1 SPECI FI CATI ON POLYMERI ZABLE COWVPCSI 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
optical material. Particularly, the invention relates to a 10 polynerizable
conposition for an optical material containing a specific polyisocyanate
conpound and a specific polythiol conpound. |In addition, the invention
relates to an optical nmaterial obtained fromthe polynerizable conposition
for an optical material and a net ot aepci ng the optical material. 15
BACKGROUND ART [0002] Fromthe pgg? I%&S% stic material has been used as
an alternative to an inorganic nmaterial for the application to an optical

20 conponent. Since such a plastic material can be tinted, and is

l'i ght wei gbbLﬁnﬁRﬁ%ﬁtﬁ @bﬂb@@lﬁoﬁoﬁ@ﬁr@ﬁi@AﬁWAT’@E‘iE@ﬂ' CoPRE @1, MaT N
has been used, the plastic material has been suitably used. In particular,

as an optical conpongRb FEeEAOAS FaRl SRS DOICTNGE JiTK@ AL dMAmsiAe materi al
having a high refractive index has been required. 25 As such a plastic

mat eripgal having a high refractive index, there has been proposed a
sul f ur - cont ai ni ng ur et hane (thiourethane) based resin as described, for

exanpl e, tpcRateat. Pogupents 1 and 2
[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



2. Patent Docunent 1: Japanese Patent Laid-open No. 1990-270859 Patent
Docunent 2: Chinese Patent Laid-open No. 1405198 5 DI SCLOSURE OF THE

| NVENTI ON [ 0003] By the way, in conventi,onal techniques, an aromatic

t hi our et hane based resin whose practlcaﬁ application was difficult fromthe
vi ewpoi nt of color has al so been used in practice by the devel opnent 10 of
an additive such as a bluing agent or the like, even though it has a high
refracti ve-index. On the other hand, in late years, use of a plastic

mat eri al has_been denmanded al so_for the optical _ conponent in_th

appl i cati onsPakere HPGRIELF abi | J@Qail%S?eaarre@H LaAﬁloﬁ@egluéh p|1a959t0. 270853
mat eri al s, there has been required a material 15 having optical praoperties,
partlcularly %t%@%p%???m%?tl?ft@Eln?ﬁﬁepaéﬁéhdéﬁﬂdvgpﬁgtN@n it 023196 , t hat
is, high light resistance. [0004] On the other hand, nost of plastlc
naterials havi ng a high refractive index are highly viscous, which is
|nsuff|C|en% for the applicatigon to an optical conponent requiring high
handllng %¥ %%6%?%@ OgoTﬁﬁa NyﬁﬁFSQEnent of handling properties has al so
been reqU|reg %g 05] The present inventors have found that there is
obtained a 2%° erial having a high refractive index and high |ight

resi st ance, t hout |ncreaS|ng ghe viscosity fromthe V|em§0|nt of ndIing
broper 16’ Y SRR Boryt Conyankt a1t Besr ehecF Pt
compound gggeg %ggghfh Og%l tmé@lcéTngggilcgklon was difficult from the

viewpoint of color has also been used in practice by the development
10 of an additive such as a bluing agent or the like, even though it
has a high refractive 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



conmbi nation. Thus, the present invention has been conpleted. [0006] That
is, the present invention is specified by matters described 5 in below (1)
A pol yneri zabl e conposition for an optical nmaterial containing tolylene

di i socyanat e, hexanet hyl ene diisocyanate? and one or nore polythiol
conpounds sel ected fromthe group consisting of

4- mer capt onet hyl - 1, 8-di ner capt o- 3, 6-di t hi aoctane, 4,8-, 4,7 10 or

5, 7- di mer captpard byl - dolipednder eagt 0a3, 6pBetifiithi poidetdnd, coemtcaerdyt hmi t ol
t etraki snercapt oacetate, pentaerythritol tetraki snercaptopropionate,

2, 5- bi s( necmlamaneohy| ) Thud, dihbi pnesebisineecapboehhyl psenf icdapleted.

1,1, 3, 3-tetraki s(nmercapt onet hyl t hi o) propane, 15

4, 6-bi s(nmer cBp@®Et hyl t hi 0) - 1, 3-di t hi ane and
2-(2,2-bis(mercaptonethylthio)ethyl)-1,3-dithietane; (2) An optica

mat eri al obtBlhated shyt ke mrasdriie ipyentecinzad |spe aidnmes by i ront f @r s aie soptibeal
material as set forth in (1); (3) A nethod for producing an optical materi al
obt ai ed by eakdéwny 20 the pol yneri zabl e conposition for an optical materi al
as set forth in (1) or (2); and (4) The nmethod for producing an opti cal
materi al as et for PRlyimeripblien aphiphsikéoaf ofernemh oot vty niaitgdlilad
conposition for an optical material is fornmed by casting polynerization. 25
[ 0007] Aceortdi hgln® toHey Ismes dat spavyaneiten, héxanethpsenpl @l 1o @yang de, agd

pol yneri zabl e conposition for an optical material having a high 4
refracti v@e RdeROTRi BPLYEiyhe 1 redipeuite sed¢dtisgh fnaRdtagroup consisting

of 4-mercaptomethyl-1,8-dimercapto-3,6-dithiaoctane, 4,8-, 4,7~
10 or 5,7-dimercaptomethyl-1,1ll-dimercapto-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



properties, and an optical material obtained fromthe polynerizable
conposition. 5 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [0008] Hereinafter,
enbodi ments of the present invention will be described. The pol ynerizable
conposition for an optical material of the 10 present enbodi nent contai ns
tol yl ene diisocyanate, hexanethylene diisocyanate, and one or nore
pol yt hi ol conpounds sel ected from the group consisting of

4- mer capt oaet syt ide 8-thdeex captiost8, G-iditthi amctiantenak 8-andl, hrighr handling

5, 7-di mercapt onet hyl -1, 11-di nmercapt o- 3, 6, 9-tri t hi aundecane, 15

pent aerytpwropeortiesra kinsherzapt oaptetatle, pemtaeayt hottelined from the

t et raki sner capt opr opi onate, 2,5-bis(nmercaptonethyl)-1,4-dithiane,

bi s( mer capt bptdwl 3zl ¢ i dempodittiGn3-tetraki s(nercapt onet hyl t hi o) pr opane,

