkenbneéhe above step (1) is shorter than 10 1
hour, there ”H¥-§§ #éxﬁ-Efﬁgéﬁglwﬁighéﬁ§1g?égggl Lé e?fbenzyl methyl

ketal,

15 1-(4-isopropylphenyl) -2-hydroxy-2-methylpropan-1-one,
1-hydroxycyclohexylphenyl ketone, 2-isopropylthioxanthone,
bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide and
bis(2,6-dimethoxybenzoyl) -2,4,4-trimethylpentylphosphine
oxide.

20 The amount of the photopolymerization initiator is not
particularly limited but preferably 0.001 to 10 parts by mass,
particularly preferably 0.01 to 3 parts by mass based on 100
parts by mass of the total of all the polymerizable monomers
in order to fully promote polymerization and prevent an

25 excess of the photopolymerization initiator from remaining
in the cured product.

The thermopolymerization initiator and the
photopolymerization initiator may be used alone or in
combination. The total amount of these polymerization

30 initiators is 0.001 to 10 parts by mass based on 100 parts
by mass of the total of all the polymerizable monomers.

A detailed description is subsequently given of the

method of preparing the polymerization curable composition

and the method of manufacturing a cured product from the



a lens. That is, a stria or peeling may occur. Further, a cured product

havi ng | ow strength (toughness) is obtained. Wen the tine of the step (2)

s shorter than 2 hours, there my occur a problemw th the noldability of

a lens as well, 15 and a cured product having poor strength (toughness) may

be obtained. Wen the tinme of the above sfgep (3) is shorter than 1 hour, a
cured product having | ow hardness and strength may be obtained. \Wen the

residual rati @difynidig R Ferdzabn ddwgdsttoiorexceeds 30% a cured product
having 20 |ow strength is _obtained, and when the cured product is used as
a lens for a |ong tPREhough fher aethed ©fc prspard nd ddwnpeslednesikatiareby

phot ochrom ¢ t] rd.qr at. rti. r.ef . d I of
the polyneri %L{l%ﬁllécgﬁnﬂ%%oenlg{ ilgsnﬁ e%&?pﬁ&g%l&o%lﬁil éecg’t ﬁiz(?ge)ltseo;SC
for 8 hours, heatstd afp a bifiianiemad palysmerizabd &Momrerr 4dmmeseregel up to

90C over 2_hours, mainptained at 90C for 5 hours apd cooled to 80C over 1
oo (54 BB By IthE 8Paps TormiLta; bikerk tor 185earar of Homely MERIPRAD { o
40C over 4 hoyes, 1 RPIRC dIHInA hapre san€ cdPbl,0t RAGBOvOVESrda TOUIS),

mai nt ai ned at "90C for 2 hours and cooled to 80C over 1 hour (17 hours in

total). After anskeScoop88i na8A%i of cokkelr olonseza be inpnonee agmsketlor
tape i s renoved,..an ir.i.s Jjnject i t a ween the cured oduct
é%ﬁﬁﬁéﬁfénd ﬁiﬂéﬁqiﬁﬁggkgfgﬁéq%é%ﬂ% fﬁ%tﬁ%;gﬂi%%;%ﬁﬁ%ié¥

and the gl ass no y applying 0 renove S.
Further, to re/myeolpfietieaibial mohotest ebinbositanacabi. 0g1li Bocarpd etk @it at
80 to 130Cfor 0.1 to 10 hours so as to obtain a cured product _ of

interest.18 THESSURH HRIMIACHIRE hPBPE i1y aded pop y3Rdi Zati%n curabl e
conposi tion ofyithe, RFRF AL %hQVfPAB\}é)gol@ﬂér‘i&%@l'eeﬂBnEﬁéﬁ:% S&£8; 88 1{}» gh
ar dness_an f He

phot ochrom c properties, d strength (toughness) = Since
cured product sthaxinge dhovdiexdelE&nttd eaturmsst iby cesdechantltahtarly 10

advant ageousl used .as a phot,ochrom c¢_pl asti | ens matri x
9 %ta iliZer Jhlch is a coéﬁound(hav1ng a

2,2,6,6-tetramethyl-4-piperidyl skeleton is added to and

15 fully mixed with the resulting product under agitation to
prepare the polymerization curable composition. The other
method may be used such as one in which after 0.001 to 0.5
part by mass of the 1ight stabilizer which is a compound having
a2,2,6,6-tetramethyl-4-piperidyl skeleton is mixed with the

20 polymerizable monomers under agitation, 0.001 to 5 parts by
mass of the photochromic compound may be added and dissolved
in the resulting mixture by stirring.

The method of manufacturing a cured product from the
polymerization curable composition is not particularly

25 limited but a method in which a thermopolymerization
initiator is used will be described hereinbelow.

The above initiator is added to the polymerization
curable composition and stirred. The agitation temperature
and time are 0 to 40°C and 0.1 to 300 minutes, respectively.

30 Then, the resulting mixture is degassed under reduced
pressure to remove the dissolved oxygen which impedes
polymerization. The degree of pressure and the degassing
time are 760 mmHg or lessand 0.1 to 300 minutes, respectively.

