1 SPECI FI CATI ON POLYMERI ZABLE COWPCSI TI ON FOR OPTI CAL MATERI AL, OPTI CAL
MATERI AL AND METHOD FOR PRODUCI NG OPTI CAL MATERI AL 5 TECHNI CAL FI ELD [ 0001]
The present invention relates to a polynerizable conposition for an opti cal
material. Particularly, the invention reliates to a 10 pol yneri zabl e
conposition for an optical material containing a specific polyisocyanate
conpound and a specific polythiol conpound. In addition, the invention
relates to an optical naterial obtained fromthe polynerizable conposition
for an optical material and a neth ¢ Qdysi ng the optical material. 15
BACKGROUND ART [ 0002] From t he %%quFI@% astic material has been used as
an alternative to an inorganic material for the application to an optical 20
conmponent. Since such a plastic material can be tinted, and is |ightweight

and har dl yobrakeRm Z@éLEOCf@ﬁ}P@ﬁ’ﬁ:?oﬁ”Fbﬁ%Qﬁf‘d:&L @A@ERPAL whi st s ppesik usied,
the plastic material has been suitably used. In particular, as an optical

conponent such as a heRSMErHbhe FoiRk@roBDURITAR! IoP TTRIET MITHIGMING @ high
refractive index has been required. 25 As such a plastic material having a

hi gh refractive index, there has been proposed a sul fur-containing urethane
(thi ourethane) based resin as described, for exanple, in Patent Docunents 1
and 2 2.7PatirntaDocupept 1: Japanese Patent Lai d-open No. 1990-270859
Pat ent Docunent 2: Chinese Patent Laid-open No. 1405198

[0001]

The present invention relates to a polymerizable composition for

an optical material. Particularly, the invention relates to a

10 polymerizable composition for an optical material containing a
specific polyisocyanate compound and a specific polythiol compound.

In addition, the invention relates to an optical material obtained
from the polymerizable composition for an optical material and a

method for producing the optical material.

15
BACKGROUND ART
[0002]
From the past, a plastic material has been used as an alternative
to an inorganic material for the application to an optical
20 component. Since such a plastic material can be tinted, and is

lightweight and hardly broken as compared to an inorganic material
which has been used, the plastic material has been suitably used.
In particular, as an optical component such as a lens or the like,
a plastic material having a high refractive index has been required.
25 As such a plastic material having a high refractive index, there
has been proposed a sulfur-containing urethane (thiourethane)

based resin as described, for example, in Patent Documents 1 and



5 DI SCLOSURE OF THE | NVENTI ON [ 0003] By the way, in conventional

techni ques, an aromatic thiourethane based resin whose practical application
was difficult fromthe viewoint of color, has al so been used in practice by
t he devel opment 10 of an additive such as a bluing agent or the |ike, even
though it has a high refractive index. On the other hand, in |ate years, use
of a plastic material has been demanded al so for the optical conponent in

t he appli%ations where high durability is required. Anong such plastic
materials, there has been required a material 15 having optical_ properties,
particul ar| y*atpRbpRPEYmBRt| i { t {@PRPRECIEBERBENL-AFET PRENON I n 1061062, Obvat

is, high light resistance. [0004%_ On_the other hand, nost _of plastic
material s haVdrgth HPgReREract Fhaneageka5rPBEnLgRATOPPECHRs, IR S s
insufficient for the 20 application to an optical conponent requiring high
handl i ng properties, so that inprovenent of handling properties has al so
been requir;d.ﬂ%OOOSQ The present inventors have found that there is
obt ai Red B 2SLHEYRE QF FQ@iﬁﬁVQNE?BH refractive index and high Iight

resi st ance, '@Qgﬂt increasing the viscosity fromthe viewpoint of handling
properties bp6 rhg pol yi socyanate conposed of a specific 3 isocyanate

o D S ToE AL SERLH LB g SRR cOminaton, T s present
is specified by matters described 5.in below, . 1) A.pal rizable
compost t 1S T8) TARLBpPORE RERORR s RIS T Hi-¥bl §F S B LB L argtl. the
reoroun COREHLEPRIFR B0 BLaTH RS AR ORISR e
%ty s ) SRS TE A MR ER 38 Sl g
tetrakiSnﬁégagtgfégpkgggggtive index. On the other hand, in late years,
use of a plastic material has been demanded also for the optical
component in the applications where high durability is required.
Among such plastic materials, there has been required a material
15 having optical properties, particularly a property of 1little
time-dependent variation in color, that is, high light resistance.
[0004]
On the other hand, most of plastic materials having a high
refractive index are highly viscous, which is insufficient for the
20 application to an optical component requiring high handling
properties, so that improvement of handling properties has also
been required.
[0005]
The present inventors have found that there is obtained a
25 material having a high refractive index and high light resistance,

without increasing the viscosity from the viewpoint of handling

properties by using polyisocyanate composed of a specific



2, 5-bi s(nmercaptonet hyl)-1, 4-dithiane, bis(nercaptoethyl)sulfide,
1,1, 3, 3-tetraki s(nmercapt onet hyl t hi o) propane, 15
4, 6- bi s(mercapt omet hyl t hi 0) - 1, 3-di t hi aneand

2-(2,2-bis(nercaptonethylthio)ethyl)-1,3§dithietane; (2) An optical

mat eri al obtained by curing the polynerizable conposition for an optical
material as set forth in (1); (3) A nmethod for producing an optica
mat eri al Dhvayameatdy compognd@0 &hé pal yepecidbke podwadiitilon compoamdoptiinca
material as set forth in (1) or (2); and (4) The nethod for producing an

optical nxtebimdtasnsetThost htha pBesenh whivehttibe aber beent icompdeted.

pol yneri zabl e conposition for an optical material is fornmed by casting

pol yneri zat i b 0@B[ 0007] According to the present invention, it is
possi ble to provide a polynerizable conposition for an optical materi al
havi ng a hi ghhat isef thetdnasdmdéryehitgbnl i gpaasiisthhyenatice h$ gle sitaridisicng
properties, and an optical material obtained fromthe pol ynerizabl e
conposi t i . b&ELBEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0008]

Herei nafter, enbodi ments of the present invention will be described. The
pol yneri zabl €l cofpopitliyow riigebde oppipakifapari &brofan heooiol grlesawtterial
enbodi nent contains tolylene diisocyanate, hexanethyl ene diisocyanate, and
one or noF@ ol yimng dﬂolddrmdélésgéb/é@aé@,fhwmﬁéhg{@ng ot eyamtof and
4- mer capt onet hy1- 1, 8- di ner capt o- 3, 6-di t hi aoctane, 4,8-, 4,7- or o

5, 7- di nere2@tenEpKe1Pal 11h e At ds sedaqtiachifgendekarsgous consisting
pentaerythritoltetra kisnercaftoacetate,pentaerythripol

t et r aki snekf chptoprapt orat kYl 2] p8hiiratreRpPorethgil Fhiagcgipnkiade 8-+ 4,7~
bi s(nmercaptoet hyl )sulfide, 1,1, 3,3-tetrakis(nercaptonethylthio)propane,

4, 6- B0s (iR capt et G eapbymetBY i ni Andamgrcapto-3, 6, 9-trithiaundecane,

pentaerythritol tetrakismercaptoacetate, pentaerythritol
tetrakismercaptopropionate,
2,5-bis (mercaptomethyl)-1,4-dithiane, bis(mercaptoethyl)sulfide,
1,1,3,3-tetrakis (mercaptomethylthio)propane,
15 4,6-bis(mercaptomethylthio)-1,3-dithiane and
2-(2,2-bis(mercaptomethylthio)ethyl)-1,3-dithietane;
(2) An optical material obtained by curing the polymerizable
composition for an optical material as set forth in (1);
(3) Amethod for producing an optical material obtained by curing
20 the polymerizable composition for an optical material as set forth
in (1) or (2); and
(4) The method for producing an optical material as set forth
in (3), in which the aforementioned polymerizable composition for
an optical material is formed by casting polymerization.
25 [0007]
According to the present invention, it is possible to provide

a polymerizable composition for an optical material having a high



20 2-(2, 2-bis(nercaptonethylthio)ethyl)-1,3-dithietane. [0009]
Furthernore, in addition to tolyl ene diisocyanate and hexanet hyl ene

di i socyanate, other isocyanate conpounds may al so be used as foll ows.
Exanpl es thereof include aliphatic 25 poﬁyisocyanate conpounds such as
2,2,4-trinmethyl hexanmet hyl ene diisocyanate, 2,4, 4-trinethyl hexanet hyl ene
di i socyanate, |ysine diisocyanatonethyl ester, |lysine triisocyanate,

m xyl yl eneef Sadiisecyandde, a,la,ql , a idhet r arstibtdande/| enedi insiagy ahanell ing
bi s(i socyanat onet hyl ) napht hal ene, nesitylylene triisocyanate,

bi s(i socyanepeneidy) ) sanii deabi sppsocpdnatoetdyldsul obdeyined from the
bi s(i socyanat onet hyl ) di sul fi de, bis(isocyanatoethyl)disulfide, 5

bi s(i socyembymeet b idai odmpobanepnbi s(i socyanat oet hyl t hi o) net hane,

bi s(i socyanat oet hyl t hi 0) et hane, bi s(i socyanat onet hyl t hi o) et hane and t he
i ke; alicyclic polyisocyanate conpounds such as isophorone

di i socyanat e, bi s(i socyanat onet hyl ) cycl ohexane, 10 di cycl ohexyl net hane

di i sodyante] MYRE ofek apaREY I8ecyafalBl INVENTION

met hyl cycl ohexanedi i socyanat e, di cycl ohexyl di net hyl net hane

i socyanat e, 2l Mt k(i socyanat onet hyl ) bi cycl o-[ 2. 2. 1] - hept ane,
2,6-bis(isocyana;onethyl)bicycLo-[Z.Z.l%-heptane, _ ‘ '

3, 8- bi s(i sodierrtNELSY ) eRPegérneddsanet fhe present invention will be
3, 9-bi s(i socyanatonethyl)tricycl odecane,

4, 8- bi s(i%veyaHa®dnet hyl )tricycl odecane,

4, 9-bi s(isocyanatonet hyl )tricycl odecane and the |ike; aromatic

pol yi socyanatiee RbBIesZakd @emroait gpphéAy| ABt RRAECAIli 88EpaAate of the
di phenyl sul fi de-4, 4-di i socyanate and the |ike; and
20heﬂ@rod%%@%%ﬁ%ﬂ%ﬁ@ﬂﬁﬁﬁ&ﬁ&%éﬁﬁﬁﬁﬁﬂﬁﬂé§ﬂdﬁé§m2954§PF§@@@§ﬁat8@%@86ﬁ@ﬁé?ne
2, 5-hi s(i socyanat onet hyl )t hi ophene, 2, 5-dii socyanat ot etrahydr ot hi ophene,
2, 5- hi s( i SokSRMEA e hy? )¢ ePPahYEr BPRPoPRENEN1IOL compounds’ selected from

3, 4-bi s(i socyanat onet hyl )t et r ahydr ot hi ophene, . ,
IS(I’t‘_shey yh groupy ' OP consisting of

4-mercaptomethyl-1,8-dimercapto-3,6-dithiaoctane, 4,8-, 4,7~ or
5,7-dimercaptomethyl-1, 11-dimercapto-3, 6, 9-trithiaundecane,
15 pentaerythritol tetrakismercaptoacetate, pentaerythritol
tetrakismercaptopropionate,
2,5-bis (mercaptomethyl)-1,4~dithiane, bis(mercaptoethyl)sulfide,
1,1,3,3-tetrakis(mercaptomethylthio)propane,
4,6-bis (mercaptomethylthio)-1,3~-dithiane and
20 2-(2,2-bis(mercaptomethylthio)ethyl)-1,3-dithietane.