4, 6- bi s(nmercaptonmet hyl thio)-1, 3-dithiane and 20
2-(2,2-bis(mercaptonethylthio)ethyl)-1,3-dithietane. [0009] Furthernore, in
addition to tolylene diisocyanate and hexanethyl ene diisocyanate, other

i socya@natBEZDrifeindsORByARREBNG h@UTsEdEasNVBENT6@WS. Exanpl es t hereof include
al i phatic 25 £0I%isocyanate conpounds such as 2, 2,4-trimet hyl hexanmet hyl ene
dii socyanat el0®0&l 4-tri met hyl hexamet hyl ene diisocyanate, |ysine

di i socyanat onet hyl ester, gésine triisocyanate, mxylylene 5 diisocyanate,
a, a, a,a' -tdemmaaitayl yeapeddiesscyapht #he present invention will be
bis(isocyanatonetgyl)naphthalene, mesitylylene triisocyanate,

described.
The polymerizable composition for an optical material of the
10 present embodiment contains tolylene diisocyanate, hexamethylene
diisocyanate, and one or more polythiol compounds selected from
the group 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, in 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



bi s(i socyanat onet hyl )sul fi de, bis(isocyanatoethyl)sulfide,

bi s(i socyanat onet hyl ) di sul fi de, bis(isocyanatoethyl)disulfide, 5

bi s(i socyanat onet hyl t hi o) net hane, bi s(i socyanat oet hyl t hi o) met hane,

bi s(i socyanat oet hyl t hi 0) et hane, bis(iso%yanatonethylthio)ethane and the

| i ke; alicyclic polyisocyanate conpounds such as isophorone diisocyanate,
bi s(i socyanat onet hyl ) cycl ohexane, 10 di cycl ohexyl net hane dii socyanate,
cycl ohexahd stidysosyanat e, avet hyl cy'ct tohexanet iy 1 sptybea¢ e, diisocyanate,
di cycl ohexyl di met hyl net hane i socyanate,

2, 5- bi s( itsicclyismtatymrettopdthi cyolapith @l dije heptanet ylylene triisocyanate,
2, 6-bi s(i socyanat onet hyl ) bi cycl o-[ 2. 2. 1] - hept ane,

3, 8- bi s( iksiccyimvatymrettondttiry ldysl odebane, 15 bis(isocyanatoethyl)sulfide,
3, 9-bi s(i socyanat onet hyl )tri cycl odecane,

4, 8- bi s( isiecyimratymmettiopgtthryloydl deltiade, bis (isocyanatoethyl)disulfide,
4,9-bi s(isocyanatonethyl)tricycl odecane and the |ike; aromatic

pol yi Boc ydralties csygyairmde tducht i Myett hatiphenyl net hane di i socyanat e

di phenyl sul fi de-4, 4-diisocyanate and the like;, and 20 heterocyclic

pol yi soc yrdtie asumpairndst hstldh o) e thati¢ s deyahbs ot pphepehylthio) ethane,
2, 5-bi s(i socyanat omet hyl ) t hi ophene, 2, 5-dii socyanat ot etrahydrot hi ophene,
2, 5- bi s( isedy@rayaratpugttetitdmarotivphrpe, the like;

3, 4- bi s(i socyanat onet hyl )t et r ahydr ot hi ophene, 25 _

2, 5- di i socyardcyclig di ol gheocPanabes(icsmpBpaisonesAgh) - B4- difaPAAEONe
4,5-diisocyanato-|,3-dithiolane, 6 4,5-bis(isocyanatonethyl)-1,3-dithiolane
and the IGIKEOB@ not restricted tlF heseC¥RMpPNet YL LeNpboRE32RPone.

10 dicyclohexylmethane diisocyanate, cyclohexane 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,



[0010] Furthernore, exanples of the isocyanate conmpound include 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 restricted
to these conpounds. [0011] Exanples of such an isothiocyanate conpound

i nclude aliphatic 10 polyi sothiocyanate conpounds such as hexanet hyl ene

di i sot hi ocyanate, |ysine diisothiocyanatonethyl ester, |ysine

trii sot hitedydniat(éd sonyaylatoaed hdili)sdt, i otiyidniatlgane and the like, but are

bi s(i sot hi ocyanat onet hyl )sul fi de, bis(isothiocyanatoethyl)sulfide, 15

bi s(i sot hicgcyendrdetied i diefsedexampliife 4d kecnrourge| 3 Eopd! yi sot hi ocyanat e
conpounds such as isophorone diisothiocyanate,

bi s(i sot hi od¢arR&tomet hyl ) cycl ohexane, di cycl ohexyl net hane dii sot hi ocyanat e,
cycl ohexane dii sothi ocyanate, methyl cycl ohexane dii sothi ocyanate, 20

2, 5- bi s(i sofHrbbganaremet BFpnbileycl®f [ e 1]ishepparée compound include

2, 6-Dbi s(i sot hi ocyanat onet hyl ) bi cycl o-[ 2. 2. 1] - hept ane, .

3, 8- b¥ s( PedtiisecyanatemtIp)erieybpydagard) 1socyanate group mentioned

3, 9-bi s(i sot hi ocyanat onet hyl )tri cycl odecane, , )

4, 8- bi s( POOVRi Beiahadtorerhyrlly eyerbybehAd whEh an isothiocyanate group,

4, 9-bi s(i sot hiocyanatonethyl )tricycl odecane and the like; aromatic

pol yi sot Ritéc pasale tecpssdiddeshdd ddhass VIBIMOURSS sot hi ocyanat e,
4,4-dipheny|n5thane di i sot hi ocyanate, 7

diphenyldis&p ﬂ&é-4,4-diisothiocyanate and the |ike; and sul fur-containing

het er ocycl i ol yi sot hi ocyanat e, co unds i i .
y %xgmp es o? sugg an isoggfocyanate compound include aliphatic

10 polyisothiocyanate compounds such as hexamethylene
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,



such as 2, 5-dii sot hi ocyanat ot hi ophene,

2, 5-bi s(i sot hi ocyanat onet hyl )t hi ophene, 5
2,5-isothiocyanatotetrahydrothiophene,