The resulting mixture is injected into the space formed by



for -optical articles, especially rimess spectacles. when the cured product
of the polynerization curable conposition of the present invention is used
for the above purpose, a lens matrix which is nolded or processed into a
suitable form 15 can be used as a lens directly or after it is subjected to
surface finish. That is, it may be subjectgd to a treatnment with a silane
coupling agent or a hard coating conprising a sol conponent such as

silicon, zircoRidigladBlhddy anddd YEIMED obithy . t%'ﬁgﬁﬁf@%pdlrnta,na filter
antireflection treatnent 20 by the deposition of a thin filmof a metal
oxi de such as dogisomotTnegdokoemlsraysy used .coowayest By briget engdierer

thin film As descr,ibed abhqve, the pol.yneri.zati on curabl e onposi tion of
the present irfmventionrd SFeEs rt(;’rﬁcfur%}lﬁlgefl@r PBrg?F%n %?e‘ﬁ%g%?fﬁ Mt ter
after it is ket 1fe®s,agaeitd culliafa yapaeFedwibdes 1apmubed] §&9dhwedh el tlr,

excel l ent _photochrom c operties and, sufficiently high dril]lin strength
that allowd fé&r ql%%e%sl%rcﬁ#‘ft? HBEDNE JetI R cFieeenIty” BQPrResTheC#Bl PBwi ng

exanpl es are piay At fAvddeauspose. s fryd hele idéé}@éﬂ,atqba{&ét@ R gsent
invention but are in no way to be taken as limting. The abbreviations and

names of the cdonpouimiss ussiteT alhendw| beovitsred dxabph egasket fnade @0 agi ven
bel ow. 1. nonaoner 1) bifunctional npnoners as conpone (L-1) 5 BPE10O:
22 b5 (4 e DT D T T 5 SRRy S5 opSrEEC TAVLY (B value of (m +
n) is 2.6) BPEAIGi1ehe i@l (dedes thacsybeyjmy tohyehd ox yphepy| ) peopeae
(average value of (m+ n) iIs Q%BPESOO:

2, 2- bi s(41fet mﬁ&%%&%@ Ex9pePPLylefdneclagtongsr hydrafameret (m +
'[ll)’ i In‘Zt %‘Sl) O|( FZ)I)’ g%agna}e{jét?ic&%?ﬂg%}a% $15801 1RARREM ok jc'o?s)ts IMBThave high
quality such as excellent following ability during
polycondensation or excellent thermal resistance.
A description is subsequently given of the step of
15 curing the injected polymerization curable composition by
thermopolymerization. Although the polymerization time and
temperature are not particularly limited, it is preferred
that polymerization should proceed slowly by gradually
raising the temperature from a low temperature in order to
20 obtain a cured product having high hardness and strength
(toughness) and excellent moldability (no defects such as
a stria and peeling) as a lens. As a preferred example of
the polymerization curing conditions, there is a method of
manufacturing a cured product, comprising the step (1) of
25 gelling the composition by keeping it at 40°C or lower for
1 to 48 hours, the step (2) of curing the composition by
raising the temperature up to 80°C or higher over 2 to 24
hours, and the step (3) of keeping the cured product at 80°C
or higher for 1 to 10 hours to proceed with curing until the
30 residual ratio of the polymerization initiator becomes 30 %
or less. The step of cooling to a predetermined temperature
may be added to the above method. The residual ratio R of
the polymerization initiator is a value calculated from the

following expression.



TMPT3ECQ et hoxyl ated trinethyl ol propane trinethacrylate (3) nononers as
conponent (1-3) 15 corresponding to conponent (A) A200: tetraethyl ene glycol
di acrylate A400: nonaet hyl ene gl ycol diacrylate PKA5009: nethoxy

pol yet hyl ene glycol allyl ether having an average nol ecul ar wei ght of 550
20 corresponding to conponent (C) 4G tetrgethylene glycol dinethacrylate
nononer s ot her than conponents (A) and (C) MBOG nethyl ether polyethyl ene
gl ycol nethacrylatexhavi ng an average nol ecul ar wei ght of 475 25 GVA

gl ycidyl nethacrylate aMNs: a:Erlv;gThyl styrene MBD. a-nethyl styrene diner
EB1830: hexaf whetiedmalKapsl Hneri zabl(@& psl Fost antaingdeed regmencypfaadsiy omi ¢

conmpound chr ongn : havi. : IQ i.ng .st-auctyre, T f adi ng
hal f-1ife of 'Lgﬁfi g‘ %8%%%‘?%&%%121}n e]tqﬁyx{lteaﬁteglgl ugl\(?la J&m?hy#ge%ﬁePE?EGDNE)
solution is Oiétmingtie adtive&tiBonyénexdid ofOt B®IpoIGhiexee: 2on deripdwtdrhavi ng
the follow ng structur The _fading half-Jlife, of th} /)rrpoundin an