[0009]

Furthermore, 1n addition to tolylene diisocyanate and
hexamethylene diisocyanate, other isocyanate compounds may also
be used as follows. Examples thereof include aliphatic

25 polyisocyanate compounds such as 2,2,4-trimethylhexamethylene
diisocyanate, 2,4,4-trimethylhexamethylene diisocyanate, lysine

diisocyanatomethyl ester, 1lysine triisocyanate, m-xylylene



25 2,5-diisocyanato-1, 4-dithiane, 2,5-bis(isocyanatonethyl)-1,4-dithiane,
4,5-diisocyanato-1,3-dithiolane, 6 4, 5-bis (isocyanatonethyl) -1,
3-dithiolane and the |like, but are not restricted to these exenplified
conpounds al one. [0010] Furt hernore, exa%ples of the isocyanate conpound

i ncl ude 5 pol yi socyanat e conpounds havi ng an i socyanate group nentioned
above which is partially substituted with an isothiocyanate group, but are
not rest didtsedyamattese canpoundsxy ' 0O mExtapik eby bénsuch dnissoyAnatganat e
conpound i nclude aliphatic 10 polyi sot hi ocyanat econpoundssuchashexanet hyl ene
di i sot hi ddysalnistaeydnsdiaree t ylsatdplodyaatometiys i egl gkenéystneisocyanate,
triisothiocyanate, mxylyl enedii sothi ocyanate,

bi s(i sot thicclimvatymmettyngtsut i )isiel f e | sot hiloty ahatoeahytdsthildenl fide,

bi s(i sot hi ocyanat oet hyl )di sul fide and the |ike; alicyclic

pol yi sot hiicclyisratya redrmpmitdsl )slichi asi dgophot ®hesocyanatoethyl)disulfide,

di i sot hi ocyanat e, bi s(i sot hi ocyanat onet hyl ) cycl ohexane,

di cychohédiyd (estdraisedi ti agot thi oldyrairatres iyt @hexane

di i sot hi ocyanat e, net hyl cycl ohexanedi i sot hi ocyanate, 20

2, 5- bi s( itsigt Hisseyarnattordthgd Yibi ayed thqre 2 114 s hepeanenatoethylthio) ethane,
2,6-bis(isothiocyanatonethyl)bipyclo-[2.2.1!-heptane,

3, 8- bi s(iks&t Hiseeparattomathy Yihioyeivire aard the like;

, 9-bi s(i sot hi ocyanatonet hyl )tricycl odecane, _

8- bi s(i soERilcy\Fdiat onkd hyl jeevepefedecmmpowrls such as  isophorone

9- bi s(i sat hi ocyanatonethyl )tricycl odecane and the |ike, aromatic

| yi sot Kiid&pavatret@npounds such” as t 3 ehgocyanatomethyl)cyclohexane,

[

sot hi ocyanat e, 4, 4- di phenyl nmet hanedi i sot hi ocyanat e, .
10 dicyclohexylmethane diilsocyanate, dyclohexane diisocyanate,

methylcyclohexane diisocyanate, dicyclohexyldimethylmethane
isocyanate, 2,5-bis(isocyanatomethyl)bicyclo-[2.2.1]-heptane,
2,6-bis(isocyanatomethyl)bicyclo~[2.2.1]-heptane,
3,8-bis{isocyanatomethyl)tricyclodecane,

15  3,9-bis (isocyanatomethyl)tricyclodecane,
4,8-bis(isocyanatomethyl)tricyclodecane,
4,9-bis(isocyanatomethyl)tricyclodecane and the like;

aromatic polyisocyanate compounds such as 4,4'-diphenylmethane
diisocyanate, diphenylsulfide-4,4-diisocyanate and the like; and

20 heterocyclic polyisocyanate compounds such as
2,5-diisocyanatothiophene, 2,5-bis(isocyanatomethyl)thiophene,
2,5-diisocyanatotetrahydrothiophene,
2,5-bis(isocyanatomethyl)tetrahydrothiophene,
3,4-bis(isocyanatomethyl)tetrahydrothiophene,

25 2,5-diisocyanato-1,4-dithiane,
2,5-bis(isocyanatomethyl)-1,4-dithiane,

4,5-diisocyanato-1,3-dithiolane,



7 di phenyl di sul fi de-4, 4-diisothi ocyanate and the |ike; and

sul fur-contai ning heterocyclic polyisothiocyanate conpounds such as

2, 5-di i sot hi ocyanat ot hi ophene, 2,5-bis(i§othiocyanatonethyl)thiophene, 5
2, 5-i sot hi ocyanat ot et r ahydr ot hi ophene,

2, 5- bi s(i sot hi ocyanat onet hyl ) t et r ahydr ot hi ophene,

3, 4- bi s(i sot hi ocyanat onet hyl ) t et rahydr ot hi ophene,

2, 5-di i sét hirdspdnstoeyinstdimeiitgie,~1, 3-dithiolane and the like, but are
2, 5-bi s(i sot hi ocyanat onet hyl )-1, 4-di t hi ane, 10

4, 5-di i soelhi separacset, 3oditihteissl @xemplified compounds alone.

4,5-bi s(i sot hi ocyanatonethyl)-1, 3-dithiolane and the |ike, but are not
restricted tt680€Rdse exenplified compounds al one. [0012] Furthernore, the
above isocyanate conpounds substituted with 15 hal ogen such as chlorine,
brom ne andFuké&heirRerew t BXamPaERy|ofr dlle aRoslYRE®Y:Sgr 6PPOHNH t o hrdep,
or nodified with polyhydric al cohol prepolyner, carbodiimde, urea, biuret,
or a ®i nepPilydsiosn angaet i erpr wadet halvinge drsot§anraBatemeceids ReYt hPBedbe
used. Such isocyanate conpounds may be used sjngly, or two or nore conpounds
20 may béPgyedvihckdrfbPaatiledly] @egs]ututﬁﬁ el EfohSPBNLREYaP8Eenehe foned
pol yt hi ol conpounds, other, thiol conpounds nmay be used as follows, and
exanpl esPifiePESH NPhc IF§dE TR &t FA R SIOMER YRGS apt o- 1, 2- pr opanedi ol

gl ycerine ZE BiiSnercaptoacetate),4-nercaptopheno|,

2, 3-di nmerca £84 propanol , pentaerythritol tris(3-mercaptopropionate),
pentaerythritol tris(thiog]ycolate). ,and the Iike, but are not restricted to
t hese exenpFFRBdSEo oﬁﬂgg %Poh%?gTbﬁﬁﬁTnate C?%P?H%?nﬁ?%}ug?h%}lEEWE%%ioI

CPMMNISTEN 2 200c ised a0 2 Tghigte, and gramles, (her ol Lucl boe. ..
diisothiocyanate, 1lysine diisothiocyanatomethyl ester, lysine
triisothiocyanate, m-xylylene diisothiocyanate,
bis(isothiocyanatomethyl)sulfide,
bis(isothiocyanatoethyl)sulfide,

15 Dbis(isothiocyanatoethyl)disulfide and the like;

alicyclic polyisothiocyanate compounds such as isophorone

diisothiocyanate, bis(isothiocyanatomethyl)cyclohexane,
dicyclohexylmethane diisothiocyanate, cyclohexane
diisothiocyanate, methylcyclohexane diisothiocyanate,

20 2,5-bis(isothiocyanatomethyl)bicyclo-[2.2.1]-heptane,
2,6-bis(isothiocyanatomethyl)bicyclo-{2.2.1]-heptane,
3,8-bis(isothiocyanatomethyl)tricyclodecane,
3,9-bis(isothiocyanatomethyl) tricyclodecane,
4,8-bis(isothiocyanatomethyl)tricyclodecane,

25 4,9-bis(isothiocyanatomethyl)tricyclodecane and the like;

aromatic polyisothiocyanate compounds such as tolylene

diisothiocyanate, 4,4-diphenylmethane diisothiocyanate,



1, 2, 3-propanetrithiol, 1, 2-cycl ohexanedithi ol ,

bi s(2- mer capt oet hyl ) et her, t et raki s( mer capt onet hyl ) net hane,
diethyleneglycolbis(2-nercaptoacetate),dgethyleneglycol 10

bi s( 3- mer capt opr opi onat e), et hyl enegl ycol

bi s(2- mer capt oacet at e), et hyl enegl ycol

bi s( 3- mer capt opr opi onate), tri nmet hyl ol propane

tris(2- metigdpoakbdt suklidetied gl bsprlbpapeanate and the like; and
tris(3-mercaptopropionate),trinethylol ethane 15

tris(2- mer captidaveten)ainimet hgtokeckahec polyisothiocyanate compounds
tris(3-nercaptopropionate), bi s(nmercaptonet hyl)sul fide, ,

bi s( mer capt@net hyl ) di sul fi @6, bi s(ner capt oet hyt{disathigeyanatothiophene,
bi s(mer capt opr opy! ) sul fi de, bi s( mer capt onet hyl t hi o) met hane,
bis(2-neﬁ%kﬁnQ%ﬁaw$Q¢ﬁ¥9¢ﬁﬁ¢ﬁﬁ@meQ@ygi%%BOE%?Eﬁptopropylthio)nethane,

1, 2- bi_s(ner capt onet hyl t hi o) et hane, 1, 2-bi s(2-mer capt oet hyl t hi 0) et hane,

1, 2- bPs( 3 meT et b O a He led et Hardroth doBhere s ( ner capt onet hyl t hi o) pr opane,
25 1, 2, 3-tris(2-nercaptoethylthio)propane, )
1,2,3-tri%ﬂ@?bﬁﬁQ%ﬁﬂ?ﬁﬁQﬁM4@¢ﬁ%W% loph getrahydrothiophene,

t et raki s(_1rer capt onet hy| t hi onet hyl ) net hane,

tetraki s(2-4rEt capt Tt Hy SRR lyw%ih%ééhgdrothiophener
L?gzgré?ggkggiﬁggi {égggééﬁé?ﬁégyéggg%gﬁ%?éapto-1,4-dithiane,
2, 5, LT SOl ey S E e £ 0L age, ang, el - esters ¢
10 4,5-diisothiocyanato~1,3-dithiolane,
4,5-bis(isothiocyanatomethyl)-1,3-dithiolane and the 1like, but
are not restricted to these exemplified compounds alone.

[0012]

Furthermore, the above isocyanate compounds substituted with

15 halogen such as chlorine, bromine and the 1ike, with an alkyl group,
an alkoxy group, a nitro group, or modified with polyhydric alcohol
prepolymer, carbodiimide, urea, biuret, or a dimerization reaction
product of the isocyanate compounds may also be used. Such
isocyanate compounds may be used singly, or two or more compounds

20 may be used in combination.