-b s(isothiocyanatonethyl)tetrahydrotﬁiophene,

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

-di i sot hi ocyanato-1, 4-di t hi ane,

- bi s(idiahdmchdinsit biveddryt ) 44d4isipthi apeanatte and the like; and

-di i sot hi ocyanat o- 1, 3-di t hi ol ane,

4. 5- bi s(i sot&nlo‘ctyla—mmltrhwg hegedPENClane kil 3 10KEANDLE CRRBORBES
restrlcted to these exenplified conpounds alone. [0012] Furthernore, the
above i scty@hnat e conpoundsa§ubst|tuted wi t B, 5161 hapbhéacyaphtashéRPbENge,
brom ne and the |ike, wth an al ?roup an al koxy group, a nitro group,
or nodi f i%d Wihi %ﬂ&@ﬁY%ﬁ%ﬂQﬁﬁ%ﬁy pElepePhaRe; carbodiim de, urea, biuret,
or a dlnerlzatlon reaction product of the isocyanate conpounds may al so be
used. Sué%r51%ﬁﬁﬁhﬁﬁﬁ¥?Qﬁ§ﬁﬁ6ﬁ%ﬁ%hﬁ%§0%%l9@%@“@rngIy, or two or nore
conpounds. 20 may, be used in conbination 0013] In addition to the
aforenenﬁidhé@ﬁﬁ%%R?ﬁ%ﬁciﬁﬁﬁﬁﬁmﬁ%hybiE%Fra@hﬂéPtEbﬁﬁﬁﬁﬁﬂs may be used as
fol | ows, and exanples t hereof include 2-nercaptoethanol

3- mer captd %ﬁ%ﬁﬁﬁﬂ&ﬁ%ﬂaniﬂgm%ﬁmﬁ% %tﬁﬁgYﬂé?EabPBQEB?ate)

4- nercaptophenol - di ner capt o- I-gro anol, pentaerythritol

trls(3-m§' iﬁ%ﬂﬁ Eﬁ%ﬁﬁﬁ%ﬁat%e t hetytht 2Ret tris(thioglycolate) B and the
i ke, bu%h%ﬁ%u.zlsottr'Cted to tpﬁSf efenp Lhed conpounds al one.

locyanatome iane,

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)



[0014] Furthernore, other polythiol conmpounds may al so be used as 5

foll ows, and exanpl es thereof include aliphatic polythiol conpounds such as
met hanedi thiol, 1, 2-ethanedithiol, 1,2,$-propanetrithiol,

1, 2-cycl ohexanedi t hiol, bis(2-nercaptoethyl)ether,

t etraki s(nmer capt onet hyl ) net hane, di et hyl enegl ycol bi s(2-nercaptoacetate),
di et hyl enegl ycol 10 bi s(3-nercapt opropi onate), ethyleneglycol

bi s( 2- meridgbtBackt & e Putes Kol edie glopdalicUsics L 8- the T sesdpifdest epmpounds
trimethyl ol propane tris(2-mercaptoacetate), trinethylol propane

tris(3- mer&dt-opr opi onate), trimethylol ethane 15 tris(2-nercaptoacetate),
trimethyl ol ethane tris(3-nercaptopropionate), bis(nmercaptonethyl)sulfide,
bi s( mer capt Il ) di sul fi de, bi s(nercaptoet hyl)disul fide,

bi s(mer capt opr opyl ) sul fi de, bis(nmercaptonethylthio)nethane,

bi s( 2- mer ca&f%étﬁﬂnnt%%) net PRk ePO2Y tHiLeL3-GRRRAMBDIBRYI BASE) Rt nafred as

1, 2-bis(nmercapt onet hyl t hi o) et hane, _ 1, 2-bi s(2- nmer capt oet hyl t hi 0) et hane,

1, 2- bPs( FHer4ht ot bhy | LH) B hang!er90%, 310¢1 $¢¢er 2ApPBAEL Ayl PRLEFPLBpane,
25 1,2,3-tris(2-nercaptoethy|thio)prgﬁane,

1,2,3-trF§F§¥ﬂﬁthptoﬁP65ylth?é)anB Egnedithiol, 1,2-ethanedithiol,
:Z:;:t:g%._r Qg%%ﬁg%? lﬁﬁhf' th%;??ﬁé?ﬁgﬁéyg 1,2-cyclohexanedithiol,
tetrakiS%%g?3!%g¥é§gégégﬁJHfg?ﬁgyj)nEthgggfakis(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,



bi s(2, 3-di nercapt opropyl )sul fide, 2,5-dinercapto-1,4-dithiane,

2, 5-di mercaptonet hyl -2, 5-dinmethyl -1, 4-dithiane and their esters 5 with

t hi ogl ycolic acid and nercaptopropionic acid, hydroxynethyl sulfide

bi s(2- mer capt oacet ate), hydroxynethylsu?fide bi s( 3- mer capt opr opi onat e) ,
hydr oxyet hyl sul fi de bi s(2-nmercaptoacetate), hydroxyethyl sul fide

bi s( 3- mer capt opr opi onate), hydroxynet hyl di sul fi de 10 bi s(2-nmercaptoacetate),
hydr oxy metetiydadi issu] F-incher c ap 813 el tdaiptoogpr fopl omat lyne hydr oxyet hyl di sul fi de

bi s(2- mer capt oacetate), hydroxyethyl di sulfide bis(3-nercaptopropionate),
2- mer capttedirtal i setdrare r dai (b mychpgtioacet fay b)me Rhame capt oet hyl et her 15

bi s( 3- mer capt opropi onate), thiodiglycolic acid bis(2-nercaptoethyl ester),
t hi odi pr &pisod, S -atime r deip(Gprarychpwei e, es? evydimerhaptdglytotiithaend,

bi s(2-mer capt oet hyl ester), dithiodipropionic acid bis(2-nercaptoethyl
ester), 220-Himez@ntameilisyrabrcaptrondinyt i o)pilbpane, and their esters
1,1,2, 2-tetraki s(nercaptonethyl t hio)ethane, o ,

4, 6- bb s( meitdapt ofBLRYLYBP)YCL, 3-AFtti ac\Pdlbhex@frE&captopropionic acid,
tris(mercaptonet hyl t hi o) net hane, tris(mercaptoethylthio)nethane and the

li ke; 25 haidgieapinetioihaHilideonpounds such as 1, 0H$ ferRapEebenzeabate),

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

1, 2- bi s( M@EryﬁymW%udeﬁiﬁe, 1, 3- bi s( mer cap?bFkt )y pePzepEOPignate),

1, 4- bi s(rer capt onet hyl ) benzene, 1, 2-bi s(nercapt oet hyl ) benzene

1, 3- bi s( ARG Henizth &1 94 qari et bt dyi ) beazerrethylsulfide

bis(3~-mercaptopropionate), 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,