et hyl ene ﬁychni&i’nﬁqg@Plét Her § 185) {imbh: ik G?S%lcrﬁ)mge? ¥3Ce15 ocH3
\ CND 5 0 Chr Qe +3:5: G e aviifi £ 18 fold Qg v ied Ulgnidhen f adi ng
hal f-1ife of this cofpound in an ethyl ene glycol
The above residual ratio is calculated by integrating
all the steps for carrying out polymerization.
When the time of the above step (1) is shorter than
10 1 hour, there may occur a problem with the moldability of
a lens. That is, a stria or peeling may occur. Further, a
cured product having low strength (toughness) is obtained.
When the time of the step (2) is shorter than 2 hours, there
may occur a problem with the moldability of a lens as well,
15 and a cured product having poor strength (toughness) may be
obtained. When the time of the above step (3) is shorter
than 1 hour, a cured product having low hardness and strength
may be obtained. When the residual ratio of the
polymerization initiator exceeds 30 %, a cured product having
20 low strength is obtained, and when the cured product is used
as a lens for a long time, the photochromic compound
decomposes and thereby photochromic properties deteriorate.
As particularly preferred examples of the
polymerization curing conditions, the composition is kept
25 at 33°C for 8 hours, heated up to 40°C over 4 hours, up to
55°C over 4 hours and up to 90°C over 2 hours, maintained
at 90°C for 5 hours and cooled to 80°C over 1 hour (24 hours
in total), or it is kept at 33°C for 4 hours, heated up to
40°C over 4 hours, up to 55°C over 4 hours and up to 90°C
30 over 2 hours, maintained at 90°C for 2 hours and cooled to
80°C over 1 hour (17 hours in total).
After the composition is cured by polymerization, the
gasket or tape is removed, and air is injected into the gap

between the cured product and the glass molds by applying



di met hyl ether (ECGDME) solution is 0.2 mnute. 32 H3 N'"CH3 OCH3 \ 3.

| ight stabilizer light stabilizers which are conpounds having a 5
2,2,6,6-tetramet hyl - 4-pi peri dyl skel eton LS765:

bis(1,2,2,6,6-pentanmethyl -4-piperidyl)sebacate LS770:
bis(2,2,6,6-tetramethyl-4-piperidyl)sebacajg LS744:

4- benzoyl oxy-2,2,6,6-tetranet hyl piperidine OQher light stabilizers 10
TINOVI NS71: 2{ 35 henzes randbe ZtHé)% aggdii‘@l/chs4 reiroHdnenad rdhdNY1 N120:
2,4-di-tert-butyl phenyl -3,5-di-tert-butyl dr oxybenzoat e 15 4.

t her nmopol ymer |%¥W1ﬁ‘ﬂ%ﬁ dilqt%‘twnpeﬁréﬁ@%ﬁb@@chﬁmléﬁ(q(@) Pouratha8®-life
t emperat ure egt kv qp? t GO

1,1,3,3-tetrane ﬁéﬂ)lﬁ% frpgr%x&?;—e Q’&ﬁ%eién%%@ F%&a%glufé)cﬁ ??1 L?r?dUCt
tenperature ofoiﬁ@te{ﬁéétectlve conponent content 20 of 90 % t-butyl peroxy

2- et hyl hexanoat e (10 hour half-life t er at re of 74%éeffective
component €ontent of B§7 Yjre uety FNShRE BIFHREsTRE BPEL00, 5 parts
by mass of T'VP'Bl PR FoR U3 Ofo s§t@8ﬁt§f %é@%s@ﬁtﬁ?x@@entl@orl@a”s
by mass of parts by mass of cc and 1 part by nass 33 of MSD were
fully m xed tdw rxcelded3 @%\atumsm a hlmhpbmnehlbman@mmrtpm$ by
mass of "LS765" re ad Tt Eg mxef vmr#hth talng tutreto
brepare the dHRELTS SnbPterEsEReliovdbitaRl) of b Eud: rarS

obt ai ned corrpqasaé | e ViSO e péx &Il Bént NEedBt B8 s [Tei At éhRee aﬁartl@@ui@flﬁ
nonths. After the storage period, 1.33 parts by

10 advantageously used as a photochromic plastic lens matrix
for optical articles, especially rimless spectacles. When
the cured product of the polymerization curable composition
of the present invention is used for the above purpose, a
lens matrix which is molded or processed into a suitable form

15 can be used as a lens directly or after it is subjected to
surface finish. That is, it may be subjected to a treatment
with a silane coupling agent or a hard coating comprising
a sol component such as silicon, zirconium, antimony,
aluminum, tin or tungsten, or an antireflection treatment

20 Dby the deposition of a thin film of a metal oxide such as
8i0,, TiO,; or Zr0O, or by the coating of an organic polymer
thin film.

As described above, the polymerization curable

composition of the present invention is free from the

25 deterioration of coloring matter after it is kept for a long
time and provides a cured product having excellent
photochromic properties and sufficiently high drilling

strength that allows for its use in rimless spectacles.