[0013]

In addition to the aforementioned polythiol compounds, other
thiol compounds may be used as follows, and examples thereof
include 2-mercaptoethanol, 3-mercapto-1,2-propanediol, glycerine

25 Dbis(mercaptoacetate), 4-mercaptophenol,
2,3-dimercapto-1l-propanol, pentaerythritol

tris(3-mercaptopropionate), pentaerythritol tris(thioglycolate)



hydr oxynmet hyl sul fi debi s(2- nmer capt oacet ate),

hydr oxynmet hyl sul fi debi s(3- nmer capt opr opi onate), hydroxyethyl sul fi de

bi s(2- mer capt oacet ate), hydroxyethylsulféde bi s( 3- mer capt opr opi onate), 10
bi s(2- mer capt oacetate), bis(3-nercaptopropionate), bis(2-nmercaptoacetate),
bi s(3- mer capt opr opi onate), bis(2-nercaptoacetate), 15

bi s(3-nmercapt opropi onate), hydroxynet hyl di sul fi de hydroxymet hyl di sul fi de

hydr oxyet

aheshl k¢ d Wy diexyet Mpsdirstaddeo Lhrse spedeiiyiethepmpounds

2- mer capt oet hyl et her t hi odi gl ycolicacid

bi s( 2- nerdd@iteet hyl est er), t hi odi propi oni caci d
bi s(2- mer capt oet hyl ester), di t hi odi gl ycolicacid

bis(2-nercad¥5@ﬁﬂylester),dithiodipropionicacid bi s(2- mer capt oet hyl ester),

Furthermore, other polythiol compounds may also be used as

5 follows, and examples thereof include aliphatic polythiol
compounds such as methanedithiol, 1,2-ethanedithiol,
1,2,3-propanetrithiol, 1,2-cyclohexanedithiol,
bis(2-mercaptoethyl)ether, tetrakis (mercaptomethyl)methane,
diethyleneglycol bis(2-mercaptoacetate), diethyleneglycol

10 bis(3-mercaptopropionate), ethyleneglycol
bis(2-mercaptoacetate), ethyleneglycol
bis (3-mercaptopropionate), trimethylolpropane
tris(2-mercaptoacetate), trimethylolpropane
tris(3-mercaptopropionate), trimethylolethane

15 tris(2-mercaptoacetate), trimethylolethane
tris(3-mercaptopropionate), bis (mercaptomethyl)sulfide,
bis (mercaptomethyl)disulfide, bis(mercaptoethyl)disulfide,
bis (mercaptopropyl)sulfide, bis (mercaptomethylthio)methane,
bis(2-mercaptoethylthio)methane,

20 bis{(3-mercaptopropylthio)methane,
1,2-bis(mercaptomethylthio)ethane,
1,2-bis(2-mercaptoethylthio)ethane,
1,2-bis(3-mercaptopropylthio)ethane,
1,2,3-tris (mercaptomethylthio)propane,

256 1,2,3-tris(2-mercaptoethylthio)propane,

1,2,3~-tris(3-mercaptopropylthio)propane,

tetrakis(mercaptomethylthiomethyl)methane,



20 1,1, 3, 3-tetraki s(nercapt onet hyl t hi o) pr opane,

1,1, 2, 2-tetraki s(nmercaptonet hyl t hi o) et hane,

4, 6- hi s(nmercapt onmet hyl t hi 0) -1, 3-di t hi acycl ohexane,

tris(mercaptonet hyl t hi o) net hane, tris(ne%captoethylthio)nethane and the
| i ke; 25aromatic pol ythiol conmpounds such as 1, 2-di nercapt obenzene,

1, 3-di ner capt obenzene, 1, 4- di ner capt obenzene, 10

1, 4- bi s( rertoitienEt-md Ndsgrizents)y 1t 12k dmest(mel et loewdy| ) benzene,

1, 3- bi s(mer capt oet hyl ) benzene, 1, 4- bi s( mer capt oet hyl ) benzene,

1, 3, 5- t r itredrredpEtsolemreTs o, & Bep y 1 S (amrepy bme hiydndenzene,

1, 3,5-tris(mercaptonet hyl eneoxy) benzene, 5

1, 3, 5- t r isi(enlér, CapstiowtioA EaoaD bersehisl e 5- t 9 vedbé rhapto-1, 4-dithiane,
3, 4-tol uenedi thiol, 1, 5-napht hal enedi t hi ol , 2, 6-napht hal enedi t hi ol and the
like; and,Petddmsgyaeitass yiini ol compounideslichas-dithiane and their esters
2- et hyl ami no- 4, 6-dithiol-symtriazine, 3, 4-thiophenedi thiol, 10 ,

bi snu hi @11t 6- bibipelraptomet hydehdio) - B8l di t Reggaptopropionic acid,

2-(2,2-bis(nmercaptonet hylthio)ethyl)-1,3-dithietane and the |ike, but are
not rest Mysiregk s el lidehpl i fi ed conpounds al opks (§ 0BAEFaFLPREREADBRE; an
ol i goner of the above pol ythiol conpounds, other 15 thiol conpounds or other
pol yt hi ohY&wmsomeddy leruk substituted withPhal dgBarsaRRCRECRhPBRFRE!
brom ne and the |i ke may be used(as ot her thiol conpounds or ot her iggééhiol

conpound$lY HRREyE tstl sk et S lis Y IF Y LN 6t S
ore C°”@ﬁﬁq%idgﬁéggiSﬁ?ﬂ%f&hé%ﬁ?ﬁ nation. hydroxymethyldisulfide
10  bis(2-mercaptoacetate), hydroxymethyldisulfide
bis(3-mercaptopropionate), hydroxyethyldisulfide
bis (2—mercaptoacetate), hydroxyethyldisulfide
bis (3—mercaptopropionate), 2-mercaptoethyl ether
bis(2-mercaptoacetate), 2-mercaptoethyl ether
15 bis(3-mercaptopropionate), thiodiglycolic acid
bis (2-mercaptoethyl ester), thiodipropionic acid
bis(2-mercaptoethyl ester), dithiodiglycolic acid
bis(2-mercaptoethyl ester), dithiodipropionic acid
bis(2-mercaptoethyl ester),

20 1,1,3,3-tetrakis (mercaptomethylthio)propane,
1,1,2,2-tetrakis (mercaptomethylthio)ethane,
4,6-bis(mercaptomethylthio)~1,3-dithiacyclohexane,
tris(mercaptomethylthio)methane, tris(mercaptoethylthio)methane
and the like;

25 aromatic polythiol compounds such as 1,2-dimercaptobenzene,
1l,3-dimercaptobenzene, 1,4-dimercaptobenzene,

1,2-bis(mercaptomethyl)benzene, 1,3-bis(mercaptomethyl)benzene,



20[ 0016] Meanwhil e, tolylene diisocyanate, hexanethyl ene diisocyanate and,
as necessary, other isocyanate conpounds (hereinafter referred to as the
i socyanate conmpound) used in the present enbodi nent may be prelimnarily
reacted in advance with a part of 25 the,polythiol conpound, and, as
necessary, other thiol conpounds and ot her polythiol conpounds (hereinafter
referred to as the thiol conpound). In addition, the thiol conpound used in
the present 11 invention nmay be prelimnarily reacted i n advance with a
part of thé Tslecliatatad CEmidund. PYooIT/ FuktfebhdfBeSr FapteRBN LI BBrachE:
nDdlfylnq_the resin, aresin 5 nodifier such as, a hydrox gund an epoxy
o%hiY

conpound, @ﬂﬂ?Q%ﬁ¥QﬁﬁﬁﬁﬁﬁﬁFn%ﬁP%wgan1c4d%}% %%HC?P PeRZeRA"

ol ef i ni ¢ _conmpound such as (et h) acr (o) und or the
added. Herelr tt’ﬁé“erre%%%%fdizf%r@r' is %n%o nggm?ﬁﬁa?%@%‘ééglf bﬁ%?eaﬁr
properties s ch as refractive |n ex s nunber, heat 10 resi stance,

speci fi ¢ lgravi Ty BhdaieRtwmet rﬁeﬁﬁé %%}e%?rength such as i npact

strength .o

t hi.ou ethane based resin. [001 Exa f th
conpo nd]u§%§ AL eSS R %%%thylengPéT§88Fen?$?£¥ﬁ9 ene
gl ycol, pr%' Iene % ¥c 15 tripropyl ene egCOLy?}?%égg%% ggéglthlol

t hi odi et ha glycerlne trimet

pent aer ythr _;ol an thes onpounds but are not restricted
to thesetzef’le |hft—1%eagL éb%?%bﬂﬁtfgfaal 41

heterocyclic polythlol compounds such as
2-methylamino-4, 6-dithiol-sym-triazine, 3,4-thiophenedithiol,
10 bismuthiol, 4,6-bis (mercaptomethylthio)-1,3-dithiane,
2-(2,2-bis(mercaptomethylthio)ethyl)-1,3-dithietane and the like,
but are not restricted to these exemplified compounds alone.
[0015]
Furthermore, an oligomer of the above polythiol compounds, other
15 thiol compounds or other polythiol compounds, or those substituted
with halogen such as chlorine, bromine and the like may be used
as other thiol compounds or other polythiol compounds. These
active hydrogen compounds may be used singly, or two or more
compounds may be used in combination.
20 (00161
Meanwhile, tolylene diisocyanate, hexamethylene diisocyanate
and, as necessary, other isocyanate compounds (hereinafter
referred to as the isocyanate compound) used in the present
embodiment may be preliminarily reacted in advance with a part of
25 the polythiol compound, and, as necessary, other thiol compounds
and other polythiol compounds (hereinafter referred to as the thiol

compound). In addition, the thiol compound used in the present



20Exanpl es of the epoxy conmpound which may be added as the resin nodifier

i ncl ude a phenol - based epoxy conpound obt ai ned by condensation reaction of a
pol yhydri ¢ phenol conpound such as biqui?ol A glycidyl ether and the |ike
wi th an epi hal ohydri n conpound; an al cohol - based epoxy conpound obt ai ned by
condensation 25 reaction of a pol yhydric al cohol conmpound such as

hydr ogenat ed bi sphenol A glycidyl ether and the |ike with an epihal ohydrin
conpound; invepyierlyia v diee musdsien repoidy corppoatl iobteal e w1 tip ac ordénSat i on
reaction of a multivalent organic acid conpound such as

3, 4- epoxyeire | vhexyametdydempoundepoxycycl ohexane carboxyl ate and the |ike

wi th an epi hal ohydri n conpound; an am ne-based epoxy conpound obtai ned by
condensati onl4®ktkion of a primary or 5 secondary di ani ne conpound with an
epi hal ohydri n conmpound; an aliphatic multival ent epoxy conpound such as

vi nyl cycl ohdXEre\Hepieski deCan e heurpree bt madéfHondr £56r réfed t 8 TREE
exenplified conpounds al one. [0020] 10Exanpl es of the episulfide conpound
whi chSnay sl BeRied St hasr ési RYABERYI FOTRRIMAe BMne8POAYI piftReund, an

2, 3-epi thiopropyl thio compoundssuchasbi s(2, 3-epi.thiopropylthio)sulfide,

bi s( 2, 3- €37t Hi bk S FomRCE @iy stif fA D 157 8€2IRBiNS BPPBPYEERr FHheLRIAB1IC15

1, 2-bis(2, 3-epithiopropylthio)ethane, ,

1, 5- bi s( LARPIMPSHFT0PY & NG} D3-3 AF ihehe HRERAHY RE Fikd;1ke may be added.

2, 3-epi thi opropyl thio conmpound having an alicycljc. qgr _heterocyclic¢ ring.such
as 1, 3_ bikﬁf,lﬁ,eﬁq%irﬁggﬁﬂo[%f&)%& ﬁe)ggﬁlé)’o-u which 1mpr-0\>és physical
2.5-bis(3, 3 epi Ll opropyf thigmer by} ) ds oo thiane apdythe 1Hkepeand heat

10 resistance, specific gravity and the like, and mechanical strength
such as impact strength of a thiourethane based resin.

[0018]
Examples of the hydroxy compound used as the resin modifier
include diethylene glycol, triethylene glycol, dipropylene glycol,

15 tripropylene glycol, 1, 4-butanediol, thiodiethanol,
dithiodiethanol, glycerine, trimethylolpropane, pentaerythritol,
and an oligomer of these compounds, but are not restricted to these
exemplified compounds alone.

