Tr vierHE | NVENFI ON Cast Resin for Optical Use BACKGROUND OF THE

1 NVENTI ON The present invention relates to a cast resin for optical use,
aird nmore particularly to a cast resin excellent in nechanical strength and
various optical properties such as transparency and refractive index .an
thus utilizable in place of glass for various optical elenents. Kbaidtédcs
years, a resinous lens is widely used in place of a conventioq%lsknor ani c
glass lens in the field of optical |enses because of its excell8n9 @831 ul
properties such as inpact-resistant, |ightweight, nol dable and dyeabl e
properti es. Cﬁgiﬂg;éﬁﬁﬂﬁﬁjﬁ&ﬁﬁi¥§ﬁnaterial for such resinous lens is, for
exanpl e, poly , poly (diethylene glycol bis-allyl
carbonate), polystyrene and a pol ycarbonate resin, In case of the

pol y(net hyl nethacryl atG@st Bedinhtomdpticadt Hyee/e

BACKGROUND OF THE INVENTION

The present invention relates to a cast resin for
thical use, and more particularly to a cast resin
excellent in mechanical strength and various optical
properties such a; transparency and refractive index and
thus utilizable in place of glass for various optical
elements.

In recent years, a resinous lens is widely used
in place of a conventional inorganic glass lens in the
field of optical lenses because of its excellent useful
properties such as impact-resistant, lightweight, moldable
and dyeable properties. Ordinarily known as a material for
such resinous Iens.is, for example,
poly(methyl methacrylate), poly(diethylene glycol bis-allyl
carbonate), polystyrene and a polycarbonate resin. In case
of the poly(methyl methacrylate), and the poly(diethylene
glycol bis-allyl carbonate) excellent in impact-resistance,
lightwveightness and moldability, however, they are so poor
in refractive index as to have only about 1.48, and thus
need a significant thickness as compared with the inorganic
glass when employed as.a.leqs.__ggcordingly, they are of

disadvantage such that thgy are not suited for the purpose
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gl ycol bis-allyl carbonate) excellent in inpact-resistance, |ightweightness
and nol dability, however, they are so poor in refractive index as to have
onﬁy about 1.49, and thus need a significant thickness as conpared with the
i norgani ¢ gl ass when enployed a a. lens. Accordingly, they are of

di sadvant age such that they are not suited Tor the purpose -2- of

manuf acturing | enses of a high magnification or rendering the weight
lighter. In case of the polystyrene and the pol ycarbonate resin, on the

ot her hand, they have refractiyve index as, high as.1.58 : 1.59 and are fully
satisfactory | B (PNGACHIEAE TERASFenr BhbYCRMZERIAIPRREPY Ther mopl asti ¢ i 1

nature and thus have drawbacks such that they tend to show optica

di storti on cauteedeningotbeeveightadiiiebitest the adsee odf thel e hxsbir@neas

i nj ection nolding
and the polycarbonate resin, on the other hand, they have
refractive index as high as 1.58 - 1.59 and are fully
satisfactory in this respect. However, they are inherently
thermoplastic in nature and thus have drawbacks such that
they tend to show optical distortion caused by double
refraction at the time of molding such as injection molding
and are lov in Abbe’s number and that they are poor in
solvent- and scratch-resistances regarded to be necessary
for a substitute for glass lenses and show poor adhesivity
to a hard coat film to be applied onto the surface of the
lens to improve its surface hardness.

In order to overcome these drawbacks,.various

technical improvements have hitherto been proposed. In
Japanese Laid-open Patent Appln. No. Sho. 53-7787, for
example, there is proposed a resinous glass made of a
copolymer of diethyleneglycol bis-allylcarbonate and
diallyl isophthalate. In Japanese Laid-open Patent:Appln.
No. Sho. 58-181708, there is proposed a resinous glass
made of a copolymer of a diacrylate or dimethacrylate
containing Bisphenol-34 and diallyl phthalate with

ethyleneglycol bis-allylcarbonate and the like. However,

these resinous glasses have some problems in



and are low in Abbe's nunber and that they are poor in solvent- and
scratch-resi stances regarded to be necessary for a substitute for gl ass

| éases and show poor adhesivity to a hard coat filmto be applied onto the
surface of the lens to inprove its surface hardness. In order to overcone
t hese drawbacks, various technical inprovments have hitherto been
proposed. In Japanese Lai d-open Patent Appln. No. Sho. 53-7787, for
exanple, there is proposed a resinous glass made of a copol ynmer of

dlethyleneglycol s-al.l carbon te and dj all i, Soph %ate panese
Lai d- open Pat &RP 9¢nﬁ5?1 DC&HRT! @? fgf?ﬁé at#%ﬁ%?acg %FB d?@&zéﬂrg i nous

gl ass made of a copolyner of a diacrylate or dlnethacrﬁlate,contalnlng
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and the like. However, these resinous glasses have sonme problens in
dlfflcult that the allyl monomers tend to remain unreacted

due to difference in the rates of copolymerization, and
moreover, the resultant copolymer is poor in
veather-resistance. |

Further, Japanese lLaid-open Patent Applns. Nos.
Sho. 62-235901 and 64-45412 disclése a resinous glass made
of a copolymer of dibenzyl fumarate with diallyl phthalate,
etc, and a resinous glass made of a copolymer of dibenzyl
itaconate or dibenzyl mesaconate with diallyl phthalate,
etc., respectively; In Japanese Patent Publn. No. Hei
1-60484, there is proposed resinous glass made of a
copolymer of a pre-polycondensate of diallyl terephthalate
(or isophthalate), methyl acrylate (or methacrylate) and an
allyl (or alkyl) moné— or di-carboxylate. However, these
resinous glasses involve a problem that they are
deteriorated in impact-resistance.

In Japanese Laid-open Patent Appln. No. Sho.
58-140214, there is proposed resinous glass made of a
ﬁolymer of diethyleneglycol bis-allylcarbonate
oligomer. However, the resinous glass involves problems of
a lov refractive index and coloration of the resin.

In Japanese Laid-opeﬁ Patent Appln. No. Hei



-3~ inpact-resistance and have such a drawback that control of the reaction
I n the course of t he pol yner aldon Is so difficult that the allyl nononers
tend to renmain wﬁﬁmdlfference in the rates of

copol yneri zati on, the resultant copolyner is poor in

weat her - r esi stancmm anese Ll-ai4--open Pat epi.-App EEﬁh

62- 235901 and 64-4 I scl ose a resinous gl ass mad='ﬂ:ﬁ$§ S‘Y'ign%

di benzyl fumarate with diallyl phthalate, etc. and a reS|nBH§ﬁ€ of
a copol yner of dibenzyl itaconate or dibenzyl nesacor dial lyl

pht hal at e, tlvel n Ja anes Pat ent Pu 60494,
there is prop§séa5fi %agé p81se EGHLISNTe S &ss hde Bt 4
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and a monomer of vinyl series. However, this resinous

glass is poor in impact-resistance.