1, 3,5-trinercapt obenzene, 1,3,5-tris(mercaptonethyl)benzene,

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

1, 3,5 trls(nercaptoethyleneoxy)benzene 2, 5-tol uenedithiol,

3, 4-toluenedithiol, 1,5-naphthal enedithi I, 2, 6- napht hal enedi t hi ol and the
i ke; and heterocycllc pol yt hi ol conpoun S such as

2- et hyl am no-4, 6-dithiol-symtriazine, 3,4- thlophenedithiol, 10

bi snut hiol, 4, 6- bls(nercaptonethylthlo) 1, 3-dit hi ane, (2 2-bis

(mer capt dmér RIS MG)CRIRAENL) ERRARH et aheza?\hlsﬁfﬁ%r??%oetbﬁ% BPBZABE/

restricted to these exenpllfled conpounds alone éOOlS Furt herpore, an

ol i gorrer lof3 tHe @RRPAHN bIoTwfifmds, L of Hiets (BT eaPEPSEBKHONRAEEBE /

ot her polythlol conmpounds, or those substituted w th hal oge uch a

chl ori ne L birormtie HFIHSISIE Ry be bs%dé ~ e Dt %%FC?BFﬁWgEgﬁébﬁﬁHEeB?'

oi ES{yp"' S T T RO, SHEP B0 R conbl nat on. 30 [0016]
necestary % y' SR %ﬁnﬁoﬁw“exa et ver roforee u%eﬂgtﬁﬁgl
eact od TG °“”d%a‘%ﬁl Tart of 25 ¢ he pﬁF‘S?ﬂle ohpetnas Pafaa LaroL Y
rof orr od B & REH, *%%‘)ﬁ'rbad‘“%a@o"“ S RO LB the thi ol compound used i
EgstpgfsePLgl%sgb§§ﬁat;ogogggdggdﬂyel|nlnarllg reactgd in advanﬁe W th 58

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



[0017] Furthernore, for the purpose of nodifying the resin, aresin 5
nodi fi er such as a hydroxy conpound, an epoxy conpound, an episulfide
conmpound, an organic acid and its anhydrjde, an olefinic conpound such as a
(meth) acrylate conpound or the |ike nafjbe added. Herein, the resin

nodi fier is a conpound which inproves physical properties such as
refractive index, Abbe's nunber, heat 10 resistance, specific gravity and
the |ike,im¥rhieehard cadle gntaalwgttwarsldcm R G iRyl cin satdf\@fgxaw wifthp & Wiedlr €thane
based resin. [0018] Exanples of the hydroxy conpound used as the resin
nmodi fi er theiclseeymtayteneoygngeol , triethyl ene glycol, dipropylene glycol
15 tripropyl ene glycol, 1,4- butanedlol, t hi odi et hanol, dithi odi et hanol

gl yceri ne, ﬁqm%?hylolpropane, pentaerythritol, and an oligonmer of these
conpounds, but are not restricted to these exe i fi ed conpounds al one.
[0019] 20 EREHPISEQEE t heokpdxs @:@?@@%ﬁdoﬁhﬁn@ﬁ%ynaeta&dwsw t Be T84in
nodi fi er |nclude a phenol - based epoxy conpound obtai ned by condensation
react Pon Tk IR yIFAEN c2phenonYEBABBUNEPERRMAs 2B sPRERYI RPN Hy| 28t her
and the like with an epi hal ohydrin conpound; an al cohol - based epoxy

conpound bt Hetl Dy oBERUSRs a2 P O B 1RacLroN O t8 pBNYATadre 30 eéﬁérmlc
conpound such as_hydrog enated blsphenol A gl yci dyl ether nd the llé&@ﬁ% th

an eplhaVBHWHWPHjS€6ﬁb%§ﬁH (mgthp 2+ HYta e Oép BandP OB
by 12 condensatl n reaction of a nmultivalent or 5 c.acid conpou d sucq as
3, 4- epoxy it STERAT F1094 L1830 e ICORE: YRS IR VES p ysica

properties such as refractive index, Abbe's number, 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



and the like wth an epi hal ohydrin conpound; an am ne-based epoxy conpound
obt ai ned by condensation reaction of a primary or 5 secondary di am ne
conpound with an epi hal ohydrin conmpound;1an aliphatic multival ent epoxy
conmpound such as vinyl cycl ohexene diepoxide and the |like, but are not
restricted to these exenplified conpounds alone. [0020] 10 Exanples of the

epi sul fi dSEfigg}%QH?g?o i‘é:gcﬁ_i%nboef %d%%ﬁtal%atfé% oF LR XOGLE helohPShig & ddear

al i phatic “epl pr opy 0"~ conpounds “suc
bis(2. 3- epit hi . . 15023 eni Lhj Lt hi ) . .
b::EZES-gg%tE}gg%gg%P%ng%ﬁg#&%ﬁthigL??Zﬂbig%%%%*ﬁgﬁ%ﬁ%%%?%%&%%%#%ég%ﬁéne,
%1 g bi s(2,356phd fh'tlﬂpé A 'Ahoégafghgﬁ‘bﬁ%%ﬁ”éoﬁ@ﬁukﬂ? é.'ﬁkzﬁﬁine—b sed epoxy

, 3-epi t hi opropylthio conmpoun aving an al rcyclic or heterocyclic ri'ng such

as 1’3'bE§§éo§ﬁ Piégﬂé£ﬁ§£¥gﬁgiEéﬁ?%%?%?g%ﬂe’reggtion of a éprimary or

2,5-bis(2, pi t hi oprop I'thiane and the |ike; and

aronatq c = epLt.bi opr i u S : : ;
1,3_bﬁg(2%&?@%?%%908@6%9%%%P%?g%ﬁ§§%e?g§h Qﬁh @ﬁlhalohydrln compound; an

1, 4- bi s(2,3:epithj.o l.t-hi e | i b ;
restricteﬁﬁ%gﬁ%ﬁggeagggﬁﬁ%ﬁfﬁég %%ﬁ%gugggpgﬁiiaé%%%og%]%E%|ﬁ§%§¥§%eﬁﬁﬁs

organi ¢ agi 8poaRdqk tsh RRAXAT § g WhliCH rBBYo P& added-dedi t8Sthase IS&inbdidd er
i ncl ude thiodiglycolic acid, thiodipropionic acid, dithiodipropionic acid,
phthalic aphydnhds. alone.