[0019]

20 Examples of the epoxy compound which may be added as the resin
modifier include a phenol-based epoxy compound obtained by
condensation reaction of a polyhydric phenol compound such as
bisphenol A glycidyl ether and the like with an epihalohydrin
compound; an alcohol-based epoxy compound obtained by condensation

25 reaction of a polyhydric alcohol compound such as hydrogenated
bisphenol A glycidyl ether and the like with an epihalohydrin

compound; a glycidyl ester-based epoxy compound obtained by



aromati c2, 3- epi t hi opr opyl t hi oconpoundssuchas

1, 3-bi s(2, 3-epithiopropylthio)benzene, 1, 4-bis(2,3-epithiopropylthio)benzene
and the like, but are not 25 restricted tp these exenplified conpounds

al one. [0021] Exanples of the organic acid and its anhydride which may be
added 13 as the resin nodifier include thiodiglycolic acid, thiodipropionic
acid, dithiodi Loni¢c acid, phthalic.anhydrid hexahydr qp i

anhyar dec oo RS e C A RATT ¢ HHRyarCaer ek A et & GhydropRr e e
anhydri de

Gy 82 818 CRGT Ko St AVE-NGE st CH 0 LS Eror 176 *
3332;“255?%0‘?@%lﬁfﬁ%ﬂ%ﬁ%ralﬁ.x%@h%%#&%%ﬁf‘%ﬁ%@éﬁéS%E%ﬁﬁ%%% R
2 hyar oxy BRI ay y TR B Sk DSy Har Ry Al hakror ot & ol Serayrt Barof are

o1 vel dy|_Betbaceylaka e henaxyetivha aghyhate, benoreyayl, TBLABELAGA! &

phenyl acry t hyl ene yco i acryl at €, ne glyco

di met hacry} a ﬁath?EBWHyy%ﬁydﬁx%$&%YdE%%P%H%6%s&@ﬁtQX'%Q%¢%ﬁgﬁﬁohexene

di nret hacryl ate, triethylene glyco acrylate, triethylene dl

di met hacr yt ab6x 1 860RRNIK0l YRO! Wiaghyl gbe rdeanentad gbyert sdidmidacryiad e,
et hyl enegl ycol bisglycidyl acrylate, ethyleneglycol bisglycidyl

et hacryl abgpolhgphgngheA di acryl ate, bisphenol A dinethacrylate, bisphenol
F 20 diacrylate, bisphenol F dinethacrylate, trinmethylol propane triacrylate,
trimethyl ol propape trinmethacrylate, glycerol diacrylate, glycerol

di met hacryl ate, pentaerythritol triacrylate, pentaerythritoltetracryl ate,

pent agy yt hri ERhmbpeé & ot FlasT &b BE €1 £ Xyé YEomeshhBi which atsy! 8¢ &added as the
xyl yl enedi t hi ol di met hacryl ate, 25

mer capt oet 8yl sulfdddedieacr yhat edeencapizaet Ayl subti de di3migiagriydmicp dnch ide
i ke; allyl conmpounds such as allylglycidyl ether, diallylphthalate, 14
di al | yl t ecephbhabat e, di shtlyl i sopt hal abe sdiet3hdpdngglopaalpylthio) sulfide,
bis(2,3-epithiopropylthio)disulfide,
bis(2,3-epithiopropylthio)methane,
15 1,2-bis(2,3-epithiopropylthio)ethane,
1,5-bis(2,3-epithiopropylthio)-3-thiapentane and the like;
2,3-epithiopropylthio compound having an alicyclic or
heterocyclic ring such as
1,3-bis(2,3-epithiopropylthio)cyclohexane,
20 2,5-bis(2,3-epithiopropylthiomethyl)-1,4-dithiane and the like;
and
aromatic 2,3-epithiopropylthio compounds such as
1,3-bis(2,3-epithiopropylthio)benzene,
1,4-bis(2,3-epithiopropylthio)benzene and the like, but are not
25 restricted to these exemplified compounds alone.

[0021]

Examples of the organic acid and its anhydride which may be added



bi sal | yl carbonate and the |ike; and vi nyl conpounds such as styrene,

chl orostyrene, nethyl styrene, bronostyrene, di bronostyrene, divinylbenzene,
3, 9-di vi nyl spi robi (m di oxane) and the lije, but are not restricted to these
exenplified conpounds al one. [0023] These resin nodifiers may be used
singly, or two or nore conpounds may be used in conbination. 10[ 0024]

VWh he | nd, .th hi ol . d dth i n.nodi f.ier. d
n the praSert IAvention e (08 dena T opor OO e Qe e
her ei naf t f t. t h ti hydr ) .int f. th

orar 1 ati Gt unEo B PSR IS NoOrNE T ( St ) T Heual | § ke Fange

O 0. LA Bl ok 08! RE, 0100, 3oL 8 Rk Q020L el oo

above, the’co on contain anate

di i SOCyaﬂﬁtgh%ﬁ{S‘%%%@&%f&ﬁh%giego' ythy %bzd%ﬁr&%ound %ﬁaféf@”“ a'an?a?,@%% nt

S
exhibits not “det'eri ordte handling properties.” The

vi scog tytf‘ﬁh‘éi%{‘@f% :.é%{ehi}édr}:p il %&r%‘ﬁ?e'ﬂ%tﬁ% BY JbR d\fii%%ogg%iy‘&kgé kLl

m xture neasured, ng a B type viscometer egr €es

centigrade.. T V%é@?iétye@e{&efﬂeEQe%XEﬁP9§k&éﬁd”@@ﬁlgﬁﬁgd%S ahppedi ately
after m xi'ng of the conposition and the viscosity neasured until the
conpl eti on Oﬁodiﬂ ction of all nononers through the degassi ng process under

a reduced pressure or other steps is
Examples of the olefinic compound which may be added as the resin

modifier include (meth)acrylate compounds such as benzyl acrylate,
10 benzyl methacrylate, cyclohexyl acrylate, cyclohexyl methacrylate,
2-hydroxyethyl acrylate, 2-hydroxymethyl methacrylate, glycidyl
acrylate, glycidyl methacrylate, phenoxyethyl acrylate,
phenoxyethyl methacrylate, phenyl methacrylate, ethylene glycol
diacrylate, ethylene glycol dimethacrylate, diethylene glycol
15 diacrylate, diethylene glycol dimethacrylate, triethylene glycol
diacrylate, triethylene glycol dimethacrylate, neopentylglycol
diacrylate, neopentylglycol dimethacrylate, ethyleneglycol
bisglycidyl acrylate, ethyleneglycol bisglycidyl methacrylate,
bisphenol A diacrylate, bisphenol A dimethacrylate, bisphenol F
20 diacrylate, Dbisphenol F dimethacrylate, trimethylolpropane
triacrylate, trimethylolpropane trimethacrylate, glycerol
diacrylate, glycerol dimethacrylate, pentaerythritol triacrylate,
pentaerythritol tetracrylate, pentaerythritol tetramethacrylate,
xylylenedithiol diacrylate, =xylylenedithiol dimethacrylate,
256 mercaptoethylsulfide diacrylate, mercaptoethylsulfide
dimethacrylate and the like;

allyl compounds such as allylglycidyl ether, diallylphthalate,



15 inportant. So, fromthe viewooint of excellent handling properties, for
exanpl e, the viscosity immediately after m xing of the conposition as a
target is not nore than 100 nPa.s, preferably not nore than 50 nPa.s, and
further preferably not nore than 30 nPa.s. 5 Furthernore, when the optical
material is used for casting polynerization to be described bel ow, the

[ ity durj i njecti ' f | y.not h 200 -~ d at
5 tonper S bbb EEGheLat Sent gt auby L ROBAFRPLaIAr . {6r b SAGE R A Tens
W th very thif}gfﬁéféoth'ckne S fu%%ggt ggger viscosity 10 such as 100

[ I Al

mPa.s or TE:% bt 6F 7 29 BS so, the present invention
provi des an optical materjal obtained by curj th ol yneri zabl-e
conposi tion ‘%lor}ygﬁoglﬁtolu@a S ﬁﬁ?er?%lset rn%?%n@&qg)ggfgflﬁéUCﬁleéﬁly&ﬁttiygglne’
material s excellent in durability fr th i ewpoi nt of J.ittl
tine-depé%%%ﬁ?SE%f?%?ion in colo?il §O?rgg3F§ ¥0n with a Iﬁéhﬁ%yiggnggpgﬂ

rent | gneds her £1 0, AN DB SNEkNBLEd, B2 JIEASUECTPOL YRl ue gladhe £h3108 g

(hereina refer 0 as I owness T nde eréinafter erred

to 20 as gg)tﬂ%ﬁégéf%%é?i?%ééZé&ﬁéthgsF?EBBQ? after, for exanple,

irradiation w urs. I's preferable that the AYl val ue
of an opticahngg%Frial is as small as possible fromthe viewpoi nt of
excellent durability. [0027] 25The refractive index of the optical nmaterial

mentioned hefieldl MYk gist B dynblie dd ndsBRd dihey GANPOST i 21 1R 1f

t he i socyanate conpoun e active hydrogen conpound i n the
pol yrmeri zalh e ¢IPash {108 @Sedeshr 8dmbMnRafbhcul ar, the refractive index of

the optical material of the present enbodi ment needs to be high. Fromthis
viewpgi nt, predefpbly used is a
When the isocyanate compound, the thiol compound and the resin
modifier used in the present invention are used, the proportion
of the hydroxy compound (hereinafter referred to as the active
hydrogen compound) in terms of the molar ratio of functional groups
15 (NCO+NCS) / (SH+OH) is usually in the range of 0.8 to 1.5 and
preferably in the range of 0.9 to 1.2.
[0025]
As described above, the composition containing tolylene
diisocyanate, hexamethylene diisocyanate, and a specific
20 polythiol compound as essential components exhibits the viscosity
which does not deteriorate handling properties. The viscosity
mentioned herein can be evaluated by the viscosity of a monomer
mixture measured, for example, using a B type viscometer at 20
degrees centigrade. The viscosity between the viscosity measured
25 immediately after mixing of the composition and the viscosity

measured until the completion of injection of all monomers through

the degassing process under a reduced pressure or other steps is



conbi nati on of an isocyanate conpound and an active hydrogen 5 conpound, or
its conposition ratio for obtaining a resin having a refractive index of
normal [y not |less than 1.55, preferably pot | ess than 1.59 and further
preferably not | ess than 1.65 when the refractive index is measured by an
e-line. [0028] 10Meanwhile, from another viewpoint, the present invention

id t hod f duci tjcal terial tai ned b [ th
ol o oo TP e TS G0 ol
[ [ [ i 0 i zabl e. [
Lo g & 110 CIETRIE moF 41 HC ALY ng B ers bat FORe] 0058158 Tnentie
curing and nol di n b2 m xture of the isocyan gencggBo%gd.and %zeza%;!vg
hydr ogen TYNpOUhd: Ot it & §%TPHE 5T 9tE trleoﬁ 87poP Y iErT ZabiPE CSHsEEi% £9 f or
tical terial bst 20 be .add ' h [
o ORI CHlpMEGa ALy eaulst Anee (RN 20 08 addad,) D fhg, AT, R eRs o1 2
catal yst syioh as, dibutytdn dichloride or dhe Like. jan yltpavigl el absgrper
it r & o %he ' ke erna

such ds d benzotriazol e avrol sor ber or an’in

tabi | zor LrehRtr EipT Gt PR PAEErRLE PRAMAT U Bt R Ear R on
ant - col oVT - aathe S arTetPRab e Gy R 80 Ran, RO RS hS TR p5 20,
Wen an i{‘érﬁ[%é%é;%l.?&'o‘ftb@gjdé;%etgseeé%qﬁg&g@.xif?ﬂg@r%?éﬁ&%?f‘ ﬁz{ g%&pﬁeﬁgﬁvl d

rel ease age ot her a ves tot I socyanat e conpoun

active hyadrP%%‘ivgagtgﬂPiot'é'gY @Hﬁﬁ%é’@t@i %H?cﬁﬂ%ggys%u[r.tth%rmlo@e'i’ekﬁ%%%sﬁQﬁzgte

and ot her addit so dependent on the solubility into the isocya

compaynd and, the Bed i Nes hyds poeDs s0fpoyHde b@@@é%&bléh? catal yst, the nold
rel ease agent and other additives may be added to the isocyanate conpound 10

in advance anghgipssol ved therein, may be added to the active hydrogen
conpound and di ssolved therein, or may be added to a m xture of the

i socyanat e congoundnhandptbgentet i Me I Qgen reRRRINdaANhEH 5501 vead tiharsal n.
O, they may be dissolved in a part of the isocyanate conpound or the active

hydr ogen gorepued by ¢seihe 4Be PpePFEr azEBIEEEOHPLELILABN Fad bhewditheal
sol uti on maybe added. The procedure of addition is not restricted to these

exenpl i firggk ¢iet HDdsen BIEh &8 0Pty . sel ect ed dependi ng on the operability,
safety, convenience or the |ike. [0031]

15 Such an optical material is excellent in durability from the
viewpoint of 1little time-dependent variation in color by
irradiation with a light. The color mentioned herein can be
evaluated by a measurement value of the change (hereinafter
referred to as AYI) in yellowness index (hereinafter referred to

20 as YI) measured by a QUV testing machine after, for example,
irradiation with a light for 48 hours. It is preferable that the
AYT value of an optical material is as small as possible from the
viewpoint of excellent durability.