Japanese Laid~open Patent Appins. Nos. Sho.
57-28115 and 60-55007 disclose a resinous glass made of a
copolymer ‘of a styrene derivative with a heavy metal salt
of aﬁ unsaturated carboxylate and a resinous glass made of
a copolymer of a diallyl phethalate which is .
nucleus-substituted with a halogeﬁ atom or atoms and an
allyl benzoate which is uncleus-substituted witﬁ a halogen
atom or atoms, respectively. These resinous glasses in
facf have high refractive indices of 1.58 - 1.60 but
instead_lose a merit of lightweight because they contain a
large mount of a heavy metal ion and halogen atoms ard thus
have a heavy specific gravity.

In Japanese Laid-open Patent Appln. No. Sho.
55-13747, there is proposed a resinous glass made of a
copolymer of an acrylic or methacrylic monomer containing
Bis-phenol A, a monomer of styrene series and an aryl
methacrylate monomer, etc. However, this resinous glass
involves a problem that it incurs coloration of the
resultant lens and is poor in impact-resistance and

adhesivity to a hard coating film.



resi nous gl asses involve a problemthat they are deteriorated in

| npact -resi stance. |In Japanese Lai d-open Patent Appln. No. Sho. 59-140214,
there is proposed resinous glass made of a pol ynmer of diethyl eneglycol

bi s-al l yl carbonate ol i gomer. However, the resinous glass involves problens
of a low refractive index and col oratiom &f ~the resin. In Japanese

Lai d-open Patent Appln. No. Hei [err] -4- 3-54213, there is also
proposed resinous glass made of a copol yner of an oligoner of a diallyl

t erepht hal ate series andpaJapaness 1fidviopgh Beterts.Appdnevelo. t I8k .r esi nous

glass is poor in inpact-resistance. Japanese Lai d-open Patent Applns. Nos.
Sho. 59-133211, there is proposed a resinous glass of a
copolymer of a hydroxy diacrylate or dimethacrylate
containinﬁ an aromatic ring, a monomer of diisocyanate and
a monomer of styrene series, However, an apparent merit of
this resinous glass residing in a high refractive index éf
around 1.60 is compensated with an incidental demerit of
low weather-resistance and a high specific gravity.
Furthermore, in Japanese Laid-open Patent Appln. No. Hei.
3-70715, there is proposed a resinous glass with excellent
transparency and a high refractive index obtained by
thermocuring a composition comprised of a methacrylic ester,
a polyfunctipnal methacrylate and a diacrylic diester and
incorporated with a peroxy ester as a curing agent.
Hovever, this resinous glass has such a drawback that it is
poor in adhesivity to a hard coating film and has an
impermissibly great specific gravity.

Under the above circumstances, there is a great
demand in the field of synthetic resins for use in optical
elements to develop a nev type resin which is excellent in
various physicoﬁhemical properties such as transparency,
mechanical strength, solvent-resistance and
weather-resistance, and thus overcomes all the drawbacks as

seen in the conventional resins.



57-28115 and 60- 55007 di scl ose a resinous glass nmade of a copolynmer of a
styrene derivat a heavy netal salt of an unsaturated carboxyl ate
ana a resinous al ate a copolymer of a diallyl phthal ate
which is nucleus h a hal ogen atom or atons and an

nucl eus- substltut te whi ch 6s-nucl eus-substituted with.a
hal ogen at om or at ons, respect I vel y. These resinous SPSET mAE;aQEENﬁ hve
hi gh refractive_indices of 1.58 - 1.60 but instead lose anpmricknof
| i ght wei ght because they contain a | arge anount of & nd
hal ogen atons SUMMARYUSFhENE ENVENTMQNSpecific gravity. In Japanese Laid-open
Patent Appln. “No. Sho. 55-13747, there is proposed a resinous glass nmade

of a copol yner of an aCEX&éfﬂiﬁkl@EtE@Ci¥|%&3dy%@9%95 CORd 3 rdamtBi s- phenol

A, a monomer of styrene series and an aryl methacrylate nononer, etc.
However, this {05M3%% 9533%vide a new type cast resin suitable for

et

optical use excellent in transparency and refractive index
as well as having high mechanical strength,
solvent-resistance andiweatherability.

Other and further objects, features and
advantages of the present invention will become apparent

~ more fully from the folloving description.

According to the present invention, there is
provided a cast resin for optical use obtained by
polymerizing 40 - 80 S by weight of a polymerizable
component 1 of a diallylphthalate component represented by
the formula:

Ry

ﬂ |
Gﬁ=ﬂ§ﬁ -£R,0C %hGﬁCdﬁh (1)
wherein -R, stands for a hydrogen atom or a methyl group,
-0R, for a dihydric alcohol residue having 1-5 carbon
atoms, and m for an integer of 0-20, with 10-60 ¥ by weight
of a polymerizable component 2 of an alkyleneglycel

bis-allylcarbonate component represented by the formula:

A R &
CH2=CCHZOCO-(-R30CO~)-nCHzC=CHz _ 3



i nvolves a problemthat it incurs coloration of the resultant lens and is
poor in inpact- 3§£st ngce and adhesivity to a hard coating film [err]
Substitute sheet}y 1997 -5A- EP-A-0 114-080-dscty si ns
obt ai ned by pol l 90 wt-%of an allyl eFHE SBEETaH Sm c

bi car boxylic aci Wt - % of -ar? of i gorrer {mi xt UREPLAGED| i qonkrs of
bis-ally carbonate of an aliphatic dihydric al coholt—Actording to EP-A-0
284 139 a simlar resin nmay be obtai ned by polynerizing 30 to 65 wt-% of an
diallyl carbonate of a diol containing aromatic groups, 15 to 65 wt-%
diallyl iso- ehereipphihadtaindsafidr 45 hytdrgeh abomlomanmeitbyldzeedsyd ene

gl ycol based pol ycarbonate having two allyl ester groups. US-A-4 930 879
relates to resiRs €6Psd dihydret 30cékb1BQewlidle Oiavingd €240 eaeben ester of

i taconi c or nesaconic acid, 10 to 80 w-%of the diallyl carbonate of a

phthal ate, nmoRe.aRd/ 94ty i&h%heprt S aics 30gpd to 50 wt-% of diethylene

According to the present invention, there is
provided a cast resin for oPtical use obtained by
polymerizing 40 - 89 % by weight of a polymerizable
component 1 of a diallylphthalate component represented by

the formula:

YAl Al R
cﬂzicnzm@coﬁz oc-égoo—}...cnzc=cﬂz 0

vherein -R; stands for a hydrogen atom or a methyl group,
-0R, for a dihydric alcohol residue héving 1-5 carbon
atoms, and m for an integer of 0-20, with 10-58 ¥ by weight
of a polymerizable component 2 of an alkyleneglycol

bis-allylcarbonate component represented by the formula:

s
CH, =CCH, 0CO-R, 0CO--nCH, C=CH, (2)

vherein -Rs stands for a hydrogen atom or a methyl group,
-0R; for a dihydric alcohol residue having 1-10 carbon
atoms, and n for an integer of 1-10 and a polymerizable

component 3 of a vinyl compound represented by the formula:



conpri sing di et hyl -ally carbonate, benzyl nethacryl ate and
di al lyl isophthala UNNARY OF THE | NVENTI ON Accordingly, it is
an object of the present I nvention to pro®ide a new type cast resin
suitable for optical use excellent in transparency and refractlve I ndex as
wel | as havi ng high nechanical strength, solvent-resi
weat herability. Qher and further objects, features aﬂxﬁ‘§d§%‘fc’ é§ B@FN
present invention wis | bdtone apparent nmore fully fromthe fﬁiﬁ
description. Accordi o the present invention, there is

/N
R oot —< O 3)

gI;coI bis-allyl mas ggﬁt EP- A-0 082 204 discloses a plastic | ens having
a high refractlve aygih¥ eedt 1. 54 prepared fromthe terpol yner

tlhe

H

vherein one of Rs and R¢ stands for a hydrogen atom and the
other for a grouping:

’ﬁOCH=_@—Y

0

and X and Y are the same or different and stand for a
hydrogen atom or a halogen atom other than a fluorine atom.