[0020]

10 Examples of the episulfide compound which may be added as the
resin modifier include linear aliphatic 2, 3-epithiopropylthio
compounds such as bis(2,3-epithiopropylthio)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



hexahydr opht hal i ¢ anhydri de, nethyl hexahydrophthalic anhydri de,

nmet hyl t et rahydr opht hal i ¢ anhydride, nmaleic anhydride, 5 trinellitic
anhydride, pyronellitic dianhydride and jshe like, but are not restricted to
t hese exenplified conpounds al one. [0022] Exanples of the ol efinic conpound
whi ch may be added as the resin nodifier include (neth)acrylate conpounds

h b t 0b t.h | at hex I t
ol B A T TS B L B o

th | at I I | at. I d th h l.
e e e G

diacylate,, syl sgeogl yeol o dhogLhact vhat ) dhet ivhengyolxdl. 19,giastd ate.

di et hyl ene g acry Fle i"acr

Iéhﬁ%ﬂ?'ﬁ“ﬁ%&”ﬁ%ﬁ g@‘f‘%ﬂethw anER ycoeycb.sfﬁég.g%g' “aoPyhyrgide |
ethyi gnegl yeal, bl sgl Sgth%oloﬁ B hagrd g B ahenol A agkyl acrgsm%no

A di net hacr |acry ate |sp enol ‘at’e

trimet hyIé)lId@rr(P(?@nPeSEfi Ly 8 O{)e%héé @%Q%I;?IEEQB""ES E;'u%%h%%%' ate,

gl ycer ol racryl ate cer |ne hacrytate, pentaerythritol trlacrylate
pentaerythrl Gq %Fnracrylate pentaerythritol tetranmethacryl ate,
xyl yl enedi t hi o lacryl ate, xylylenedithiol dinethacrylate, 25

mer capt oet hyd,sulf1 de o¢i agL wl%tﬁnl@aeﬁpb%hwﬂﬁﬁ B gﬁbedao(@é&@g%@tr%s%d
the like; allyl "conpounds such as allylglycidyl eth dial 1yl phthal ate, 14

di al I'yl t efspht hat atrl%lu@eal Inéfkmaebwaltét@@m&@ﬁ@yIsemgbgqpénzyl acrylate,
bi sal | yl carbonate and t e;

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,



vi nyl conpounds such as styrene, chlorostyrene, nethylstyrene,

br onost yrene, di bronostyrene, divinyl benzene, 5 3, 9-divinylspirob
(mdioxane) and the like, but are not restricted to these exenplified
conpounds al one. [0023] These resin nodifiers nmay be used singly, or two or
nore conpounds may be used in conbination. 10 [0024] Wen the isocyanate

d, .t t hi ol d d th I ifi int
corpound. 111 SRIREHRS. and 15,1534 Lor EAATLEE, el e e ssen
f d .t t ti h int f th I ti f
T €0 g0 b1 SbiEs DU pgEny comound) [ n Cerm of Lhe molar 1atio of
d f bly in th 0.9 to 1 2. 025 As d I b .. th
o0 B! bl L RIS L0801 8, L A9, o8 destEied abaey (e

Vi scosi Ly UUMERHBLE not det or | BY L& TRARAT CNG” pr oper L1 65 O AL T SRRTEy

Vi scosity es’ not deteri g’ properties. e’vi'scos

. o ! . f .
menti gned, i’ge_rgie\);: r?%fseﬂ,?fﬂcgll%’%gﬂ—:&%g{;g%g NG/ LAGOP] ﬁ% ¢ %%aagg'}%@&es@ﬁtc‘&re%

measured,” for a VI'SCOmeter grees centigrade.
The vi scasi t | SCQSI S 25 imedi ately after m xi ng of
t he conpggét?%%ggﬁggg%éngg%%s??@ﬁgﬁggguggggﬁhtiI the conpl etion of

i njection of Jyyononers through the degassing process under a reduced
pressure or other steps is 15 inportant. So, fromthe viewpoint of

excel | ent hapgl {09, REOREHd £S5 1ef O mEYATR €uskhe SARFRST t ¥ MRAI 3F el af ter
m xi ng of the
compounds may be used in combination.
10 [0024]

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



conposition as a target is not nore than 100 nPas, preferably not nore than
50 nPas, and further preferably not nore than 30 nPas. 5 Furthernore, when
the optical material is used for castings polynerization to be described

bel ow, the viscosity during injection is preferably not nore than 200 nPas
measured at a tenperature of 20 degrees centigrade. In particular, for

duci ng, I i Lh in cent t hi ck further | [ it
70" such S0 eas 07 116k FBOEr GRSt Lt bl 8ot 0B26] T L6 EREVpaghe
[ ti id ical.materjial . obtai b [ th I i zabl
composi {16 § G o0t | CAP FHTGP L iRt Sbove. CEs SOLR R Gk 1 GE
material is excellent ingurab%lityftrpmthg Vi ol aE-sOf.litftelreb
ti me- deperdBRtS Vat P atd% R FRATESF ot S BIPT MOrSdiF B oh ¥ Wit & 1 iBgit. S Tk Y 85t

ti d herei b | uat ed t | f the ch
(hor oi nafere VBErPel e oS ac M1 T BRI Raee ThasY CHEF eIl v P8t grr ed
to 20 I d Db testi ' fter, f .
{0, 20505 NP ERRYEEY e, ' SB[ PRSI, AL ey TOE XA Ceziring
f tical ' [ Ll : [ V| int of .
xcel| onte GaraBrT 715507 0027 2405 okalt BRRS PR foty oA G i@l c i

material sentionsg ber g eaybe Al usted brophod niband fhec gonposition

rati o of I socyanat e compou and e actrve hydrogen conpound in the 16

o e 2B PECRAE 20 e LB bt e A e
a lens with very thin center thickness, further lower viscosity

10 such as 100 mPa-‘s or less is more preferable.