[0027]
25 The refractive index of the optical material mentioned herein

may be adjusted by the kind and the composition ratio of the

isocyanate compound and the active hydrogen compound in the



20M xing is generally perforned at a tenperature of not nore than 30 degrees
centigrade. It is sonetines preferable to enploy a further |ower tenperature
in consideration of the pot |life of theqg xture. Furthernore, when the
solubility of the additives such as a catalyst and a nold rel easi ng agent
into the isocyanate 25 conpound and the active hydrogen conpound is poor,
there may al so be case where the additiyves are dissolved in the isogxanate
conmpound P& g@ﬂﬁ%%hQ%yd?@@%ﬁ“ﬁﬁﬁﬁbuﬁﬁsOQQﬁﬁﬁ m xt afe B heSHiAG: 187Fn
advance. Fur.thernore, depending .on.the requirepent for physical ..

or oper 1 6€ G 1 eQGkraRt B RSt E endotaEgadsT g 1T SACTENT GRAerL058Eum

or fiItratioEStreﬁénenL deer 9res§y{e and vacuum and % tg%llike y. be

preferabfvﬁﬁerfEﬁ iQ%thny gaggs. jﬁbé&ﬁewPoﬁ%%SeaﬁgnFFy, gfﬁ§¥2|n}%c?ion

of 2 M xtding gl e, | spoygnal e conpound and Lhe, active hvdrogen sonpeyad

into a | ens casting no a pol ari is Tixe ens

cast | 59 Whihdmdiealed 40 4, heati . 2ppar 2 s, sugh; ag ancouen gL ynder

wat er accor 0O a predé%ernlne enperat ure progra cur

mol di ng_qver ;sevenal. BQULs %9 ﬁS%ﬁé?%gé%gé fgsé“ﬁﬂgh 1,55 r%%ngEgEUEStOf

pol ymeri zation curing i's not restric cause e condi'trons o ring are

it erenty glepending 8 LRA 25:6ABPOSELEOP.OLy e, Madnhad he dd pdeol chhe

cat al yst, ape o actors, ol'ynerization curing

i's CO”dUQ%%¥é§tf%é‘ﬁH&Efuigfhégs Wty S0, to_20Q.degrees centigrade over 1
to 100 hours. Normally, 1t 1s a conmbn practice to start in the tenperature

[0028]

10 Meanwhile, from another viewpoint, the present invention
provides a method for producing an optical material obtained by
curing the polymerizable composition, for example, a method for
producing an optical material obtained by molding the
aforementioned polymerizable composition using a lens casting mold

15 Dby casting polymerization.

[0029]

When curing and molding a mixture of the isocyanate compound and
the active hydrogen compound, that is, the aforementioned
polymerizable composition for an optical material, a substance may

20 be added in the same manner as in a known molding method as necessary.
Examples of the substance include a catalyst such as dibutyltin
dichloride or the 1like, an ultraviolet absorber such as a
benzotriazole ultraviolet absorber or the 1like, an internal
release agent such as acid phosphate ester or the like, a light

25 stabilizer, an anti-oxidant, a reaction initiator such as a radical

reaction 1initiator or the 1like, a chain extension agent, a

crosslinking agent, an anti-coloring agent, an oil-soluble dye,



20 range of 5 to 40 degrees centigrade, to raise the tenperature gradually
to the range of 80 to 130 degrees centigrade, and to keep at that
tenperature for 1 to 4 hours. After conpletion of curing and nolding, a

pl astic | ens can be obtained by taking out the lens fromthe | ens
casting nold. 25[0033] It is preferable that the plastic | ens obtained
fromthe optical nmaterial of the present enbodinent is subjected to an
anneal i ng¢ 1o kSearit Dyl Hediting the lens after rel easing fromthe nold
for the purpose of relaxation of strain caused by pol ynerization. The
anneal i ng téﬁﬁggﬁture is usually in the range of 80 to 150 degrees

centigrade,“@{eferabl .in the range.of 100 to 130 rees 5 centigra e and
further prefiSbigf | HRet 1 ahgaooR 19D 5 PIGR CBRETRY aderOFHELOn

anneal i ng ti is usually.in the range of, 0.5 to 5 hours,and. preferab in

t he rangg:adcfam“leysttd 4%0’8?1@ [ STh& g st PEY Rk oht aeil%%dtjf‘?%% tecﬁ)e %ﬁtei cal
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t he purpose of” enhancing fashionability o

mixture of the isocyanate compound and the active hydrogen compound
and dissolved therein. Or, they may be dissolved in a part of the
isocyanate compound or the active hydrogen compound in use to
15 prepare a master solution, and then the solution may be added. The
procedure of addition is not restricted to these exemplified
methods, and properly selected depending on the operability,

safety, convenience or the like.

[0031]
20 Mixing is generally performed at a temperature of not more than
30 degrees centigrade. It is sometimes preferable to employ a

further lower temperature in consideration of the pot life of the
mixture. Furthermore, when the solubility of the additives such
as a catalyst and a mold releasing agent into the isocyanate
25 compound and the active hydrogen compound is poor, there may also
be a case where the additives are dissolved in the isocyanate

compound, the active hydrogen compound or their mixture by heating



the lens. Further, a photochrom c dye and a photochrom c pignent, an
anti-static agent or various other additives may be used. 20 Furthernore,
various | eveling agents may be used for iighe purpose of inproving
applicability of coating. [0035] The prinmer layer, in general, is forned
between the lens 5 substrate (the optical material obtained fromthe
polynerlzable coq$05|tion of the present enbodi nent) and the hard coat |ayer
for the enhancing adhesi on of the hard coat Iayer and i nproving

i npact re5|3thggﬁa he p stng | ens Thehthl §e§§ %hefogyergygégggally

about from pﬂ\ 1 e pr| roTayer is f for exa

el ther a O%épcglétett;?dtwS%?edgyle;ag{btm}gtggtlw ihe er@tg rggg?ggttn

enpl oyed, P prinmer | ayer the’ ri on

o coapi . wEkiag ?*ésﬁ?én%@it}t%%%d}y.uﬂg'%rte?ﬁ%g?tgg”ﬁf‘i’d ”%%ﬁuiﬁgna”d
pri meg | qyer 1&%(4% DY Koouh oIryd peo PRLBOR, SHER, 8580 VD, et nod or a

vacuum vapor ep05| mng the prinmer layer, for the purpose
of enhancin S|on, the surface of the lens may be subjected to
pre-treatnment such as an al kaline treatnent a plasma treatnent, an

ul traviol et days 20, ddeaf mentc and; 4 g é‘f eﬁ?y??é% ofschie; §E>l: hate

COI’TpOSItIOI’] any teridls are pre e y use ong as its a I on of

the soli didnReh R 08 chayettIfe H}Rﬂx_lc?d'e% RIS RIEL 1 6EBCa ORtA £ @la SRS hBhd
obtained fromthe polynmerizabl e conposition of the present enbodinent) is

hi gh. Thereugarnbg o dsuadd ) Bfﬂ%?%afi&@&t hang hasedcr88iRNg AN &R NehasEd
resin, a ponester based resin, a nelanin based resin, a primer conposition
havi ng palyw 'Fﬁélaa;ciﬁ‘ltgabp%)%r%tr{fb‘,n SRIPARER aRdrt be bihker Aake@P8ECcording
to a predetermined temperature program for curing and molding over
several hours to several tens of hours.
The temperature of polymerization curing is not restricted
because the conditions of curing are different depending on the
15 composition of the mixture, the kind of the catalyst, the shape
of the mold and other factors, but polymerization curing 1is
conducted at a temperature of about -50 to 200 degrees centigrade
over 1 to 100 hours.
Normally, it is a common practice to start in the temperature
20 range of 5 to 40 degrees centigrade, to raise the temperature
gradually to the range of 80 to 130 degrees centigrade, and to keep
at that temperature for 1 to 4 hours.
After completion of curing and molding, a plastic lens can be
obtained by taking out the lens from the lens casting mold.
25 [0033]
It is preferable that the plastic lens obtained from the optical

material of the present embodiment is subjected to an annealing



21 sol vent which does not affect the I ens nmay be used for the priner
conposition for the purpose of adjusting the viscosity of the conposition or
the like. O course, a solvent may not beg used. [0036] 5A hard coat |ayer is
a coating |layer for the purpose of providing the surface of the lens with
functions such as scratch resistance, abrasion resistance, noisture

resi st ance ot t.er resjistance eat resistance, weather resistance_and
the 11 ke b Cidnb ARt T Rc ey ER S80S PO aRNESt Fonmotae: 5036 At
10The hard coat |ayer .is vusually formnmed hy applying the hard. coating

compost L1 O ERTRREoRh Sohiral MR Tod Wl Sevepr Pt M S £aTtEnathsg

onto the Liens, Ad: ISRSUING (A ,L181 541 G IPLISG. Lhets 680 Be dcerocs

exenplifie r ring, ra fon~cdrrng usingArradration

bearrs sucl s MAGaVT Qhele Laa, Vil bleer s do o theol ke 1y TaLptagea

hard coat r € purpose Of enhancing’ adhesi on, coate

he | ' I | T h
(the 59”%?%’:?;%}{5&@ Shyte! ﬁﬁfcgﬁ%f é)aryeef.re)r y&?n%{% %%u%%r ggilg{cgtbrf%aé %g're%'éc

as an al kal'i reat nen sma treatnent, t ray treatnment

and the l4ke: a5 Nepessary - 2083 e baLd; 603LL09] GOTROSIL | Ahad R © 2 €

general ly used”a m xture of an organosi|icon conp aving turing

properties @and {i (el es of 1 Qxides hhye! uei ngcgouphey axi de fine
particlegf of Eé,éﬁﬁfg%i, Sb, af Ce, Lg, @e, gn, W Zr, Iﬁ, Ti and the like
in nmany casegofArthernore, in addition to the above conponents, 25 there
may al so be used ‘am nes, am no acids, conplex of netal acetyl acetonate,

netal sal ts @fc 0ppagt Ccaghbds REIGNRIRIY CrAGh d8he SIS Qfl REAEIH 041 CofCithe
acids, netal chlorides, polyfunctional 22
10 present embodiment may be used by forming a coating layer on one
side or both sides as necessary. Examples of the coating layer
include a primer layer, a hard coat layer, an anti-reflection layer,
an anti-fog coating layer, an anti-fouling layer, a
water-repellent layer and the like. These coating layers may be
15 used singly, or a plurality of coating layers may be used in
multiple layers. When the coating layers are formed on both sides,
the same coating layer or different coating layers may be formed
on each side.
Known additives may be used to these coating layers together for
20 the improvement in the performance of the lens. Concrete examples
of the additive include an ultraviolet absorber for protecting
lenses and eyes from ultravioclet rays; an infrared ray absorber
for protecting eyes from infrared rays; a light stabilizer or an
anti-oxidant for improving weather resistance of the lens; and a
25 dye and a pigment for the purpose of enhancing fashionability of

the lens. Further, a photochromic dye and a photochromic pigment,

an anti-static agent or various other additives may be used.