30 Examples
The following examples are provided for the purpose
of further illustrating the present invention but are in no
way to be taken as limiting. The abbreviations and names

of the compounds used in the following examples are first



mass of t-butyl peroxyneodecanoate (effective conponent content of 75 >)
and 0.1 part by mass of t-butyl peroxy 2-ethyl hexanoate (effective conponent
content of 97 % were 10 added to and fully m xed with the conposition taken
out from the incubator as thernopolynerization initiators, and the
resulting mxture was degassed and filtereshby a 1 mnmesh cellulose filter
to be injected into a nold conposed of glass nolds and a gasket nade of an
et hyl ene- vi nylgiacat adel dvb. copol yner. It was maintained at 33C for 4 hours,
heated wup to 40C over 4 hours, up to 55C over 4 hours and up to 90C over 2
hours, maintained at 90C for 2 hours and cooled to 80C over 1 hour (as for
the residual ratios@ndnta-ginitiators at this point, the cal cul ated val ue
of t-butyl 20 peroxyneodecanoate was 0 o and that of t-butyl peroxy

2- et hyl hexanoatle isfunogionay ieengesyseds zeemeenenthe(Eutked product was

omeees, e e, Mol nhetiatant A IS by MBge

phot ochronic propertiés, Strengt cs‘and 'y ow“n

t he obtai ned clavetradtd yIIGHE Wi e+ avial Latzos) The eval uation results are
shown in Table 1. The photochrom ¢ properties, strength characteristics
and yel | owi ng BRER®Y: of 2 Rd sddr 8§ Hhasdydo Yery R ala ey e ny NP ¥R asini ng
nmet hods. 30 (1)5ndy thhrharet ghisthrsi & gy sk-1ike test sanple having a

t hi ckness of 2 mm an a dianeter of 5 cmwas forned fromthe obtained cured
product, two BEPERAMI 2net-éri shdl-es therce ydroyllceypal wehdhdxagihesgnipl rerapa e
points 4 [[ana fromth eri{)h{ery of)the Jé(f)St sanple and 34 existent on
a strai ght®li né ' COriEspchdihdt o't he i ahtt of the disk-like test sanple

as centers thergofpolly fundiishaNeiciond 86 A £SSofbSeént O(s-3ere inserted into
the two holes anc?fixed to the upper and | ower chucks of a tensile 5

tester, respedMRI Xty IRPTRANGFEIMSERAET AT At 0 the test sanple,
and a tens'lefﬁ?ﬁBﬁ%¥5é¥HJi§¥£f%ﬁ @?iﬁbﬁﬁ?fblpropane trimethacrylate

(3) monomers as component (I-3)
15 corresponding to component (A)
A200: tetraethylene glycol diacrylate
A400: nonaethylene glycol diacrylate
PKA5009: methoxy polyethylene glycol allyl ether having an
average molecular weight of 550
20 corresponding to component (C)
4G: tetraethylene glycol dimethacrylate
monomers other than components (A) and (C)
M90G: methyl ether polyethylene glycol methacrylate having
an average molecular weight of 475
25 GMA: glycidyl methacrylate
aMS: oa-methylstyrene
MSD: a-methylstyrene dimer
EB1830: hexafunctional polymerizable polyester oligomer

30 2. photochromic compound
chromene 1: compound having the following structure. The
fading half-life of this compound in an ethylene glycol
dimethyl ether (EGDME) solution is 0.4 minute.



of 5 M mn to neasure the tensile strength of the test sanple. (2)

yel l ow ng factor The yell owness index (Yl) of a cured product. 10

manuf actured fromthe conposition kept in an incubator set at 10 C for 6
nont hs and the yell owness index (YI0) of a cured product manufactured from
a newly prepared conposition (not kept) weye neasured by using the color
conputer of Suga Shikenki Co., Ltd. to calculate its yellow ng factor (DYl)
15 = (YI) - (YI0) . (3) photochronic properties A beamwas applied to the

di aneter of 5 cn) frpmthe -2480 (300W SHL-100 xenon | anp of Hamamat su 20
Phot oni cs Co. rough an aeromass fod;ter (of Corning Co., Ltd.) at
20C1C and a bep on t he surfacel of a polymer of 2.4 MV cn2 at 365
nm and 24 W cnk S &g develop a color so as to
measure the W oA t heabove sanple. Photochromc 25
properties were neasyred ng nethods. (i) maxi mum absorption
wavel engt h (A max): e wavel ength after color devel opnent

nmeasured by the sp
g.~Kogyo Co., Ltd. The maxi mum 30 absorption
@ one of a developed color. (ii) Color

phot odet ect or) of

devel opnment density {(120) }: difference {e(120) - e(O} between
absor bance at the maxi num abso®pti on wavel ength {e(120)} after 120 seconds
of exposure and the 35 above absorbance {e( %ﬂ As this val ue becones

| arger, phot SCHBH¥MS 3 nfigRung jhaying drhey b OV FETLERTRS) ] :THS me
required for @RSGIHANEE: Als fe M BIRIRNCLEAUID 26 Lhey 5aapl 61%901@”0‘) 5
to half of {e(120) e(0) } when exposure s stopped after 120 Setonds of
exposure. As tdinetthyie didoonetEGIME ) e3oluthcon is 0.3 minute.