[0026]

Also, the present invention provides an optical material
obtained by curing the polymerizable composition for an optical
material mentioned above.

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



needs to be high. Fromthis viewpoint, preferably used is a conbination of
an i socyanate conpound and an active hydrogen 5 conpound, or its conposition
ratio for obtaining a resin having a refyractive index of normally not |ess
than 1.55, preferably not I|ess than 1.59 and further preferably not |ess
than 1.65 when the refractive index is nmeasured by an e-line. [0028] 10
Meanwhi | e, from angther viewpoint, the present jnvention rovides a t hod
f or prodtPé?deeaW@gf]iecalcwv%Jitdiorbbtaaﬁ néjt?sblfedc‘uri n WhBaBBFlegF‘FZange
conposi tion, far. exanpl e, t hod .f or roduci.n optical .materi.al

bt B ned By TS i STREY BF o EheR OBy et S50 b B R5aa LR g

| ens casting, mld .15 hy.casting polynerization., [0029 n curing. and
ol di ng ARG oFe BF (HET coch Bl S PaambU At ShAE ! « RECREErPeonyShere &
conpound. Lhat, I8yt eeator enpali oned. polxierizable sommosi Hon,(aroan,
optical ma eritat 4 suEstance na¥ 20" Be “2d&edh The Sdne Tranner "4s PR &

cata yor e DR G T R L T e St MBS RRGTE Ber Ll o8l oo

cat al yst as 'di n ori de” or ravi o

such as & paenzolnlazelacyl beay okl ghent DR o1 e ol idke. a0 d0Lgigehor

rel ease agent such as aci osp ster ‘or I ke,”d

stabi i zer.. anant h- gy %FG}BT Fﬁgtﬁgﬁc ié’f‘eiQM%aﬂ@{ BUCD @82 17 3Y %?Jen the

reaction initiator or t chal n extension agent, a Cross i nki ng

agent, agéﬁyadggyénﬂﬁgbfmggnmeéghfgé-gylg@lg_gyge_17 afiller and the
i ke. [003

[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,



When an injection solution is prepared by mxing a reaction catalyst, a
nol d rel ease agent and other additives to the 5 isocyanate conpound and the
active hydrogen conpound, addition of the catalyst, the nold rel ease agent
and other additives is also dependent on the solubility into the isocyanate
conpound and the active hydrogen conpound. However, the catalyst, the nold
rel ease agent. and other additives nmay be added to the isocyanate conpound
10 in advande Hid S sdtvetdt fherein, may be added to the active hydrogen
conpound anqéﬂkgﬁolved therein, or may be added to a mxture of the

i socyanate cC nd and the active hydrogen conpound and dissolved therein.

O, they nmay_be dissplved in a 8 rt .of the iso%ya te conpound or tge
active hydr CHhpbUheC T heisg ?BtignpﬂépéFﬁﬁﬁ'ﬁﬁgt BHFtit? oft, T5AEEREN

t he sol utign may be addeg. The rocedure of addifjon is not.restrict to
hese exciiA Tty Aot FOUE, Tk T opeidey s aPBd: et Daperdidg. BFETha'®  Che
operagiILt saf.ety, convenience, or_the |ike 0031 20 Xi_ng,.i. S
gener A1 1y BTGt CHPL W BErat O 61 L Kot BT h AT TS Hug FBd t 1o of
centigrade. It .is sqmetines preferable to enploy, a furtp_n l.ower .
{enper at (TS (97 Gona dordtd BI9161 HE 455t AIF0 6Pk REDH RETHE- For LRePhSPe,
when the sol ubjlity of .t he addi.tii.ves .such,.as.a catal yst % a l.d
releasinégﬁﬁgheQEn%?tﬁasi%é%@dﬂété’Q§E€b§8§U%§O§§8%F%§ §p@j€€”ﬁ§8ngEHe
compound & ROk NeLS MBYBLAG. Be A fase yere Lhe pddifives pLeicage
di ssol ved i1 the“isocyanate” “conmpound,” the active hy rpgen compound-or "their
PL?tBLisﬁyéﬁﬂ?%hEﬁo%ﬁer'Qd89¥§98§-mgyrﬁgg&ﬂﬂ&§wxg%%%“qgggy%%a%%ecBﬁBBhBS”E”t
10 in advance and dissolved therein, may be added to the active
hydrogen compound and dissolved therein, or may be added to a
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



properties of the resultant plastic | ens, degassing treatnment under vacuum
or filtration treatnent under pressure and vacuumand 5 the |ike may be
preferably performed in many cases. [0033] Subsequently, after injection of
a mxture of the isocyanate conpound and the active hydrogen conmpound into
a lens casting nold in which a polarized filmis fixed, the |lens casting
nold is heatcg 10 in a heating apparatus, such as an oven or under water
accordlnd‘ to aIB%edeternlned tenperature program for curing and nol di ng
over sever J% sev ralciens of ho

polynerlzat?%h cufﬁ?%f%% né? TESTH cted %ecauseg?%ggggagfgggﬁs BPygﬁF?l
are diff yc{Be pendipo.pn t X sul a@”gfghgagn fthedé%é%é‘lﬁ %Psakhgﬂt“

t he cat al e shape 0 %6r s nerizatl on

curing ig,,4 @‘é%h%ql ﬁk% ﬁ#f@@l%ﬁ Ltrr%aocfmearpcoﬂkde?%o Engﬁgedg&ﬁ Qz%%xﬁ?rﬂ%hgr ade
over 1 toli ours. i's & commpn practice to starth
Lonperat Ui s lég‘a% N & %@%%%%Zg%‘?’?@%ﬁ? '13{3 BV eG2 28Rt grade, and to

keep at thatyd erature for 1 to 4 hours. After conpletlon of curing and
nolding, ap astlc | ens can be obtai ned by taking out the lens fromthe

Lens casti nguBldhuR 1PO3ACAL 19 orelenabk e thakclbe BEABhLC;LeRsaARLal ned

fromthe opti mat er’ ‘al resent enbodi nent 1s subjecte 0 an

anneal i ”Q:o%%odrf&%@e%ebé{c@f@é' Adteed @RS RIRS 1hebegsi digs féa%@ﬂﬂ@?m@@lid
for the purpose of relaxation of strain caused by pol ynerization

in which a polarized film is fixed, the lens casting mold is heated

10 in a heating apparatus, such as an oven or under water according
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



anneal ing tenperature is usually in the range of 80 to 150 degrees
centigrade, preferably in the range of 100 to 130 degrees 5 centigrade and
further preferably in the range of 110 t;@ 130 degrees centigrade. The
annealing tine is usually in the range of 0.5 to 5 hours and preferably in
the range of 1 to 4 hours. [0034] The plastic | ens obtained fromthe
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and a 25 dye and a pignent for t e purpose”of enhancing ionability of
the lens. Furdgwy) a photochromc dye and a photochromic plgnent an
anti-static agent or various other additives may be used. 20 Furthernore,

various |evelidg, pgenis TRYsbeHIBdL riHe PHEPRSR 1l IFI¥OM Y of the
applicability of coating.