epoxy conpounds and the like. A proper solvent which does not affect the

| ens may be used for the hard coating conposition. O course, a solvent nmay
be not be used. [0037] 5An anti-reflectizgn layer is usually formed on the
hard coat |ayer as necessary.As the anti-reflection |ayer, there are

i nor gani c- based and organi c-based | ayers.In case of the inorganic-based

| ayer, t .S g 3l for i t S % apor
doposi t1 o AR Do eion Lo 165 S5 ek Bed L oron Bean Sso Lr au

deposi ti : t | i : usi ng an inorgani c oxide such
as SiOZ,Qgigg&%ﬁﬁ&%éﬁ?%éﬁié%%%ﬁ%gﬁ§§2%%é%$§?%g%ase of the organic-based

| ayer, in g @@g@], the layer is formed by a wet nethod using a conposition
cont ai ni ng an organosilicon conpound and silica-based fine 15 particles

havi ng i nt er i case TFhe ti ci a
9 Tl ﬂ?PLﬁﬁi g]ag%lf}éyegﬁ \%,%eémnenlal,_ apticd&fd echbefebay &hday RE

single layer or a nu t is used as a single layer, It is

pr ef egablg Jdats dhe S raati v ilmeérﬁl t%éﬂﬂéafﬁ%&ﬁ%h@n 5§%ﬁér&§a59$er ,

by at least 0.1 or nore than that of e hard coat layer. Furthernore, 20 in

order to QayelOp @ bl 8hbE0td Ofh { WG L& PG 6hY, h&-JWddPh@yer for

anti-reflection layer is preferable. In that case, usually a low refractive

i ndex | ayefe angdrgobd 9B £r @d%diﬁiggﬁéshaﬁebfar@lél hgrpat@at | eagdat gdg I n
this case, it is also preferable that the difference in the refractive index

of the | awRevield acidae: indexsdayed andchdatl fcthe1bhgh reheachi¥gnkpgdex
| ayer is not less than 0.1. As the high refractive index |ayer, for exanple,

|l ayers ofofZn@e TiBAr Gaddis1RO20p, a5hO2, £ £6R20 . TagPS1andmt he 23 like are

used, while as the low refractive index |ayer, layers of SiQ2 and the like
are uged. Thed idrinidy qkaiess i fusthedd )y féorneehaptie pOo{yoelblennma £6888hgSIn

addition, the plastic lens obtained fromthe optical material of the present
enbodi memnde tiiyd loe subiredned k@ howdr.f aw@epolthehtbgtriant meshatli ¢ st empl 6poad,
tinting process, photochrom c process and the |ike as necessary. Si nce
such a plastiimdreisyeay ike foarreld biyn appidvahnly thieckreser tOmpbsisiovsefinl aas a
| ens for eyegl asses, particularly as the lens for correcting visual acuity.
known coating method such as spin coating or dip coating onto the
lens and then solidifying the resultant. When the drying method
15 1is employed, a primer layer is formed by a known drying method such
as a CVD method or a vacuum vapor deposition method. In forming
the primer layer, for the purpose of enhancing adhesion, the
surface of the lens may be subjected to pre-treatment such as an
alkaline treatment, a plasma treatment, an ultraviolet ray
20 treatment and the like as necessary.

As the primer composition, any materials are preferably used as
long as its adhesion of the solidified primer layer to the lens
substrate (the optical material obtained from the polymerizable
composition of the present embodiment) is high. There can be

26 usually used a urethane based resin, an epoxy based resin, a

polyester based resin, a melanin based resin, a primer composition

having polyvinylacetal as a main component and the like. A proper



EXAMPLES [ 0039] 15Herei nafter, the present invention will be illustrated in
nore detail with reference to Exanpl es. However, the present invention is
not restricted to these Exanpl es. Theiproperty tests of the | ens obtained
by pol ynerization were conducted for its evaluation. Anmong properties of the
obtained 20 |l ens, the refractive index, Abbe's Nunber, heat resistance and

strength were V%nghigcﬁhegﬁ%%zgl%ei 593%8 t@ﬁe(e;g%lllg%%g kgee%sé@%q’d%hg giflglsr

Refractive 1 ndex er e were neasure

degr ees '&éiﬁﬁ%ryskggégg' %%mp%é%“' Jfi %ﬁgﬁﬁ%ﬁﬁ&t QUIRL &f5 s JBNUFACL HT e by

Shi madzu porati on. t resristance: eat “resi stance was Tg neasured

by the T%nﬁﬁfﬂﬂiaéd{ g{/k @%ﬁz@ I ogd 0f,P0:9, azisB:'L{?Qm: nltn?Qf n8tSpAM)cHSi Ng

TMA- 60 nmanufacture u Corporation. Specific gravity: It was
neasured at 2Qfggrees centigrade according to the Archimedi an nethod.
Color: Using a colorineter (CR 200 manufactured by Mnolta Co., Ltd.), the

yel | ogyness indexq(dadt Was Jreasy edaky npr 8RaL L NG At heshirpo b &ffephavh RIng
t hi ckness of 9 nm Vi scosity: The vi'scosity of the nononer m xture was

measur ed Md Byg rBclyBe MhSOUR! OF 8t rélcdeghsesusend 3ad@ch rebigbhnce,
resistance test: A resin plate having a thickness of 2mm was prepared and

i rradi at eh s ith & QM a8dd NondBshi e FO8i 482084 SholOywandrt hepi A¥hnwas
measured fromthe resin color before and after irradiation (Irradiation was

per f or medhdindeate SOV dresd, GrRAIHd O Afs thdd ad anee 19fkeQ. 35hW aBiaRdeas
bl ack panel tenperature of 50 degrees centigrade using UVA-340 as the |ight

sour ce. ) .off QQAD)1 sk ainglesda By 6ooguof ftehyb epetdi Bgogpanat e and 14. 34 g of
hexanet hyl ene

10 The hard coat layer is usually formed by applying the hard
coating composition in a known coating method such as spin coating
or dip coating onto the lens and then curing. As the curing method,
there can be exemplified thermal curing, radiation curing using
irradiation of energy beams such as ultraviolet rays, visible rays

15 or the like. In forming a hard coat layer, for the purpose of
enhancing adhesion, the coated surface (the lens substrate or
primer layer) may be subjected to pre-treatment such as an alkaline
treatment, a plasma treatment, an ultraviolet ray treatment and
the like as necessary.

20 As the hard coating composition, there are generally used a
mixture of an organosilicon compound having curing properties and
fine particles of oxides (including complex oxide fine particles)
of Si, Al, Sn, Sb, Ta, Ce, La, Fe, Zn, W, Zr, In, Ti and the like
in many cases. Furthermore, in addition to the above components,

25 there may also be used amines, amino acids, complex of metal

acetylacetonate, metal salts of organic acid, perchloric acids,

salts of perchloric acid, acids, metal chlorides, polyfunctional



di i socyanate were m xed and di ssolved. 0.0075 g of dinmethyltin dichloride as
a curing catalyst, 0.05 g of Viosorb 583 as an ultraviol et absorber and 0. 05
g of Zelec UN (acid phosphate ester: 20 zyegistered tradenmark, a product of
St epan Conpany) as an internal rel ease agent were further added thereto, and
the contents were m xed and di ssolved at 20 degrees centigrade. After

addea {nerdrs! st PnBaacalEn B JTER i BTS8PV 8RS, Bngiho oBRe e e

added t her e contents were m xed 0 QgIve

uni f o m sg} Lo 4 1 e 501 YT 90 PODNES) LA SO 1, Ol Do ThE, o

Vi scosity © e uniform sol uti on was is untfor ution was

degassed ¥$$$éeg ggiv%%gﬁﬂég £E|BSEegeuﬁE@gda 1 pm 25 Teflon (registered

t rademar k r, and ured rnto a no frame conposed of a gl ass
nold and a t 77his nmold frane was put into an oven, subjected to a
tenperature eva{ion from25 to 120 degrees centigrade slowy, and

pol ymgri zed zirQran%QQ‘Hef%c*%‘l‘érnsla%ef‘fitse{lsﬁgﬁlgﬁfdé/fr%?cﬁe ggg%@%‘ﬁ‘é@%l cogphetrg,

the nold frane was taken out fro he oven, erefromto obtain

a resin. Jhe gbLaioedy! esinawas di thar: anneal ed b, 1204 degr cegneeal i grade

for 4 hours. For the Obtained resin, the refractive index (ne) was

the Abbe’ s, {c 8BS 28, JhpdiRal J&s) stignce-was 113 10, 6e9res the
centigrade, the Yl value was 10.9, and the resin specific gravity was 1. 35.

Furt her mof @, rfh i Ofp i beq 0Pl gk pedeesidyd N theyd A1 I @St She & @stianp- 1.
[0041] Exanple 2 1530.68 g of tolylene diisocyanate and 15.95 g of
hexamet hyh&€od such as vacuum vapor deposition, sputtering method, ion
10 plating method, ion beam assisted deposition method, CVD method
and the like, by using an inorganic oxide such as Si0O,, TiO; and
the like in many cases. In case of the organic-based layer, in
general, the layer is formed by a wet method using a composition
containing an organosilicon compound and silica-based fine
15 particles having internal pores in many cases.