DETAILED DESCRIPTION OF THE INVENTION

In acco;dance with the present invention, the
polymerizable component 1 of diallylphthalate component
representéd by the formula:

Ry O 0 0 0 Ry
CH2=(‘3CHZOPI : -(-Rgf)lcl . -)-mCHz]C=CH,_ 3
wherein ~-R, stands for a hydrogen atom or a methyl group,
-0R, for a dihydric alcohol residue having 1-5 carbon
atoms, and m for an integer of 0-20, is polymerized or
copolymerized with the polymerizable component 2 of
alkyleneglycol bis-allylcarbonate represented by the
formula:

I N o
CH, =CCH, 0CO-R 0C0H-nCH, C<CH, @



provided a cast resin for optical use obt ai ned by polynerizing 40 - 90 % by
wei ght of a polynerizabl e conponent of a diallylphthal ate conponent
represent ed by t h&hkShestilaaB l(thereln [err] stands for a hydrogen atom
or a nethyl group, hydri c al cohol residpge~haw-ng..l=5._ carbon
atons, and m for an Hmum T rr] - Substitute shpétiS SHESeHAS BEey 11997
-B6A- wherein the fractlon o sai d conponent 1 where nf0 ra A@mpn120 70 %
by wei ght, where m= 1 ranges from 20-40 % by wei ght,
from1-20 % by wei ght,  where n¥3 ranges from 0-20 % by wei ght, where m:4
ranges from Ovhér%myﬁqv\mtghd$ fiwreree hdzoBen aalepss oftr anmethn %mﬂi’wel ght, and
where 6 [err] m [err] 20 ranges from0-10 % by wei ght;

-0R, for a dihydric alcohol residue having 1-10 carbon

atoms, and n for an integer of 1-10.
In accordance with the present invention, the
polymerizable component 3 of vinyl compound represented by

the formula:

H
R/
/C-C

0

wherein one of Ry and Rg stands for a hydrogen atom and the

other for a grouping:

”ﬁ""”z'@-v

and X and Y are the same or different and stand for a
hydrogen atom or a halogen atom other than a fluorine atom,
may be polymerized or terpolymerized with the
abovementioned components 1 and 2.

In the formula (1) of the polymerizable component
1, -OR. should be a dihydric alcohol residue having 1-95
carbon atoms, If the number-of carbon atoms.exceeds 5, the
heat-resistance and the refractive index of he resultant
polymer will be deteriorated. As to the degree of

polycondensation of the polymerizable component 1 wherein m



wifh 10-60 % by wei ght of a pol ynerizabl e conponent 2 of an al kyl enegl ycol
bi s- aIIyIcarbonatéhm B&mR ented by the fornula: [err] [err]
Substitute sheet 997 8A - wherein the fraction of said
conponent 1 where 20-70 % by wei ght : s
from 20-40 % by melg L' 5 rangéd From 1- 20 1940y &S, BRBNef e m=3
ranges from 0-20 % by melght where n¥4 ranges fromj0-15 BBRUWCERi ght ,| where
m= 5 ranges fromO0-10 % by weight, and where 6 [err] mTJ[err] 20 Tanmyges
fromO-10 % by weight; is polynerized or copolynerized with the

pol ymeri zabl e o ?r@f;@%%% ?jf Y-loyl epgal yblatlivi- 8k ¥t sanponate represented

by the fornula
polycondensation so far as the number of m is an integer of

A=

0-20, Since exact comtrol of the moleculer weight is
difficult in case of preparing the above polymerizable
component 1 by transesterification, a mixture of the
component 1 each having a definite distribution of the
moleculer weight can conveniently be used in the present
invention unless the number of m exceeds 20. In order to
remarkably improve the impact-strength, refractive index
and viscosity of a resin to be co- or terpolymerized, the
distribution of the molecular weights may preferably be as
follows:

20 - 70 ¥ by weight of m=0, 20 - 40 § by weight
of m=1, 1 - 20 ¥ by weight of m=2, 0 - 20 % by weight of
m=3, 0 - 15 ¥ by wveight of m=4, 0 - 10 ¥ by weight of m=35,
and 0 - 10 § by weight of 6SmnS20. If the value of m in
case of zero is lower than 20 ¥ by weight, the viscosity is
remarkably increased, thus not being prefrrred, whereas in
excess of 70 § by weight, the impact-resistance of a resin
to be copolymerized or terpolymerized will be deteriorated.
On the other hand, if the value of m in case of at least 6
but not greater than 20 exceeds 10 % by weight, the
viscosity of a resin to be copolymerized or terpolymerized

vill become extremely high.



Substitute sheet - 2 Septenber 1997 -7A- wherein the fraction of said
conponent 2 where n = 1 ranges from 20-60 % by wei ght, where n = 2 ranges
from 25-40 % by wei ght, where n = 3 ranges from5- 25 % by wei ght, where
n=4 ranges from 1-20 % by weight, and where 5 [err] n [err] 10 ranges from
0-15 % by weight. According to the preseht tnvention;, there is provided a
cast- resin for optical use obtained by polynerizing 40-89 % by wei ght of a
pol ymeri zabl e conponent 1 of a diallylphthalate conponent represented by
the forrmula [err] REPLACEMENT SHEET [err] wherein - [err] stands for a
hydr ogen atom or a net iyl pgepamationOBZ the poldimeydrableal coirmnendsildue
having 1-5 carbon atoms, and mfor an integer of 0-20 wherein the fraction
of said conpopgptexhmpller 8181 iy D prahaaatébr pen sifhje t¥d byo wei ght,,

transesterification with dihydric alcohol in the presence

of a catalyst preferably at 50 - 200 C for 2 - 1Z hours.

In order to set the distribution of m in the range as

mentioned above, the amounts of the feed materials,

temperatures, time periods and pressure are appropriately

set to therby readily prepare the polymerizable component

1. The examples of diallyl phthalate include diallyl

phthalate, diallyl isophthalate and diallyl terephthalate.

On the other hand, the examples of dihydric alcohol include

ethylene glycol, propylene glycol, 1,3-propanediol,

1,4-butanediol, 1,3-butanediol and neopentyl glycol.