Chromene 3: compound having the following structure. The
fading half-life of this compound in an ethylene glycol
dimethyl ether (EGDME) solution is 0.2 minute.



fadi-ng rate increases and photochrom sminproves. For your reference, a

conposition prepared simlarly was polynerized in the sanme manner right

after preparation 10 and the obtained cured product was eval uated |i kew se.

The results were al nost the sane as those of a conposition kept for 6

months in all the evaluation itens. Exanplg, 2 15 20 parts by mass of BPE10O,

5 parts by mass of TMPT, 54 parts by mass of 4G 5 parts by mass of A200,

10 parts by nass of GMA, 5 parts by nass of M5 and 1 part by mass of MsD

‘ 0.03 part by mass of "chronene 1" and 0.05 part

ded to 20 and fully m xed with the obtained

yTposi ti on oftst he present invention. Thereafter,

s kept inyan incubator maintained at 10C for 6

[Weze .33\pﬂgts by mass of t-butyl

dgnent 25 content of 75 % and 0.05 part by

) per oxy- 2- et hyl hexanoate (effective

ere added to and fully mxed with the

conposi tion taken i ncubator as thernopol ynerization

initiators, and th i xture 30 was degassed and filtered by a 1

m nmesh cel lul ose filiter togbe’injected into a nold conposed of glass nol ds

and a gasket nmde 8FHan et hyl ene-vinyl acetate copolymer. It was

mai ntai ned at 33 C for 8 hours, heated up to 400C over 4 hours, wup to 55 C

over 4 hours and up.t.o 90 C oqver, 2 hours, maintained 36 at 90C for 5 hours

and cool ed to380C o&éﬁhflﬁﬁﬁgk Sor the residual ratios of the initiators

at this point,iig Qalul atad valias e tedidinderRayngpdecanoate and 1,

1, 3,3-tetranethyl butyl peroxy-2-ethyl hexanoate were both- 5 0 s). After

pol yneri zabi o, 2.Ife ecvretdrameiduct - dvsipeniolied skelbeteme gl ass nol ds and

fﬂgeggﬁg ﬁg nﬁén%‘?aefssol B AP, 2 0% - SRl AlRSh T £ B OIS ESpguaLyated in
LS770: bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate

by mass of "LS765%

m xture to prepar
onp,

the obtained
nont hs. After the

mass of 1,1,3,3-te
conmponent cont ent

LS744: 4-benzoyloxy-2,2,6,6-tetramethylpiperidine
Other light stabilizers
10 TINUVINS71:
2 (2H-benzotriazol-2-yl) -6-dodecyl-4-methylphenol
TINUVIN120: 2,4-di-tert-butylphenyl-3,5-di-tert-butyl-4-

hydroxybenzoate

15 4. thermopolymerization initiator
t-butyl peroxyneodecanoate (10-hour half-life temperature
of 47°C) (effective component content of 75 %)
1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanocate (10-hour
half-life temperature of 64°C) (effective component content
20 of 90 %)
t-butylperoxy 2-ethylhexanocate (10-hour half-life

temperature of 74°C) (effective component content of 97 %)

Example 1
25 50 parts by mass of BPE100, 5 parts by mass of TMPT,
24 parts by mass of 4G, 5 parts by mass of A200, 10 parts

by mass of GMA, 5 parts by mass of aMS and 1 part by mass



in Exanple 1. The evaluation results are shown in Table 1. In this exanple,
pol yneri zation was carried out right after 10 the preparation of the
conposition as a reference experinment and the evaluation results of the
cured product were alnost the sanme as those of the cured product which was
kept for 6 nonths in all the itens. 15 Exmples 3 to 12 and Conparative
Exanples 1 to 8 Conpositions were prepared, kept and polynerized in the
sanme manner asfi MSEXamee fhilaxc epitxddatoddigiar COMPOSI Padts bywetssLhahged as

shown in Table 1, and the obtajned cure roducts were_eval uated in the
same manner as qmoé?é}?plle i?éz%@ﬁep%fsgﬂx B'aa':‘rseogho%kﬁﬁﬁ TEpFe addeghdo
eval uation resyld $u10fy hiiseanad POt S VR 3 iBsird he SaPBpase these of
the cured product which was kept for 6 nonths except yellowing factor. It

is found fromacmpasdidmsine foft TRalRe senthatnvent ian ed Thes eafdduct tdist ai ned
fromthe pol ynerizatipn cur (o] jtion_of th [esent_invention has
(o) al%ed)coglgoggkf{o% Qggsﬁséét 1nt %nt %%fulg‘?f%r m%%l}t?%%e(gsaet in

excel | ent phot'ochromc “properties an reng WS

rimess specthaclesoand ndwthevemfrexnting@d peodugt pbiabacdl adt asathe by
pol yneri zation curable conpasition is kept at 10C for 6 30 nonths has al nost