The anti-reflection layer may be a single layer or a multiple
layer. When it is used as a single layer, it is preferable that
the refractive index of the anti-reflection layer is lower by at
least 0.1 or more than that of the hard coat layer. Furthermore,

20 in order to develop anti-reflection function effectively, a
multiple anti-reflection layer is preferable. In that case,
usually a low refractive index layer and a high refractive index
layer are alternately laminated. In this case, it 1is also
preferable that the difference in the refractive index of the low

25 refractive index layer and that of the high refractive index layer

is not less than 0.1. As the high refractive index layer, for

example, layers of ZnO, TiO,, Ce0;, Sby0s, SnO,;, Zr0,, Ta;0s and the



di i socyanate were m xed and dissolved. 0.005 g of dinethyltin dichloride as
a curing catalyst, 0.05 g of Viosorb 583 as an ultraviol et absorber and 0. 05
g of Zelec UN (acid phosphate ester: regjstered trademark, a product of

St epan Conpany) as an internal 20 rel ease agent were further added thereto,
and the contents were m xed and di ssolved at 20 degrees centigrade. After

di | uti 53.37 of .4,8-.,. 4, 7- . 7-di t thyl-1
L mor cobk S St i o 60 L W ERRGE S Ror Bie LAe T ne AU B

were m xed.and_di ssol.ved to give, 25 a i.formsolution (in _the solution
(Noorncs 7+ &ritery P8 G &8s o ”Or e g LY ERRES it ieneadiE Pl €18t
nPa. s. Thgé Egi;§5n1§olution was degassed at 600 Pa for 1 hour, filtered
using a 17jim eflfon (registered trademark) filter, and then poured into
a nold frane[gggg sed of a glass nold and a tape. This nold frane was put
into an oven, SU Fected to a tenperature elevation from25 to 120 degrees

cent | g ade s ouloy ad, POLYTeT | Zed. hal, ABOVL; A4ANOTS 18 ALLPEL N cersal

pol yneri zati on was congl € frame was en ou romthe oven

and rel eased. (her el oM (4,008 AN A 4851 e SOLAL ned §88i 1 3gs, LNy,

anneal ed a egrees centigrade ours resin,”the
refractive. ind ne) 9, : ' : d
et ot ance” v 136 0 HogrEelt e AR Fre i R U RS R O e
resin spegpfi¢;grayktyowags3,36. Furthernore, AYl of the obtained resin in
the light resistance test was™5.4. [0042] Exanple 3 1516.50 g of tolylene

di i socyanat esaRde 29.80 8 Ofadexameihylene Wl i soGyanate 1ene M xad AiMbss,
di ssolved. 0.05 g of dinethyltin dichloride as a curing catalyst, 0.05 g of

Viosofp 588 as aBedlLilir ayi gl ebnabserbercandsQel0 $a0fti281186- 1IN {AGIHE lens
phosphate ester: registered trademark, a product of Stepan npany) as an

internal 20rrebeasetaggniyivaee Huntiher added thereto, and the contents were
m xed and di ssol ved at 20 degrees centigrade. After dissolution, 54.00 g of
a mxture containing 1,1, 3, 3-tetraki s(nercapt onet hyl t hi o) pr opaneand
4, 6-bi s(mercaptonmet hyl thio)-1, 3-dithi ane was added thereto, and 25 the
contents mereprnExed and dissolved to give a uniformsolution (in the
solution, (NCOtNCS)/(SH+COH) = 1.0/1.0). The viscosity of the uniform
solution was{@&38Pa.s. This uniformsolution was 27 degassed at 600 Pa for
1 hour, filtered using a 1 pm Teflon (registered trademark) filter, and then
pour elb i nt o Beroidaftane clospasetkrof imvgresisomwelid labd aliaperafadsimodale
frame was put into an oven, subjected to a tenperature elevation from25 to
120 degredstail with reference to Examples. However, the present invention
is not restricted to these Examples.
The property tests of the lens obtained by polymerization were
conducted for its evaluation. Among properties of the obtained
20 lens, the refractive index, Abbe’s Number, heat resistance and
strength were evaluated according to the following test methods.
Refractive index (ne) and Abbe’s number (ve): These were
measured at 20 degrees centigrade using KPR-30, a Pulfrich
refractometer, manufactured by Shimadzu Corporation.
25 Heat resistance: The heat resistance was Tg measured by the TMA

penetration method (a load of 50 g, a pinpoint of 0.5 mm®) using

TMA-60 manufactured by Shimadzu Corporation.



5 centigrade slowy, and polynerized for about 24 hours. After the

pol yneri zati on was conpleted, the nold frame was taken out fromthe
oven, and rel eased therefromto obtain a resin. The obtained resin

was further anneal ed at 120 degrees centigrade for 4 hours. For the
obtained resin, the refractive index (néf was 1.671, the 10 Abbe's
Nunber (ye) was 29, the heat resistance was 104 degrees centigrade,

the Yl value was 5.5, and the resin specific gravity was 1. 36.

Furt her nore, $dcidfia heratittai:neld resd neasuded |aighf0r degseanceehbsgrade
was 4.5. [0043] 15Conparative Example 1 40. 56 g of

4, 4' - di phemgomtivand oditihsodyahamedasn MAft88l.g of hexanet hyl ene
dllsocyanate were m xed and di ssolved. 0.0075 g of dinethyltin

di chl ori de afcdazur Vagnga apyerimetas (§RoEIYinmysrinctagedsbypinolta Co.,
ultravi ol et absorber and 0.05 g of Zelec UN (acid phosphate 20 ester:
regi ster edL‘%CF ddeﬁﬁ?kye%l%rlﬁﬁ?cf-n%xﬁ@daﬁam LEY R IRAEHRP Tesin
rel eas nt re.furth gded th and the contents were m xed
and di I | af@“&é&rgééc BRET of gdi’miﬁter di ssol uti on, 44. 76gof

4- nercaptone%h%co“ég dlﬁgrcaanﬁp +§hg%fn@%%%%@sﬁggfgrgSWLQeﬁ%g§hred

and the conte ive a uni form sol

(10 the Sqiifd ahs @g@@%&é&&gﬁﬂmé &gglre% cLhesyl-agesity of the

uni form sol uti on wa s uniform 28 solution was degassed
at 600 Pa forjLnhopssi ftdded edsusi A ih pMuieflandy aotviesks of 2 mm
trademark) filter, and then poured into a nold frane conposed of a

gl ass nol dva%nﬁr@p&manahiﬁrdﬂﬁa&efd’@ﬁmg\/@SQWteBﬁiﬂgmah\i&& for 48 hours,
subjected to a tenperature elevation from25 to 5 120 degrees

centi goadearsl drvley, Adflidwpsl yeesuzetl fom dheutre24nhooiler Peferetdmmd after
pol yneri zation was conpleted, the nold frame was taken out fromthe
oven, and irgladdesdonhéfefadimticromesi peafpened. unes: &Vatagl ¢@3d1rtlons
was further anneal ed at 120 de%rees gentigrade for 4 hours. For th

obt ai ned rdsPh, 1%@@@#@%@ Pe 3PnléR” @né) 2nwasaql PPY@Mtef“%rﬁBBEEsOf 50

Nunber (ve) was 26, the h re5| c% was 3 8 ges centlprade
the Yl val gr\ﬁé‘ré §°p! 1%?1 ‘?h‘é“r% p3ec0 % é‘ i b WagHic%3/

Furt her nore, f the obtained resin in the light resistance test
was 24. 9. [062 TSCanarative Exanpl e 2 36.24 g of

4, 4" - quhenyhggﬁ apeydii socyanate and 16.24 g of hexanethyl ene
dllsocyanate were m xed and di ssolved. 0.005 g of dinethyltin

di chl ori de agqagsugihg Al |éﬁ%tdl@SQéFQnQ{e\éﬁﬁﬂmﬂb358é 88 ®kamethylene
ultravi ol et absorber and 0.05 g of Zelec UN (acid phosphate 20 ester:

regi st er editicadeanake acps Qdméd andSleEipaw 1Gedpany) 0a3sag oAt@imedhyltin
rel ease agent were further added thereto, and the contents were m xed
and di ssoldietilati2® degreeesurciony i cptaederstAf ter05 g of Viosorb 583 as an
di ssol ution, 47. 52gof 4, 8-, 4, 7-or
ultraviolet absorber and 0.05 g of Zelec UN (acid phosphate ester:
20 registered trademark, a product of Stepan Company) as an internal
release agent were further added thereto, and the contents were
mixed and dissolved at 20 degrees centigrade. After dissolution,
51.01 g of 4-mercaptomethyl-1,8-dimercapto-3, 6-dithiaoctane was
added thereto, and the contents were mixed and dissolved to give
25 a uniform solution {(in the solution, (NCO+NCS)/(SH+OH} =1.0/1.0).

The viscosity of the uniform solution was 13 mPa*s. This uniform

solution was degassed at 600 Pa for 1 hour, filtered using a 1 um



5, 7-dimercaptonethyl-1, 11-dinercapto-3, 6, 9-trithiaundecane was 25 added
thereto, and the contents were m xed and di ssolved to give a uniform
solution (in the solution, (NCO+tNCS)/(SH+OH) = 1.0/1.0). The viscosity of
the uniformsolution was 33 nPa.s. This pniform 29 solution was degassed at
600 Pa for 1 hour, filtered using a 1 pm Teflon (regi stered trademark)
filter, and then poured into a nold franme conposed of a glass nold and a

Lf;‘ES'at onte Fof2 r;%"%f%t“%%g der e @r?ﬁ%%%é“éﬁr%?%néﬁafﬁ%ﬁy”ﬁar?tzaﬁéneqloor
24 Al
Faken out |FFbm CREPUSH, C4n FUrEs<Ld Enal e 7 %??@eéﬁﬂmt eo?’t"i et

obt ai ned resin was further A nealed t 12

For the oBt |Hgajre3|n né réfraéilve I'n g%mp ﬁ% amégngﬁg %%% %%bé?s
Nurrber (Vf%O \g?s%rzegeﬁ e%tl q:tad’eegh%%&g/ceal\{\gsq 1?)&@@1:6%%§% %)Rgtagf’hc;tﬂ"% .Ylof

val ue was n Speci gravi er nor e,

the obfal pede fes) o npr;@lgrreerigg@%%reﬁé%s ?&ﬁ@‘}é@é& Ve, 23,1y 100481, ey

15Conpar at 1 ve” Exa ene di i socyanate and

hexamet hyl epee dih sagyanate r@&le@ dlt%ﬁb dn 9. 00459 e
G 3I6E §Pob U

dinmethyltin oride as a curlng cat osorb as an

ul travi ol %té‘? Q&bfisfﬁ'%é)s é&Q;Crt%hgeffr é%'n%%llégo%"échg p@&éP@é‘é ek & > for

registere enar a produ t epan Conpany) as”an I nterna re ease

agent wer fugiber agdedythgretonoandobhe contents uena vi Xehdnd ljsselyed

at 20 degrees centigrade. After |sso ution, 42. 51g
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25 the contents were mixed and dissolved to give a uniform solution

(in the solution, (NCO+NCS)/(SH+0OH) = 1.0/1.0). The viscosity of

the uniform solution was 25 mPa‘s. This uniform solution was
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obtained. 34 [0050] [Table 1]
15 Comparative Example 1
40.56 g of 4,4'-diphenylmethane diisocyanate and 14.68 g of
hexamethylene diisocyanate were mixed and dissolved. 0.0075 g of
dimethyltin dichloride as a curing catalyst, 0.05 g of Viosorb 583
as an ultraviolet absorber and 0.05 g of Zelec UN (acid phosphate
20 ester: registered trademark, a product of Stepan Company) as an
internal release agent were further added thereto, and the contents
were mixed and dissolved at 20 degrees centigrade. After
dissolution, 44.76 g of
4-mercaptomethyl-1,8-dimercapto-3, 6-dithiaoctane was added
25 thereto, and the contents were mixed and dissolved to give a uniform

solution (in the solution, (NCO+NCS)/(SH+OH) = 1.0/1.0). The

viscosity of the uniform solution was 23 mPa:s. This uniform



Viscosity of m xed nononer[nPa.s] Refractive |Index[ne] Abbe's Nunber [ye]
Exanple 1 13 1.668 28 Exanple 2 21 1.669 29 Exanple 3 25 1.671 29
Conparative 28

10

15

20

25

solution was degassed at 600 Pa for 1 hour, filtered using a 1 um
Teflon (registered trademark) filter, and then poured into a mold
frame composed of a glass mold and a tape. This mold frame was
put into an oven, subjected to a temperature elevation from 25 to
120 degrees centigrade slowly, and polymerized for about 24 hours.
After the polymerization was completed, the mold frame was taken
out from the oven, and released therefrom to obtain a resin. The
obtained resin was further annealed at 120 degrees centigrade for
4 hours. For the obtained resin, the refractive index (ne) was
1.674, the Abbe’s Number (ve) was 26, the heat resistance was 112
degrees centigrade, the YI value was 9.0, and the resin specific
gravity was 1.33. Furthermore, AYI of the obtained resin in the
light resistance test was 24.9.