Illustrative of the above catalyst for the

transesterification reaction are, for example, an alkaline

catalyst such as potassium hydroxide, sodium hydroxide, and

a sodium lower alkoxide, a calcium compound such as calcium

hydroxide, a magnesium compound such as magnesium chloride,

a zinc compound, such as dimethyl zinc or zinc chloride, a

cadmium compound such as cadmium chloride, a titanium

compound such as titanium tetrachloride, a germanium

compound such as germanium oxide, a tin compound such as

dibutyl tin oxide or stannic chloride, a lead compound such

as lead acetate, a manganese compound such as manganese



where m= 1 ranges from 20-40 % by wei ght, where m= 2 ranges from 1-20 %
by weight, where m= 3 ranges from0-20 % by wei ght, where m= 4 ranges
Subst i t ut ghis$ieetas B&n e@hber 1997 - 7B - 0-15% by wej ght.. where

from
m=5 ranges from O- and where 6 [er $n { AR @eEMiges from
0-10 % by wei ght; w Y i%a

bi's y

le wei ght 18f —a pol mpongnt 2 of
an al kyl enegl ycol -a carbonat e conponent represe Yt or mul a:
[err] wherein - R4 stands for a hydrogen atomor a nmethyl group, - [err].
for a di hydric al cohol residue having 1-10 carbon atons, and,n Lor, n
i nteger of 1- HFdowpdeei and ANtEmABY| SPMRFUNLSYCR oRD OB YWIELBN HOELCE ¢+ anges
from20-60 % by weight, where n = 2 ranges from 25-40 % by wei ght, where n
= 3 ranges from5- 25 %Wlmn weiaghing whiwrld yl=4spphthslftromith2ethy bgneawi ght ,

and where 5 < n [err] 10 ranges from 0-15 % by weight; -

glycol, the above transesterification reaction can be

examplified according to the following reaction formulas:

0
1 | :
mt 1 CHz =CCHz m 2 CH=CH2 +m (HmHz CHz OH ) —_>

0 0 0 0
AN i [
CH, =CHCH, 0C -CH, CH; @{0—},,0}12 CH=CH, + In CH,=CHCH,OH

vherein m stands for an integer of 1 - 20,

In the formula (2) of the polymerizable component
Z, -0R, should be a dihydric alcohol residue having 1 - 10
carbon atoms. If the éarbon atoms exceed 10, the heat
resistance of the resultant resin will become inferior. As
to the degree of polycondensation of the polymerizable
component 2 of the formula (2) wherein n is an integer of 1
- 10, no limitation exists in polycondensation so far as
the number of m is an integer of 1 ~ 10. Since exact
control of the molecular weight is difficult in case of
preparing the above polymerizable component 2 by
trénsesterification, a mixture o; the component 2 each
having a definite distribution of the molecular weight can
conveniently be used in the present invention, just like

the case of the polymerizable component 1, unless the



and a pol yneri zabl e conponent 3 of a vinyl conpound represented by the
formul a REPLACENE%T
[err] wherein one

grouping: [err] aiﬁﬁ

§H§EJeLe r Substitute sheet - 2 Septenber 1997
T %Iﬁﬁe for a hydrogen atomand the other for a
the same or differ t a
Mru ot her thagd a fl uorli nésggggl&ﬁg{iggt

A4

hydr ogen at om or H
DESCRI PTI ON OF THE | NVENTI ON I n accordance with the_pre entign, the
pol ynmeri zabl e conponent 1 of diallylphthalate conponent represented by the
formul a: '

number of n exceeds 10. In order to remarkably improve the
impact-strength, refractive index and viscosity, the
distribution of the molecular wveights is preferably as
follows:

20 - 608 by weight of n=1, 25 -~ 40% by weight of
n=2, 5 - 25% by weight of n=3, 1 - 20% by weight of n=4,
and 0 ~ 15% by weight of 5Sns10,

In prepardtion of the polymerizable component 2,
for exdmple diall}%%rbonate is subjected to
transesterification with dihydric alcohol in the presence
of a catalyst preferably at 50-200°C for 2-12 hours. 1In
order to set the distribution of m in the range as
mentioned above, the amounts of the feed materials,
temperatures, time periods and pressure are appropriately
set to therby readily prepane the polymerizable component
2. The examples of the dihydric alcohol include ethylene
glycol, propylene glycol, 1,3-propanediol, 1,4-butanediol,
1,3-butanediol, neopentyl glycol, diethylene glycol and
dipropylene glycol. The same catalyst as mentioned above
in terms of the polymerizable component 1 may be used.

As mentioned above, the polymerizable component 3
may be polymerized or terpolymeried with the components 1
and 2. Illustrativé of the polymerizable component 3 are,

for example, fumarate compounds such as dibenzyl fumarate,



[err] wherein [err] stands for a hydrogen atomor a methyl group, [err] for
a di hydric al cohol residue having 1-5 carbon atons, and mfor an integer of
[err] [err] Substitute sheet - 2 Septenmber 1997 - 12 - dioxide, and

anti nony conmpound such as antinony trichloride. When reacting diallyl

| sophthal ate with ethyl ene glycol, the-abéve transesterification reaction
can be exanplified according to the followi ng reaction fornulas: [err]
wherein mstands for an integer of 1 - 20. In the formula (2) of the

pol yneri zabl e conponent 2, [err] should be a di hydric al cohol residue

having 1 - 10 . _
bis-{2-chlorobenzyl)fumarate, bis(4-chlorobenzyl)fumarate,

bis- (4-bromobenzyl)fumarate and bis{2-bromobenzyl)fumarate;
and maleate compounds such as dibenzyl maleate,
bis{2-chlorobenzyl)maleate, bis(4-chlorobenzyl)maleate,
bis{4-bromobenzyl)maleate and bis(2-bromobenzyl)maleate.

In accordance with the invention, the
polymerizable component 1 is copolymerized with a given
propbrtion of the polymerizable component 2. The
proportion of the polymerizable component 1 is limited to a
range of 40-90% by weight based on the total polymerizable
components. If the proportion of the polymerizable
component 1 is less than 40% by weight, the reaultant resin
will become inferior in refractive index, If the
proportion exceeds 890% by weight, the resultant resin will
become poor in impact-strength and color hue, On the other
hand, the proportion of the polymerizable component 2 is
also limited to a range of 10-60% by weight of the total
polymerizable components. If the proportion of the
polymerizable component is less than 10% by weight, the
resultant resin will become iﬁferior in impact-strength,
color hue and adhesivity to a hard coat. In contrast, if
the proportion exceeds 60% by weight, the resultant resin
w;ll be increased in refractive index.