the same yel | 3@SFy Fadt My PLERIRFRBHARC2 Gt B HRF W {h RRMDRRSRE kept .
I't i's under st opg Mo fCompanatd e E@amp as oy s t pt%f%é:p sition
ie the p

whi ch has nononer conposition within the scope speci esent
i nventi on and 2weitdly ldmemnmmett ec dpiffien ta veorpopode? corgmmserft 8d by wehe above

i | |j ght iizer i fter it . is k f
o thetSur addsh et TR B it hh dhe G Ebp B PG K R B HAE o
i1lumnation. tife i@ diNeey &h@@ﬂld‘ydl?n@&rmrtatdnvqﬁt@a&raﬁ@s ah@nthe that

a cured product obtained by using a_bifunctional nononmer as the component
(1-1), a pol yamdttiigmmirsigeewagsdenessedpandnfiltiersdany a hrowomesh (1- 3)

In aratio Omc%ilq%ltcﬁee E?ngrsﬁ?ﬁief lﬁﬁ’eéé./e& il%t%r g5t composed of glass

molds and a gasket made of an ethylene-vinyl acetate

15 copolymer. It was maintained at 33°C for 4 hours, heated
up to 40°C over 4 hours, up to 55°C over 4 hours and up to
90°C over 2 hours, maintained at 90°C for 2 hours and cooled
to 80°C over 1 hour (as for the residual ratios of the
initiators at this point, the calculated value of t-butyl

20 peroxyneodecanoate was 0 % and that of t-butylperoxy
2-ethylhexanoate was 2 %). After polymerization, the cured
product was removed from the glass molds and annealed at 110°C
for 2 hours. The photochromic properties, strength
characteristics and yellowing factor of the obtained cured

25 product were evaluated. The evaluation results are shown
in Table 1.

The photochromic properties, strength characteristics
and yellowing factor of the cured product were evaluated by
the following methods.

30 (1) strength characteristics

A disk-1like test sample having a thickness of 2 mm and

a diameter of 5 cm was formed from the obtained cured product,

two 2 mm-diameter holes were drilled in the test sample with

points 4 mm away from the periphery of the test sample and



I nventi on cannot obtain satisfactory photochrom c 10 properties or has
reduced strength. 38 U -ri Nr-1 r-l HHHHNNMHTIr-1 N rd fU N U)
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tester, respectively, while the rods were inserting into the
test sample, and a tensile test was carried out at a rate
of 5mm/min to measure the tensile strength of the test sample.
(2) yellowing factor

The yellowness index (YI) of a cured product
manufactured from the composition kept in an incubator set
at 10°C for 6 months and the yellowness index (YI,) of a cured
product manufactured from a newly prepared composition (not
kept) were measured by using the color computer of Suga
Shikenki Co., Ltd. to calculate its yellowing factor (AYI)
= (YI) - (YI,).
(3) photochromic properties

A beam was applied to the obtained cured product
(disk-1like product having a thickness of 2 mm and a diameter
of 5cm) from the 1L.-2480 (300W) SHL-100 xenon lamp of Hamamatsu
Photonics Co., Ltd. through an aeromass filter (of Corning
Co., Ltd.) at 20°Ct1°C and a beam intensity on the surface
of a polymer of 2.4 mW/cm® at 365 nm and 24 pW/cm® at 245 nm
for 120 seconds to develop a color so as to measure the
photochromic properties of the above sample. Photochromic
properties were measured by the following methods.
(i) maximum absorption wavelength (Amax) : maximum absorption
wavelength after color development measured by the
spectrophotometer (MCPD1000 instantaneous multi-channel
photodetector) of Otsuka Denshi Kogyo Co., Ltd. The maximum
absorption wavelength is connected with the tone of a
developed color.
(ii) Color development density {€(120) - €(0)}: difference
{e(120) - £(0) } between absorbance at the maximum absorption

wavelength {€(120)} after 120 seconds of exposure and the
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ro oa U (iji) Fading half-life [ti/;(min.)]: time required for

absorbance at the maximum wavelength of the sample to drop
5 to half of {€(120) - €(0)} when exposure is stopped after 120
seconds of exposure. As this time becomes shorter, the
fading rate increases and photochromism improves.
For your reference, a composition prepared similarly
was polymerized in the same manner right after preparation
10 and the obtained cured product was evaluated likewise. The
results were almost the same as those of a composition kept

for 6 months in all the evaluation items.