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.



[0035] The primer layer, in general, is forned between the lens 5
substrate (the optical material obtained fromthe polynerizable conposition
of the present enbodi ment) and the hardogoat |ayer for the purpose of
enhanci ng adhesion of the hard coat |ayer and inproving inpact resistance
of the plastic lens. The thickness of the layer is usually about fromO.1
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sol vent Wi ahhdaesydoti affacdl thespamns feymbe. used forpmwhe priner
conposition for the purpose of adjusting the viscosity of the
10 The primer layer is formed, for example, by either a coating
method or a drying method. When the coating method is employed,
a primer layer is formed by applying the primer composition in a
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



conposition or the like. O course, a solvent may not be used. [0036] 5 A
hard coat |layer is a coating |ayer for the purpose of providing the surface
of the lens with functions such as scratxgh resistance, abrasion resistance,
noi sture resistance, hot water resistance, heat resistance, weather

resi stance and the |ike. The thickness of the layer is usually about from
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for the hard coating conposition. O

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



course, a solvent may be not be used. [0037] 5 An anti-reflection |ayer is
usual ly fornmed on the hard coat |ayer as necessary. As the anti-reflection
| ayer, there are inorganic-based and organi c-based | ayers. In case of the
i norgani c-based | ayer, the layer is generally forned by a drying nethod
such as vacuum vapor deposition, sputtering nmethod, ion 10 plating nethod,
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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



50 to 150 nm [0038] 5 In addition, the plastic | ens obtained fromthe
optical material of the present enbodi nent may be subjected to surface
polishing, anti-static treatnment, tintisg process, photochrom c process and
the |like as necessary. Since such a plastic lens may be forned in a snal
thickness, 10 it is useful as a lens for eyegl asses, particularly as t he
lens for
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the like as necessary.

Since such a plastic lens may be formed in a small thickness,
10 it is useful as a lens for eyeglasses, particularly as the lens

for correcting visual acuity.

EXAMPLES
[0039]

15 Hereinafter, the present invention will be illustrated in more
detail 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.



Ltd.), the yellowness index (Yl) was neasured by preparing a resin 5 plate
havi ng a thickness of 9 nm Viscosity: The viscosity of the nonomer m xture
was neasured wth a B type visconeter aj, 20 degrees centigrade. Light
resistance test: Aresin plate having a thickness of 2 mm was prepared and
irradi ated usi ng a QUV testing machi ne for 48 hours, 10 and then OYl was
measured fro resin_color ore and after irradiation (lrradiation, was
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10 and then AYI was measured from the resin color before and after
irradiation (Irradiation was performed under QUV test conditions
of an irradiance of 0.35 W/m? and a black panel temperature of 50
degrees centigrade using UVB-340 as the light source.).
[0040]
15 Example 1
34.65 g of tolylene diisocyanate and 14.34 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 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



120 degrees centigrade slowy, and polynerized for about 24 hours. 5 After
the pol yneri zation was conpleted, the nold frame was taken out fromthe
oven, and rel eased therefromto obtain a resin. The obtained resin was
further annealed at 120 degrees centigrage for 4 hours. For the obtained
resin, the refractive index (ne) was 1.668, the Abbe's Nunber (ve) was 28,
the heat resistance was 113 10 degrees centigrade, the Yl value was 10.9,
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1.668, the Abbe’s Number (ve) was 28, the heat resistance was 113

10 degrees centigrade, the YI value was 10.9, and the resin specific

gravity was 1.35. Furthermore, AYI of the obtained resin in the

light resistance test was 5.1.

[0041]
Example 2
15 30.68 g of tolylene diisocyanate and 15.95 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
20 release agent were further added thereto, and the contents were
mixed and dissolved at 20 degrees centigrade. After dissolution,
53.37 g of 4,8-, 4,7- or
5, 7-dimercaptomethyl~1,11l1-dimercapto-3,6,9-trithiaundecane was
added thereto, and the contents were mixed and dissolved to give
25 auniform solution (in the solution, (NCO+NCS)/(SH+OH) =1.0/1.0).
The viscosity of the uniform solution was 21 mPa*s. This uniform

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



120 degrees centigrade slowy, and polynerized for about 24 hours. 5 After
the pol yneri zation was conpleted, the nold frame was taken out fromthe
oven, and released therefromto obtain a,gesin. The obtained resin was
further anneal ed at 120 degrees centigrade for 4 hours. For the obtained
resin, the refractive index (ne) was 1.669, the Abbe's Nunber (ve) was 29,
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frame “ﬁslp%%9tn£ﬂe Abbe’ s Number (ve) was 29, the heat resistance was 125
10 degrees centigrade, the YI value was 10.5, and the resin specific

gravity was 1.36. Furthermore, AYI of the obtained resin in the

light resistance test was 5.4.

[0042]
Example 3
15 16.50 g of tolylene diisocyanate and 29.50 g of hexamethylene
diisocyanate were mixed and dissolved. 0.05 g of dimethyltin

dichloride as a curing catalyst, 0.05 g of Viosorb 583 as an
ultraviolet absorber and 0.10 g of Zelec UN (acid phosphate ester:
registered trademark, a product of Stepan Company) as an internal
20 release agent were further added thereto, and the contents were
mixed and dissolved at 20 degrees centigrade. After dissolution,
54.00 g of a mixture containing
1,1,3,3-tetrakis(mercaptomethylthio)propane and
4,6-bis (mercaptomethylthio)-1,3-dithiane was added thereto, and
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



an oven, subjected to a tenperature elevation from25 to 120 degrees 5
centigrade slowy, and polynerized for about 24 hours. After the

pol ymeri zati on was conpl eted, the nold fgane was taken out from the 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
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10 Abbe’s Number (ve) was 29, the heat resistance was 104 degrees
centigrade, the YI value was 5.5, and the resin specific gravity
was 1.36. Furthermore, AYI of the obtained resin in the light

resistance test was 4.5.