In accordance with the invention, the



catbon atons. |If the carbon atons exceed 10, the heat resistance of the

resultant resin will becone infe&for. As to the degree of polycondensation
of . t he pol yneri zalss $he 13205f the fornul a (anmherein n_is an integer
of 1 - 10, no Iirriﬁ“mT i n pol ycondensati ohT8IS $REETagAS MEEEUNDer of
mis an integer of exact -coftrol of ghe nygj werght is
difficult in case of preparing the above polyneriz

transesterification, a mxture-of the conponent 2 each having a definite

Fust 1iKe ¢ nePQuult abIes ShndVeil 1| Ba) od 46A el yROF L PEE STYh, LL8  cevEnT

SHEET [err] proportions of the polymerizable components Z and 3. The
proportion of the polymerizable component 1 has to be
limitid to a range of 40 - 89% by weight based on the total
polymerizable components. If the proportion of the
polymerizable component 1 is less than 40% by weight, the
resultant resin will be reduced in refractive index. In
contrast, if the proportion exceeds 89% by weight, the
resultant resin will be inferior in impact-strength and
color hue. On the other hand, the proportion of the
polymerizable component 2 is limited to a range 6f 10 - 59%
by weight based on the total polymerizable components. If
the proportion of the polymerizable component 2 is less
than 10% by weight, the resultant resin will become
inferior in impact-resistance, color hue and adhesivity to
a hard coat. On the contrary, if the proportion exceeds
58% by weight, the resultant resin will be reduced in
refractive index. The amount of the polymerizable
component 3 is to be limited to a range of 1-30% by weight,
preferably 3-20% by weight in respect of color hue,
impqct-strength and heat-resistance. If the proportion of
the polymerizable component 3 is less than 1¥ by weight,
the resultant resin will become inferior in color hue and

impact-strength. In contrast, if the proportion exceeds



Substitute sheet.-.,2 enf.e 997 - 13 - nunber of n exceeds 10. In order
to remarkably i ﬁﬁiﬁﬂﬁﬁgﬂ strength, refractive index and vi scosity,
t he distribution 1 n)ar weights is prefe 0 70 -
60% by wei ght of by weight of n=2, 5 L5 Eg %‘h n=3,
1 - 20% by weight of n=4, and 0 - 15% byl@eirght of 5[err

preparation In preparatlon of the polymerizabl e conponent 2, exanple for
exapm e diaII rbonaLe s subj ect g to transes qr ficatiQ p ghhydric
al cohol in th s ¥gdEt ecaﬁe§|u§ ?"Brre?séﬂ’aﬂ’ﬂg ePeps L cﬁ“Q hours.
In order to set the dlstrlbutlon of min the range as nentioned above, the
anounts of theedleaesidstancey s, ~tenperatures, tinme periods and pressure are

appropriately

The above polymerizable components 1 and Z may
optionally be used conjointly vwith a vinyl monomer not
represented by the formulas (1), (2) and (3). Illustrative
of such vinyl monomer are, for example, aromatic vinyl
compounds such as styrene, p-methylstyrene, p-chlorostyrene,
a -methylstyrene, vinylnaphthalene and_divinylbenzene;
vinyl esters such as vinyl acetate, vinyl benzoate, allyl
benzoate and divinyl phthalate; acrylic or methacrylic
nonomers such as acrylic and methacrylic acids, glycidyl
acrylate and-methacryléte, methyl acrylate and methacrylate,
ethyl acrylate and methacrylate, isopropyl acrylate and
methacrylate, n-propyl acfylate and methacrylate, isobutyl
acrylate and methacrylate, sec-butyl acrylate and
methacrylate, n-butyl acrylate and ﬁ;thacrylate, allyl
acrylate and methacrylate, mathallyl acryiate and
methacrylate, vinyl acrylate and mathacrylate,
2-hydroxyethyl acrylate and methacrylate, 2-hydroxypropyl
acrylate and methacrylate, cyclohexyl acrylate and
methacrylate, phenyl acrylate and methacrylate, benzyl
acrylate and methacrylate, naphthyl methacrylate,
ethyleneglycol diacrylate and dimethacrylate,

diethyleneglycol diacrylate and dimethacrylate,



set to therby readily prepane the pol ynerizabl e conponent 2. The exanpl es
of the dihydric al cohol include ethylene glycol, propylene glycol,

1, 3- propanedi ol , 1, 4-butanédiol, 1, 3-butanediol, neopentyl glycol,

di et hyl ene gl ycol and di propyl ene glycol. The sane catal yst as nenti oned
above in terns of the polynerizable compdifent 1 may be used. As nentioned
above, the polynerizable conponent 3 may be polynerized or terpolyneried
with the conponents 1 and 2. Illustrative of the polynerizable conmponent 3

are, for exanyrdethylenégkyssimpernliste i aetihbenkate f umar at e, REPLACEMENT

SHEET 27 SEP 1997 Substitute sheet - 2 Septenber 1997 - 10 - ol ecul ar
Z2-hydroxy-3-phenoxypropyl acrylate and methacrylate,
3-acryloyloxyglycerol monomethacrylate, 2,2-bis-(acryloyloxy
-ethoxyphényl)propane, 2,2-bis- (methacryloyloxy-ethoxyphenyl)
propane, 2,2-bis-{acryloyloxy-diethoxyphenyl)propane, 2,2
-bis- (methacryloyloxy-diethoxyphenyl)propane, 2,2-bis-
[acryloyloxy {2’ -hydroxypropyloxy)phenyllpropane, 2,2-bis-
[methacryloyloxy (2’ ~hydroxypropyloxy)phenyllpropane,
2-acryloyloxyethyl succinic acid and Z-methacryloyloxyethyl
-succinic acid; and other unsaturated acids and esters
thereof such as diisopropyl fumarate, dicyclohexyl
fumarate, dibenzyl maleate, dibenzyl itaconate, dibenzyl
mesaconate, maleic anhydride and itaconic anhydride. These
vinyl monomers can be used singly or as a mixture. The
amount of this vinyl monomer is preferably less than 10% by
veight based on the total of the polymerizable components
and monomers. |

According to the present invention, the

polymerization of these polymerizable coﬁponents and
optionally the vinyl monomer can be .carried out
simultaneously. That is, a mixture of the polymerizable
components 1 and 2 or 1, 2 and 3 with one or more of tﬁe
vinyl monomers is incorporated with a curing agent to

prepare a polymerizable composition.



Si'nce exact control of the nolecular weight is difficult in case of
preparing the above pol yneri zabl e conponent 1 by transesterification, a
m xture of the conponent 1 each having a definite distribution of the
nmol ecul ar is nmol ecular weight is used in the present invention
unl ess the nunber of m exceeds 20. In ord®r—-to remarkably inprove the
| npact-strength, refractive index and viscosity of a resin to be co- or
terpol ynerized, the is distribution of the nolecular weights is as follows:
20 - 70 % by wei ght of TheO¢uring agent, byilvgalie n this qgase @Y% by wei ght
of m2, 0 - 20 % by weight of m=3, 0 - 15 % by weight of nm=4, 0 - 10 % by
wei ght of meSprefutradbly b &h yrgamiighbepbx BHderaviher a] 2Oupendturieeofal ue of m
in case of zero is |lower than 20 % by weight, the viscosity is preferred
not more than 120°C in a selected half life period of 10
hours. Preferable examples of such organic peroxide
include, for example, peracids, perhydroxy compounds and
peroxy ethers as well as azo-bis-nitriles. These compounds
are conventionally known and commmerically available.
Illustrative of the typical curing agent are, for example,
lauroyl peroxide, benzoyl peroxide, diisopropylperoxy
dicarbonate, di-n-propylperoxy dicarbonate, bis{(4-t
-butylcyclohexyl)peroxy dicarbonate, t-butylperoxy
isopropyl carbonate, t-butylperoxy benzoate,
1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane, azo-bis
~isobutyronitrile and mixtures of these.
The curing agent is used in an amount of 0.05-5%
by weight, preferably 0.1 - 4% by weight based on the total
amount of the polymerizable components and optionally the
vinyl monomers. If the amount of the curing agent is less
than 0.05% by weight, the amount will be insufficient for
polymerization so that the resultant resin will be inferior
in various physical properties. In contrast, if the amount
exceeds 5% by weight, control of the polymerization

reaction will become difficult so that the resultant resin

will tend to form cracks on the surface thereof.