Example 2
15 20 parts by mass of BPE100, 5 parts by mass of TMPT,
54 parts by mass of 4G, 5 parts by mass of A200, 10 parts
by mass of GMA, 5 parts by mass of aMS and 1 part by mass
of MSD were fully mixed together. 0.03 part by mass of
“chromene 1” and 0.05 part by mass of “LS765” were added to
20 and fully mixed with the obtained mixture to prepare the
composition of the present invention. Thereafter, the
obtained composition was kept in an incubator maintained at
10°C for 6 months. After the storage period, 1.33 parts by
mass of t-butyl peroxyneodecanocate (effective component
25 content of 75 %) and 0.05 part by mass of
1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanoate
(effective component content of 90 %) were added to and fully
mixed with the composition taken out from the incubator as
thermopolymerization initiators, and the resulting mixture
30 was degassed and filtered by a 1 pm-mesh cellulose filter
tobe injected into a mold composed of glass molds and a gasket
made of an ethylene-vinyl acetate copolymer. It was
maintained at 33°C for 8 hours, heatedup to 40°C over 4 hours,

up to 55°C over 4 hours and up to 90°C over 2 hours, maintained
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the residual ratios of thé initiators at this point, the

calculated values of t-butyl peroxyneodecanoate and

1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanoate were both
0 %). After polymerization, the cured product was removed
from the glass molds and annealed at 110°C for 2 hours. The
obtained cured product was evaluated in the same manner as
in Example 1. The evaluation results are shown in Table 1.
In this example, polymerization was carried out right after
the preparation of the composition as a reference experiment
and the evaluation results of the cured product were almost
the same as those of the cured product which was kept for

6 months in all the items.

Examples 3 to 12 and Comparative Examples 1 to 8

Compositions were prepared, kept and polymerized in
the same manner as in Example 1 except that their compositions
were changed as shown in Table 1, and the obtained cured
products were evaluated in the same manner as in Example 1.
The results are shown in Table 1. The evaluation results
of the cured products were almost the same as those of the
cured product which was kept for 6 months except yellowing
factor.

It is found from the examples of Table 1 that the cured
product obtained from the polymerization curable composition
of the present invention has excellent photochromic
properties and strength that allows for its use in rimless
spectacles and that even a cured product obtained after the
polymerization curable composition is kept at 10°C for 6
months has almost the same yellowing factor as a cured product
obtained without being kept. It is understood from
Comparative Examples 1 to 6 that when a composition which
has monomer composition within the scope specified by the

present invention and which does not contain a compound
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x uk(pO djjycﬁred.after it is kept for a long time, the cured product
is colored with a large yellowing factor under no
illumination. It is also understood from Comparative
5 Examples 7 and 8 that a cured product obtained by using a
bifunctional monomer as the component (I-1), a
polyfunctional monomer as the component (I-2) and a monomer
(I-3) in a ratio outside the range specified by the present

invention cannot obtain satisfactory photochromic

10 properties or has reduced strength.
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aasaaaawwb Ozwwwwxwwxw uuOO0OO0OOuui42 CAIMS 1. A
pol ynmeri zation curable conposition conprising: (lI) 100 parts by nmass of a
pol yneri zabl e nonomer 5 conposition consisting of (1-1) 10 to 80 mass% of a
bi functional polynerizable nmonomer represented by the following formula (1)
, (1-2) 1 to 15 mass% of apol yfunctional 4ol ynerizable nonomer represented
by the followng formula (2) , and (1-3) 5 to 89 masss of a polynerizable
nmononer other 10 than (1-1) and (I-2);clAfys0.001 to 5 parts by mass of a
phot ochrom ¢ conpound; and (I11) 0.001 to 0.5 part by nass of a |light
stabilizer which is a conpound having a 2, 2,6, 6-tetranethyl -4-piperidyl 15

skel eton: 0 07 H2C=p bk 1QimePH2Rthion % RFRACHOnds 9%, (ddmp Aot Ma 02

wherein R and R2 are”eaCh independently a hydrogen atom or =~ net hyl group,

R3 and R4 are each i(Fded@fd@amity Wﬂr@f@w@ﬁmp@hﬂnﬁrwa@ﬂle grangmétavi ng 1
or 2 carbog at ons - CH=CH- or

-C(CH3) 2-, ancﬁzorlﬁpnge’c}tlr?narceonesacsi'utlﬂrﬂilepengf %tl n i n%(ggrréa}s%l c% %atl sfies (m

+n) 2to 30b1&uﬂ&11%rﬁﬁl~lﬁolgn@i2lz(ab?lé md}ldrﬁeﬁ&dm.@emtﬁ by ehéydrogen
atom or net hyl -R6- is -CH2CH2O -, -CH2CH(CH3) O or
- C( =0) CH2CH2 CH mg(g formplagily .48T-2) 1 to 15 mass% of a polyfunctional

polymerizable monomer represented by the following formula
(2), and (I-3) 5 to 89 mass% of a polymerizable monomer other
10 than (I-1) and (I-2);
(IT) 0.001 to S parts by mass of a photochromic
compound; and
(ITII) 0.001 to 0.5 part by mass of a light stabilizer
which is a compound havinga 2,2,6,6-tetramethyl-4-piperidyl
15 skeleton:

0 0

HgC—T—g—O{CHCHan—Q— ‘Q—Eocmm}—o—g—c—m‘, (1)

R‘

wherein R' and R® are each independently a hydrogen atom or
methyl group, R® and R* are each independently hydrogen atom
20 or alkyl group having 1 or 2 carbon atoms, -X- is -0O-, -S-,
-8§(=0),-, -C(=0)-0-, -CH,-, ~CH=CH- or -C(CH;3),-, and m and
n are each independently an integer which satisfies (m + n)