[0043]

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



put into an oven, subjected to a tenperature elevation from25 to 5 120
degrees centigrade slowy, and polynerized for about 24 hours. After the
pol ymeri zati on was conpl eted, the nold fpane 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
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tape. This nold frane was
10 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]
15 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
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, 47.52 g of 4,8-, 4,7- or
5, 7-dimercaptomethyl-1,ll1-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 33 mPars. This uniform



put into an oven, subjected to a tenperature elevation from25 to 5 120
degrees centigrade slowy, and polynerized for about 24 hours. After the
pol ymeri zati on was conpl eted, the nold fpane 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
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mol d and 3 t8pes.Thies M@ HRAME NS 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



put into an oven, subjected to a tenperature elevation from25 to 5 120
degrees centigrade slowy, and polynerized for about 24 hours. After the
pol yneri zati on was conpleted, the nold fggme 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
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tape. This nold frane 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



put into an oven, subjected to a tenperature elevation from25 to 5 120
degrees centigrade slowy, and polynerized for about 24 hours. After the
pol ymeri zati on was conpl eted, the nold frane 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

el ract ve i ek M85, 10,k 897 oohea AHO F MTRET ) g R e dget
Tant 1 EsF%@K’Lteyfg??S%e%ffggh?@%%r efi@é%%’%@ﬁ@% BATHLED 505 T
di met hy! i bl ppicle 25,2 LUl SRR Vo £ 050 thvéolﬁgﬂ? 503,85, 80

uItraV|oIet acid hosp ate ester

regi ster e SPRRLI oAt oclue] ol hepan N AS 1B gto%h@%mr gheage

agent wer to 44.4 ton &ne S ||socyanate e contents

wer e %Xe%‘én&ieﬁkéég'é’&% add LeAr_es a?l%,n% ﬁgﬁlééﬁt%rddoﬁﬁgé gl RBur2. 91

g of pentaerythritol tetraki snercaptopropi e ana 32.64 4,8-, 4,

or 5, 7- dﬁ@%@%ﬁ%”ﬁ%@ﬂneqﬂllz%t@oﬁeEJ%%pEBmﬁl@’t%dt richhl ﬁB’ﬂQe%QﬁeW@é@ gékéﬁ'ded
thereto, and the cohtents were m xed and di ssolved to give a uniform

sol ution Ghi FhenSehEtb08n (QKENf$¥9aée&5%Hé%éfroﬂ-é&ibﬂbalrlEh%e%h%COSTh¥ of

the uniformsolution was 40 nPas. This uniform 32 solution was degassed at
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filter, and then poured into a nold frane conposed of a glass nold and a
tape. Thig mehgdrammase obtained resin, the refractive index (ne) was
10 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]
15 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
20 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
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 40 mPa*s. This uniform



put into an oven, subjected to a tenperature elevation from25 to 5 120
degrees centigrade slowy, and polynerized for about 24 hours. After the
pol ymeri zati on was conpl eted, the nold frane 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
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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.

[0048]

15 The above resulits are shown in Table 1. The viscosity of the
mixed monomer in the Table i1s 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



the viewpoint of the effect of the present invention. 5 [0049] On the other
hand, in Conparative Exanples 3 to 5, the viscosities of the m xed nononers
were high so that there was a problemipgshandling properties, and in
Conparative Exanples 3 and 4, color shifts (AYl) before and after |ight

resi stance test were 10 high so that there was also a problemin |ight

resi stance._In
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On the other hand, in Comparative Examples 3 to 5, the
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.



Exanpl e 4 Conparative 40 1.659 27 Exanple 5 Heat Col or Specific Light
Resistance [YlI] Gavity Resistance [C] [AYlI] Exanple 1 113 10.9 1.35 5.1
Example 2 125 10.5 1.36 5.4 Exanple 3 104 5.5 1.36 4.5 Conparative 112 9.0
1.33 24.9 Exanple 1 Conparative 125 7.334.33 23.1 Exanple 2 Conparative
124 5.8 1.34 10.8 Exanple 3 Conparative 135 5.6 1.34 13.3 Exanple 4
Conparative 138 11.0 1.38 8.9 Exanple 5 35 CLAIMS 1. A polynerizable
conposition fBQ @i optical material conprising tolylene diisocyanate,
hexanethylen i'’'socyanat e, and one or nore 5 polythiol conpounds sel ected
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| Example 1 113 10.9 1.35 5.1
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10 2, 5-bi s(nercaptonet hyl)-1, 4-dithiane, bis(mercaptoethyl)sulfide,

1,1, 3, 3-tetraki s(nmercapt onet hyl t hi o) propane,

4, 6- bi s(mer capt onet hyl t hi 0) - 1, 3-di t hi angsand
2-(2,2-bis(mercaptonethylthio)ethyl)-1,3-dithietane. 15 2. An optical

mat eri al obtained by curing the polynerizable conposition for an optical
mat eri al t forthinclaiml. 3. A nethod for producing an optical

mat eri al “hed by curing the polynerizable conposition for an optical
material as set forth 20 in claiml. 4. The nethod for producing an optical
material as set forth in claim3, in which said polynerizable conposition

for an ontical, 1RLeLAL LS E LIRS PYCBSLI N9 RAIVIEN LZALLAL comprising

tolylene diisocyanate, hexamethylene diisocyanate, and one or more
5 polythiol compounds selected from the group 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,
pentaerythritol tetrakismercaptoacetate, pentaerythritol
tetrakismercaptopropionate,
10 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

2-(2,2-bis (mercaptomethylthio)ethyl)-1,3-dithietane.

15 2. An optical material obtained by curing the polymerizable

composition for an optical material as set forth in claim 1.

3. A method for producing an optical material obtained by curing
the polymerizable composition for an optical material as set forth

20 in claim 1.

4. The method for producing an optical material as set forth in
claim 3, in which said polymerizable composition for an optical

material is formed by casting polymerization.