remarkably increased, thus not being preferred, whereas in excess of 70 %
by weight, the inpact-resistance of a resin to be copolynerized or
terpolynmerized will be deteriorated. On the other hand, if the value of m
in case of at least 6 but not greater than 20 exceeds 10 % by wei ght, the
viscosity of a resin to be copol ymeri zéd& ~terpol ymerized will becone
extrenmely high. [err] Substitute sheet - 2 Septenber 1997 - 15 -

pol ymeri zabl el conponent 1 nay be terpolynmerized with given proportions of

the polynerizable conponggtso Buepdzabld f&u?’o@ﬁ@ﬁbhoﬂsoﬁlédﬁ_ﬁ nal ¥meslaabl e
conmponent 1 has to be limted to a range of 40 - 89% by wei ght based on the
total polynerigzahl ¢ caupePeifey shhpblgnd! WAYel! BPePérddy replacing

the air in the mold with an inert gas such as nitrogen,

helium, and carbon dioxide subjected to polymerization

preferably under heating.

In some cases, it is preferable that the
polymerizable composition is preliminarily heated desirably
at 30 - 70°C in a suitable vessel for prepolymerization to
form a prepolymer vwhich is then charged into the mold. The
temperature for effecting polymerization of the composition
varies according to the sort of the curing agent used, but
it is generally within the range of 20.- 130°C. Further,
the polymerization of the composition is slowly carried out
preferably at a temperature by 20°C 1lower than the
temperature in a half life period of 10 hours of the curing
agent usea. The temperature may be elevated properly for
shortening the curing time or for treating any unreacted
monomer. The polymerization time at a temperature above
recommended is preferably within a period of 5-48 hours.

The cast resin thus abtained can directly be used
for an optical article aimed at. Since the resin
obtainaBle by the above heat polymerization involves
internal strain due to heat, the resin may preferably be

annealed at a temperatdre of 110 —'i4013, desirably 110 -



pol'yneri zabl e conponent 1 is | ess than 40% by wei ght, the resultant resin
W ll be reduced in refractive index. 1In contrast, if the proportion
exceeds 89% by weight, the resultant resin will be inferior in

I mpact -strength and col or hue. On the other hand, the proportion of the

pol yneri zabl e conponent 2 is limted te @orange of 10 - 59% by wei ght based
on the total polynerizable conponents. |If the proportion of the

pol ynmeri zabl e conponent 2 is |ess than 10% by wei ght, the resultant resin

hard coat. OnIPRE CE PaPYrird TRER Rodsretond dkdues 28 BloRET T, Che
ol yrer | 2abl 6 CEBMBHENET PePeEiak 48  foft FEUER ange of 1- 3096 by vei ght
preferably 3-20% by weight in respect of color hue, inpact-strength and
heat -resi stance. |f thdpenopbetnomisctune pblthegasibresébnpondiie 30 s | ess
than 1% by weight, the resultant resin will becone inferior in color hue
and optical elements, the polymerizable composition or a

viscous prepolymer thereof may be incorporated, if desired,

with one or more of the various additives for enhancing the

utility of the optical elements. Examples of such

‘additives include coloring substances such as dyes and

pigments, various protecting agents such as UV-absorbing

agents, various stabilizers such as antioxidants,

antistatic agents, photochromic agents, optical brightening

égents, mold-releasing agents, and the like. These

substances ére vell known and can be used in combination in

an amount adequate for the desired purpose.

Furthermore, the cast resin may be provided on

the outer surface thereof with a hard coat film to enhance

the anti-abrasive properties of the surface. Moreover, a

primer layer may be interposed between the surface of the

resin and the hard coat film to improve aéhesivity of the

resin to the hard coat film. In order to apply a hard

coating agent onto the outer surface of the resin to

provide the surface with a hard coat film, the resin

comletely hardened and annealed is firstly coated with a

primer solution and then with a hard coating agént



i mpact-strength. In contrast, if the proportion exceeds REPLACEVENT SHEET
27 SEP 1997 Substitute sheet - 2 Septenber 1997 - 16 - 30% by wei gt h,
the resultant resin will becone inferior in heat-resistance. The above
pol ymeri zabl e conponents 1 and 2 nay optionally be used conjointly with a
vi nyl nononer not represented by the fergalas (1), (2) and (3).
[l1lustrative of such vinyl nononer are, for exanple, aromatic vinyl
conpounds such as styrene, p-nethylstyrene, p-chlorostyrene, [err]
- met hyl styrene, vinyl napht hal ene and divjnylbenzgng; vi nyl eshers such as
vinyl  acet at e, 3GFORGRNB ek Fatkdova FORY SRRl DERROH: ISR 1eX3RPASE ab¥;
acrylic or nethacrylic . .

wvay of dipping, spin-coating, flow-coating, spraying and

the like method. It is also possible to provide the

surface of the cast resin with a reflection-preventing film

to inhibit the surface reflection on the surface of the

optical elements thereby increasing the transmission rate

of visible light.

The cast resin for use in optical elements thus

obtained has a refractive index as high as 1.53 or more,

preferably 1.53 ~ 1.58 and an Abbe’s number of at least 30,

preferably 30 ~ 45 and is colorless and transpareht, and

moreover excellent in impact-strength, heat-resistance and

adhesivity to a hard coat film. The cast resin of the

present invention is thus useful in the fields of lens

industries for manufacturing, for example, eye glasses,

optical elements for various industries, and resinous

plates of a high refractive index for various industries.

EXAMPLES OF THE INVENTION

The present invention will now be illustrated
more in detail by way of examples and comparative examples.

Example I-1

-

A polymerizable composition was obtained by
mixing 7 g of a polymerizable component represented by the

following formula (4), with 3 g of.a polymerizable



nmohonmers such as acrylic and nmethacrylic acids, glycidyl acrylate and
nmet hacryl ate, nethyl acrylate and nethacrylate, ethyl acrylate and
net hacryl ate, isopropyl acrylate and nethacrylate, n-propyl acrylate and
nmet hacryl ate, isobutyl acrylate and nethacryl ate, sec-butyl acrylate and
nmet hacryl ate, n-butyl acrylate and nethagRytate, allyl nethallyl acrylate
and net hacryl ate, mathallyl acrylate and nethacryl ate nethacryl ate, vinyl
acrylate and mat hacryl ate, 2-hydroxyethyl acrylate and net hacryl ate,
2-hydroxypropyl acrylate and nethacrylate, cyclohexyl acrylate and
met hacr yl at e, copemen taceyt esentedd byet hackol lavdngbénryulaciB),aradafd?
nmet hacryl ate, napht hyl nethacryl ate, ethyl eneglycol diacrylate and
di met hacryl atg,ofliddtikypespgl yeloxgdidacay aisteand THenpesalradtat e, REPLACEMVENT
SHEET 27 SEP 1997
composition was charged into a mold composed of 2 plates of
glass (using an ethylene acrylate gasket), polymerized at a
curing temperature of 40°C for 1Z hours in a thermostatic
oven maintained at 40°C, then elevated the temperature up
to 80°C over 6 hours and thermally polymeried at 80°C for 2
hours whereby copolymerization of the two copolymerizable
components was effected. After completion of the
copolymerization, the cured resin was released from the
mold and it was subjected to an annealing treatment

conducated at 120°C for 2 hburs.