[0044]

Comparative Example 2

36.24 g of 4,4'-diphenylmethane diisocyanate and 16.24 g of
hexamethylene diisocyanate were mixed and dissolved. 0.005 g of
dimethyltin dichloride as a curing catalyst, 0.05 g of Viosorb 583
as an ultraviolet absorber and 0.05 g of Zelec UN (acid phosphate
ester: registered trademark, a product of Stepan Company) as an
internal release agent were further added thereto, and the contents
were mixed and dissolved at 20 degrees centigrade. After
dissolution, 47.52 g of 4,8-, 4,7- or
5, 7-dimercaptomethyl-1,ll1-dimercapto-3,6,9-trithiaundecane was
added thereto, and the contents were mixed and dissolved to give
a uniform solution (in the solution, (NCO+NCS)/(SH+OH) =1.0/1.0}).

The viscosity of the uniform solution was 33 mPars. This uniform



Exanple 1 23 1.674 26 Conparative Exanple 2 33 1.674 27 Conparative Exanple
3 43 1.651 28 Conparative Exanple 4 126 1.647 29

29

solution was degassed at 600 Pa for 1 hour, filtered using a 1 um
Teflon (registered trademark) filter, and then poured into a mold
frame composed of a glass mold and a tape. This mold frame was
put into an oven, subjected to a temperature elevation from 25 to
5 120 degrees centigrade slowly, and polymerized for about 24 hours.
After the polymerization was completed, the mold frame was taken
out from the oven, and released therefrom to obtain a resin. The
obtained resin was further annealed at 120 degrees centigrade for
4 hours. For the obtained resin, the refractive index (ne) was
10 1.674, the Abbe’s Number (ve) was 27, the heat resistance was 125
degrees centigrade, the YI value was 7.3, and the resin specific
gravity was 1.33. Furthermore, AYI of the obtained resin in the
light resistance test was 23.1.
[0045]
15 Comparative Example 3
34.64 g of tolylene diisocyanate and 22.85 g of hexamethylene
diisocyanate trimer were mixed and dissolved. 0.0075 g of
dimethyltin dichloride as a curing catalyst, 0.05 g of Viosorb 583
as an ultraviolet absorber and 0.20 g of Zelec UN (acid phosphate
20 ester: registered trademark, a product of Stepan Company) as an

internal release agent were further added thereto, and the contents

were mixed and dissolved at 20 degrees centigrade. After
dissolution, 42 .51 g of
4-mercaptomethyl-1,8-dimercapto-3, 6-dithiaoctane was added

25 thereto, and the contents were mixed and dissolved to give a uniform
solution (in the solution, (NCO+NCS)/(SH+OH) = 1.0/1.0). The

viscosity of the uniform solution was 43 mPa*s. This uniform
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solution was degassed at 600 Pa for 1 hour, filtered using a 1 pm
Teflon (registered trademark) filter, and then poured into a mold
frame composed of a glass mold and a tape. This mold frame was
put into an oven, subjected to a temperature elevation from 25 to
5 120 degrees centigrade slowly, and polymerized for about 24 hours.
After the polymerization was completed, the mold frame was taken
out from the oven, and released therefrom to obtain a resin. The
obtained resin was further annealed at 120 degrees centigrade for
4 hours. For the obtained resin, the refractive index (ne) was
10 1.651, the Abbe’s Number (ve) was 28, the heat resistance was 124
degrees centigrade, the YI value was 5.8, and the resin specific
gravity was 1.34. Furthermore, AYI of the obtained resin in the
light resistance test was 10.8.
[0046]
15 Comparative Example 4
31.18 g of tolylene diisocyanate and 25.31 g of hexamethylene
diisocyanate trimer were mixed and dissolved. 0.005 g of
dimethyltin dichloride as a curing catalyst, 0.05 g of Viosorb 583
as an ultraviolet absorber and 0.20 g of Zelec UN (acid phosphate
20 ester: registered trademark, a product of Stepan Company) as an
internal release agent were further added thereto, and the contents
were mixed and dissolved at 20 degrees centigrade. After
dissolution, 43.51 g of 4,8-, 4,7- or
5,7-dimercaptomethyl-1, 11-dimercapto-3,6, 9-trithiaundecane was
25 added thereto, and the contents were mixed and dissolved to give
a uniform solution (in the solution, (NCO+NCS)/(SH+OH) =1.0/1.0).

The viscosity of the uniform solution was 126 mPa*s. This uniform
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solution was degassed at 600 Pa for 1 hour, filtered using a 1 um
Teflon (registered trademark) filter, and then poured into a mold
frame composed of a glass mold and a tape. This mold frame was
put into an oven, subjected to a temperature elevation from 25 to
120 degrees centigrade slowly, and polymerized for about 24 hours.
After the polymerization was completed, the mold frame was taken
out from the oven, and released therefrom to obtain a resin. The
obtained resin was further annealed at 120 degrees centigrade for
4 hours. For the obtained resin, the refractive index (ne) was
1.647, the Abbe’s Number (ve) was 29, the heat resistance was 135
degrees centigrade, the YI value was 5.6, and the resin specific
gravity was 1.34. Furthermore, AYI of the obtained resin in the
light resistance test was 13.3.

[0047]

Comparative Example 5

0.005 g of dimethyltin dichloride as a curing catalyst, 0.05 g
of Viosorb 583 as an ultraviolet absorber and 0.05 g of Zelec UN
(acid phosphate ester: registered trademark, a product of Stepan
Company) as an internal release agent were added to 44.45 g of
tolylene diisocyanate, and the contents were mixed and dissolved
at 20 degrees centigrade. After dissolution, 22.91 g of
pentaerythritol tetrakismercaptopropionate and 32.64 g of 4,8-,
4,7- or
5, 7-dimercaptomethyl-1,11-dimercapto-3,6,9-trithiaundecane were
added thereto, and the contents were mixed and dissolved to give
a uniform solution (in the solution, (NCO+NCS)/(SH+OH) =1.0/1.0).

The viscosity of the uniform solution was 40 mPa*s. This uniform



Conparative Exanple 2 125 7.3 1.33 23.1 Conparative Exanple 3 124 5.8 1.34
10. 8 Conparative Exanple 4 135 5.6 1.34 13.3 Conparative
32

solution was degassed at 600 Pa for 1 hour, filtered using a 1 um
Teflon (registered trademark) filter, and then poured into a mold
frame composed of a glass mold and a tape. This mold frame was
put into an oven, subjected to a temperature elevation from 25 to

5 120 degrees centigrade slowly, and polymerized for about 24 hours.
After the polymerization was completed, the mold frame was taken
out from the oven, and released therefrom to obtain a resin. The
obtained resin was further annealed at 120 degrees centigrade for
4 hours. For the obtained resin, the refractive index (ne) was

10 1.659, the Abbe’s Number (ve) was 27, the heat resistance was 138
degrees centigrade, the YI value was 11.0, and the resin specific
gravity was 1.38. Furthermore, AYI of the obtained resin in the
light resistance test was 8.9.

[00438]

15 The above resulits are shown in Table 1. The viscosity of the
mixed monomer in the Table 1is an index indicating handling
properties upon mixing. In Examples 1 to 3, and Comparative
Examples 1 and 2, the viscosities of the mixed monomers were low,
thus exhibiting excellent handling properties. In particular, in

20 Examples 1 to 3, color shifts (AYI) before and after light
resistance test in the 1ight resistance test were small in the Table,
exhibiting excellent light resistance as well. 1In Comparative
Examples 1 and 2, handling properties were excellent and initial
colors were not much deteriorated either so that such monomers were

256 practically useful. However, 1t was not sufficient for the
requirement of 1light resistance. Tolylene diisocyanate and

4,4"'-diphenylmethane diisocyanate with common structure as the



Exanple 5 138 11.0 1.38 8.9 35 CLAIMS 1. A polynerizable conposition for
an optical material conprising tolylene diisocyanate,
hexanet hyl enedi i socyanate, and one or nogg pol ythiol conpounds selected from
the group 5 consisting of 4-nercaptonethyl-1, 8-di mercapto-3, 6-dithiaoctane,
4,8-, 4,7- or 5,7-dinmercaptonethyl-1,11-dinmercapto-3,6,9-trithiaundecane,
pentaerythritol tetrakisnercaptopacetat nt.a thritol. 10, , .
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pol yi socyanat e conpound, an "alicyclic pol yI'socyanat e conpound, an

aromatg ¢ pol yj anate conpound and an heterocyclic polyi socyanate conpound
G gbé%i(

as ot her isocyanate conmpound ot her than tolylene diisocyanate and

ggr;‘gﬁ !‘g;g[‘gndiﬂﬁé)%%%&e-h§§d?’- Al orLLgal- LS T BkafiBh BLNed Ry, cyring,dhe
viscosities of the mixed monomers were high so that there was a
problem in handling properties, and in Comparative Examples 3 and
4, color shifts (AYI) before and after light resistance test were
10 high so that there was also a problem in light resistance. 1In
particular, the system using tolylene diisocyanate and
hexamethylene diisocyanate trimer used in Comparative Examples 3
and 4 corresponds to the system described in Example 4 of Patent
Document 2 (Chinese Patent Laid-open No. 1405198). When a compounc

15 obtained by trimerizing hexamethylene diisocyanate was used for

a raw material, the desired effects were not obtained.
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2. 5. The method for producing an optkggal material as set forth in Caim
4, in which said polynerizable conposition for an 35 optical material is

formed by casting polynerization.

[0050]
[Table 1]
Viscosity of mixed Refractive Abbe’s Number
monomer [mPa-‘s] Index [ne] [ve]
Example 1 13 1.668 28
Example 2 21 1.669 29
Example 3 25 1.671 29
Comparative 53 1 674 26
Example 1
Comparative
Example 2 33 1.674 27
Comparative
Examplo 3 43 1.651 28
Comparative 126 1.647 29
Example 4
Comparative
Example 5 40 1.659 27
geat Color Specific Plght
Resistance [YI] Gravit Resistance
[°cj Y [AYI]
| Example 1 113 10.9 1.35 5.1
Example 2 125 10.5 1.36 5.4
Example 3 104 5.5 1.36 4.5
Comparative 112 9.0 1.33 24.9
Example 1
Comparative 125 7.3 1.33 23.1
Example 2
Comparative 124 5.8 1.34 10.8
Example 3
Comparative 135 5.6 1.34 13.3
Example 4
Comparative 138 11.0 1.38 8.9
Example 5
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CLAIMS

1. A polymerizable composition for an optical material
comprising tolylene diisocyanate, hexamethylene diisocyanate,
and one or more polythiol compounds selected from the group
consisting of
4-mercaptomethyl-1,8-dimercapto-3,6-dithiaocctane, 4,8-,
4,7- or
5,7-dimercaptomethyl-1,1ll-dimercapto-3,6,9-trithiaundecane,
pentaerythritol tetrakismercaptoacetate, pentaerythritol
tetrakismercaptopropionate,
2,5-bis{mercaptomethyl)-1,4-dithiane,

bis (mercaptcocethyl)sulfide,
1,1,3,3~tetrakis{mercaptomethylthic)propane,
4,6-bis{mercaptomethylthio)-1,3-dithiane and

2-(2,2-bis (mercaptomethylthio)ethyl})-1,3-dithletane.

2. The polymerizable composition for an optical material
as set forth in Claim 1, further comprising at least one
selected froma group consisting of analiphatic polyisocyanate
compound, an alicyclic polyisocyanate compound, an aromatic
polyisocyanate compound and an heterocyclic polyisccyanate
compound as other isocyanate compound other than tolylene

diisocyanate and hexamethylene diisocyanate.

3. An optical material obtained by cuxring the polymerizable
composition for an optical material as set forth in Claim 1

or 2.

4, A method for procducing an optical material obtained by
curing the polymerizable composition for an optical material

as set forth in Claim 1 or 2.

5. The method for producing an optical material as set forth
in Claim 4, in which said polymerizable composition for an

optical material is formed by casting polymerization.