= 2 to 30,

0
R7+o~€R5)-—ﬂ—C=CH2 (2)
a | b
RS

25 wherein R® is a hydrogen atom or methyl group, -R®- is —CH,CH,0
-, _CH2CH(CH3)O— oxr —C(=O) CH2CH2CH2CH2CH20 - R7 is a



terval ent or hexavalent organic residue, ais an integer of 0O to 3, and b
is"an integer of 3 to 6. 2. The pol ynerization curable conposition according
to 5 claiml, wherein the conmpound having a

2,2,6,6-tetramet hyl - 4-pi peridyl skeleton is a conpound represented by the
following formula (3): NRB OC(CH2)n CO NR®33) 11 11 O O wherein R8 and R9
are each independently a hydrogen atomor 10 nethyl group, and n is an

i nteger of 5 tervalent Arpéeywalzam@m@mgmeesmrmo@ flsoan pirpeged dfy
addi ng 0.001 t50,10 jparf fois r ization initiator to 100
parts by rrasstooftjot F?é tﬁ% lr?/erllr%asq (?iLr{1 CLﬂt'J]ﬁ Jp%o C(g:rge’rrrposml on of claim1l or 2.
4. The polyneri zati on curabl e conposition accordl ng to claim3, V\/nerel n
001t05parts by t.her ol i,zation initiator havjng

10- hour hal f-14-fe 2 Va‘teﬁrléaitdwglr C%’Héﬁ? 160 EoqRP 3. R tac?%’%ilﬁ%ﬁttcby
mass  of asth%rlraqﬂplﬂwwe&%tﬂrprtﬂélédrﬁi&fnd1%mlga d0-hour half-life

t enperature of 50C or higher are add t her mopol yneri zation initiators.
25 S. A cured2pr2odudt- t(ﬁﬁlaﬂrﬁé?dl}ﬂyqomwmdbﬂngsk&ﬂeetmlwrealqmp@lmn@urabl e
conposi tion of claim Jt b ngj of . manuf actyring the cured product
of claim 5, E&%ﬂ |Ss‘,°‘|nnge et poI f@rﬁ’ zllnrcr'g ftCFFe pa}y rization curable 30
conposition of cl@im1 or 2. 44 7. A nethod of manufacturing the cured
product of clali 5, conprising adding O. to 10 parts by nass of a

t her nopol yneri zatyon initiator to 100 pants by nass of the 5 polymerization
cur abl e conposi tij@n of 1@ IO nd r mopol yre8ri zi ng the conposition
through the step (1) of g#llind|the\conpbsition by nmintaining the
tenperature at or lower folO1 to rs, the step (2) of curing the

wherein R® and R’ are each independently a hydrogen atom or

10 methyl group, and n is an integer of 5 to 12.

3. A polymerization curable composition prepared by
adding 0.001 to 10 parts by mass of a thermopolymerization
initiator to 100 parts by mass of the polymerization curable

15 composition of claim 1 or 2.

4. The polymerization curable composition according to
claim 3, wherein 0.01 to 5 parts by mass of a
thermopolymerization initiator having a 10-hour half-life
20 temperature lower than 50°C and 0.001 to 0.5 part by mass
of a thermopolymerization initiator having a 10-hour
half-life temperature of 50°C or higher are added as

thermopolymerization initiators.

25 5. A cured product obtained by polymerizing the

polymerization curable composition of claim 1 or 2.

6. A method of manufacturing the cured product of claim
5, comprising thermopolymerizing the polymerization curable

30 composition of claim 1 or 2.



conposition by increasing the tenperature to 80C or higher 10 over 2 to 24
hours, and the step (3) of further curing the conposition until the
residual ratio of the polynerization initiator beconmes 30 s or |ess by
mai ntai ning the tenperature at 80C or higher for 1 to 10 hours. 15 8. The
met hod of manufacturing the cured product #4 claim 7, wherein 0.01 to 5
parts by mass of a thernopolynerization initiator having a 10-hour

hal f-1ife tenperature |ower than 50C and 0.001 to 0.5 part by mass of a

er mopolyrer Lpat | o0 ALY phavAR S A0 oue Bkl L hemPetaL L o'
5, comprising adding 0.001 to 10 parts by mass of a
thermopolymerization initiator to 100 parts by mass of the

5 polymerization curable composition of claim 1 or 2 and
thermopolymerizing the composition through the step (1) of
gelling the composition by maintaining the temperature at
40°C or lower for 1 to 48 hours, the step (2) of curing the
composition by increasing the temperature to 80°C or higher

10 over 2 to 24 hours, and the step (3) of further curing the
composition until the residual ratio of the polymerization
initiator becomes 30 % or less by maintaining the temperature

at 80°C or higher for 1 to 10 hours.

15 8. The method of manufacturing the cured product of claim
7, wherein 0.01 to 5 parts by mass of a thermopolymerization
initiator having a 10-hour half-life temperature lower than
50°C and 0.001 to 0.5 part by mass of a thermopolymerization
initiator having a 10-hour half-1ife temperature of 50°C or

20 higher are added as thermopolymerization initiators.