PN
CH, =cacnzm@-co+au,oc@m+mCHzcn=CHz )

(Distribution of m: m=0 --- 64 % by weight, m=l -+-31 § by

wveight, m=2 +++ 4 % by weight, and m=3 <+-+ 1 % by weight).

f I
CH, =CHCH, 0CO~C-CH, CH, OCH, CH, 0CO-)-nCH, CH=CH, (B)

(Distribution of n: n=1 --+ 52 ¥ by weight, n=2 ---36 % by

veight, n=3 +++ 8 ¥ by weight, and n=4 -+ 3 % bﬁ weight).
The resultant cured resin was then subjected to a

surface treatment using a 5% by weight solution of caustic

soda, and a coating ligquid comprised predominantly of



- 13 - [err] nunber of n exceeds 10. In order to remarkably inprove the

| npact-strength, refractive index and viscosity, the distribution of the
nmol ecul ar weights is preferably as follows: 20 - 60% by wei ght of n=1, 25 -
40% by wei ght of n=2, 5 - 25% by weight of n=3, 1 - 20% by wei ght of n=4,
and 0 - 15% by weight of 5[err]n[err]10.2Bn-prepardtion of the

pol yneri zabl e conponent 2, for exdnple diallyarbonate is subjected to
transesterification with dihydric alcohol in the presence of a catalyst

SCEE R NCHRONRT O SO ERTC TR
resin according to a dipping method. After application of
the coating liquid, the coated resin was heated at 110°C
for 90 minutes in a dryer for drying.

The cured resin further provided with a hard
coating film was coated on fhe surface thereof with Si0,,
Zr0., Al;0; and Si0, films in the written order by way of
vapor deposition in argon plasma under pressure of 10~°
Torr to prepare a resin with a reflection-preventing film.
The resultant resin was then tested for evaluatioan of
various physical properties, a result of the test being
shown in Table 3 below. By the way, the following testing
methods were carried out for evaluation of the various
properties.

Refractive index (Abbe’s number) : measured
according to an Abbe’s refractometer.

Impact-resistance : A 68 g steel ball was
dropped from a height of 127 cm to the cured resin plate of
1.8 mm in thickness whereupon the plate not broken is
arbitrérily.marked as o while the broken one is marked as x.

Heat-resistance : A sample of the resin vas
allowéd to stand in a dryer kept at 130°C for 2 hours
whereupon the sample not showing any change such as

deformation, crack and coloration is marked as o while the



tenperatures, time periods and pressure are appropriately set to therby
readily prepane the polynerizabl e conponent 2. The exanples of the dihydric
al cohol include ethylene glycol, propylene glycol, 1,3-propanediol,
1, 4- but anedi ol , 1, 3-butanedi ol, neopentyl glycol, diethylene glycol and
di propyl ene glycol. The sanme catal yst as2femntioned above in ternms of the
pol yneri zabl e conponent 1 may be used. As nentioned above, the
pol ymeri zabl e conponent 3 may be pol ynerized or terpolyneried with the
conponents 1 and 2. Illustrative of the polynerizable conponent 3 are, for
exanpl e, funarsdmpleonpdengsimicuchschahenzid mhokadate, x. - 14 -
bi s- (2-chl orobenzyl ) fumarate, bis(4-chlorobenzyl)fumarate,
bi s- (4- bronobenzyl ) f unagpéei fird ghas{ Oy br orsallenyted ufbdmithe aadionbtat e
conpounds such as di benzyl nul eate,

the weight of the resin to the volume of the resin

according to the water-substitution method.

Solvent-resistance : A sample of the resin wvas
alloved to stand in acetone for 2 hours whereupon the
sanple not showing any change such as deformation, crack
and coloration of the resin is marked as o while the sample
undergoing such change is marked as x.

Adhesivity of the hard coating film : After a
sample of the resin had been immersed in warm water of 80°C
for 48 hours, the surface of the resin {lens) was cross-cut
to form 100 squares thereon and the adhesion-peeling test
vas repeated for 5 times using "Cellulose Tape” (Nichiban,
Japan) whereby the number of squares not peeled off was

counted.

Examples I-2 -I-15

The polymerization and the formation of a hard
coat film and a reflection-preventing film were carried out
in the same manner as illustrated in Example I-1 except
that diallyphthalate components shown in Table 1 and
alkyleneglycol bisallylcarbonate components shown in Table
2 vere used to prepare polymerizable compositions shown in

Table 3. Various physical properties of the resultant



bi S(2-chl orobenzyl ) nal eat e, bi s(4-chl orobenzyl) nal eat e,

bi s(4- bronobenzyl ) mal eate and bi s(2- bronobenzyl ) mal eate. I n accordance with
the invention, the polynerizable conponent 1 is copolynerized with a given
proportion of the polynerizable conponent 2. The proportion of the

pol yneri zabl e conponent 1 is limted to &5range of 40-90% by wei ght based
on the total polynerizable conponents. |If the proportion of the

pol ynmeri zabl e conponent 1 is |ess than 40% by wei ght, the reaultant resin
wi |l becone inferior in refractive index. |f the proportion exceeds 90% by

vei ght, the resplipdtydr@SieRaMibtedfOMRsBPObed Nl EXAGpIet [ehgtd mudileol or
hue. On the other hand, the proportion of the polynerizable conponent 2 is

also limted tQFawﬁPaQ%sOfshwﬁg?%’ﬁ%ﬁl‘@ehgml@c;. the total polynerizable

conponents. |If "the proportion pol'ynmer i zabl e conponent is | ess than

10% by wei ght, -the resyltant resin will becone inferior in inpact-strength,
col or hue and f o0 a hard coat. In contrast, if

A polymerizable composition was obtained by
nixing 6 g of a polymerizable component represented by the
following formula (C) and 3 g of a polymerizable component
represented by the following formula (D) with 1 g of
dibenzyl fumarate as the vinyl compound énd 0.2 g of
diisopropyl peroxydicarbonate as a polymerization catalyst.
The resultant polymerizable composition was subjected to
polymerization and worked up in the same manner as
illustrated in Example I-1,

- The resultant cast cured resin-was then tested
for evaluation of various physical properties. The testing
nethods adopted were the same as in Example I-1. 4 result
of the test is shown in Table 4.

PSRN
CH. =CHCH7.OC‘@—CO-€C¢ 1, 0C “mCH, CH=CH, ©

(Distribution of m: m=0 --- 64 $ by weight, m=1 ---31 % by

veight, m=2 --- 4 § by weight, and =3 -+ 1 ¥ by weight).
I ﬁ'

CH, =CHCH, OCO-E-CH,, CH, OCH, CH, 0C0-3-nCH, CH=CH, (D)

(Distribution of n: n=1 *+- 52 % by veight, n=2 ---36 % by



t he proportion exceeds 60% by wei ght, the resultant resin wll be increased
in refractive index. In accordance with the invention, the - 15 -

pol ynmeri zabl el conponent 1 nay be terpolynmerized with given proportions of
t he pol yneri zabl e conponents 2 and 3. The proportion of the polynerizable
conponent 1 has to be linmitid to a range26f-40 - 89% by wei ght based on the
total polynerizable conponents. If the proportion of the polynerizable
conponent .1 is |less than 40% by weight, the resultant resin will be reduced
in refractive index. In contrast, if the proportion exceeds 89% by wei ght,
the resultant rasightyi hk3be- i 1§ & ber vedghtpanid stdengt h3 ahbcaledghhlie. On
the ot her hand, the proportion of the polynerizable conponent 2 is limted

to a range of IfampiQ% M-2 - H-15

The polymerization and the formation of a hard
coat film and a reflection-preventing film were carried out
in the same manner as illustrated in Example I;l except
that polymerizable compositions as shown in Table 4 were
used. Various physical properties of the resultant resins
vere evaluated as described in Example I-1, a result of
which is shown in Table 4 below.

Comparative Examples 1 - 11

The resins were prepared in the same manner as
illustrated in Example I-1 except that the polymerizable
components as shown in Table § below were used. Various
physical properties of the resins were evaluated as
described in Example I-1, a result of which is shown in
Table 5.

The abbreviations used in the Tables 3 - 5 mean
the following structural formula, the following compounds
and the abbreviations of the compounds listed in Tables 1
and 2 :

DBzF : Dibenzyl fumarate

DBzM

: Dibenzyl maleate
BCBF : Bis-{(2-chlorobenzyl) fumarate
BCBY : Bis-{2-chlorobenzyl) maleate



by wei ght based on the total polynerizable conponents. If the proportion of
t he pol yneri zabl e conponent 2 is |less than 10% by wei ght, the resultant
resin will becone inferior in inpact-resistance, color hue and adhesivity
to a hard coat. On the contrary, if the proportion exceeds 59% by wei ght,
the resultant resin will be reduced i m Rdfractive index. The anount of the
pol yneri zabl e conponent 3 is to be limted to a range of 1-30% by wei ght,
preferably 3-20% by weight in respect of color hue, inpact-strength and
heat -resi stance. If the proportion of the polynerlzable conponent 3 is |ess

than 1% by weight, the resultant resin w | becone inferior in color hue
and i npact - st rengtBBBHI n cBms‘r%‘tbrqmbb?hEYb)r |8n exceeds [err] - 16 -
MEA : Methyl methacrylate

ADC : Diethyleneglycol bisallylcarbonate

DAIP : Diallyl isophthalate

BMEPP: The compound represented by the following
chemical formula : |

CH,
= CO0CH, c——/_\\_/\ P

=?cooc11,c11, &—/\/

CH,

BzMA : Benzyl methacrylate

BPQ

: Benzoyl peroxide
IPP : Diisopropyl peroxydicarbonate
NPP : Di-n-propyl peroxydicarbonate
TCP : Bis(4-t-butylcyclohexyl) peroxydicarbonate

TPB : t-Butylperoxy benzoate

TPI :t-Butylperoxy isopropyl carbonate.



30% by weigth, the resultant resin will becone inferior in heat-resistance.
The above pol yneri zabl e conponents 1 and 2 nmay optionally be used
conmjointly with a vinyl nonomer not represented by the fornulas (1), (2)
and (3). Illustrative of such vinyl nononer are, for exanple, aromatic

vi nyl conpounds such as styrene, p-nmethyl28yrene, p-chlorostyrene,

a- net hyl styrene, vinylnaphthalene and di vi nyl benzene; vinyl esters such as
vi nyl acetate, Hgt 3enzo§hg allyl benzoate and divinyl phthal ate;
acrylic or %I rs such as acrylic and nethacrylic acids,

gl yci dyl acrylate and net hacryl ate, methyl acrylate and nethacryl ate, ethyl
acryl ate and nethacrylate @sopropyl acrybate ang net hacryl ate, n-propyl
acrylate and nethacryl ate, §sop tyl acryl& Hnethac | ate, sec-butyl
acryl ate and neth&e @Heocﬁﬁ }‘ atEl =9 Hay|
acrylate and nethacryl ate acrylat and nethacrylate vi nyl

acryl ate and mat hacryl at e,

Abbreviation R: Proportion (wt.$%)
31
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2- hydroxyet hyl acrylate and nethacryl ate, 2-hydroxypropyl acrylate and

nmet hacryl ate, cycl ohexyl acrylate and nethacryl ate, phenyl acrylate and
nmet hacryl ate, benzyl acrylate and nethacryl ate, napht hyl nethacryl ate,

et hyl enegl ycol diacrylate and di net hacryl ate, diethyl eneglycol diacrylate
and di net hacryl at e, - 17 - triethylend§l ycol acrylate and nethacryl at e,
2- hydr oxy- 3- phenoxypropyl acrylate and nethacryl ate, 3-acryl oyl oxygl ycerol
nononet hacryl ate, 2, 2-bis-(acryl oyl oxy -ethoxyphenyl) propane,

2, 2-bi s- (et hacryl oyl oxy- et hoxyphenyl ) propane,

2, 2- bi s- (acryl oyl oxy-di et hoxyphenyl ) propane, 2,2

- bi s- (et hacryl oyl oxy- di et hoxyphenyl ) propane, 2, 2-bi s-

[acryl oyl oxy( 2 Thw & exypr gpy! oxy) phenyl | propane, 2, 2-bi.s-

[ met hacryl oyl oxyg@ntin@uoxypr opyl-oxy) phenyl ] propane,

0 o
I I | I
CH,=CHCH, 0¢—0 >— CO(R,0¢—~<0>—C0) m CH,CH=CH,

Abbreviation R, Proportion (wt.%)
PDATP—-2VL | C.H, 64
31

PDATP—-3VL | CH,

M

CHCH,

PDATP-3L CH,

2 R

AUIR-JOURO N O MU 0 O -3 N 1N = b

CHCH.: -

PDATP—-2M C.H,

N W

PDATP-3M CH,
CHCH,

o
»wmwoipaNwomﬁwNHowNHomNHoB
@)
[l NS N W
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2-acryl oyl oxyet hyl succinic acid and 2-nethacryl oyl oxyethyl -succinic acid;
and ot her unsaturated acids and esters thereof such as diisopropyl
fumarate, dicyclohexyl fumarate, dibenzyl mal eate, dibenzyl itaconate,

di benzyl nmesaconate, nal ei c anhydride and itaconic anhydride. These vinyl
mononers can be used singly or as a mixt®&.~ The anount of this vinyl
nmononmer is preferably |less than 10% by wei ght based on the total of the
pol ymeri zabl e conponents and nononers. According to the present invention,
t he polynerization of these polynerizabl e conponents and optionally the

vi nyl .nononer can be carried out sinultaneously. That is, a mxture of the
pol yneri zabl e conponents 1 and 2 or 1, 2 and 3 with one or nore of the
vinyl mononers [ gl pcoepordted with a curing agent to prepare a

pol ymeri zabl e conposition.

I I
CH,=CHCH,OCO(R,0CO) n CH,CH=CH,

Proportion (wt.%)
52

Abbreviation R,
PADC'—ZL CzHQOCqu

w
2]

PADC-3L | CH, CH,;

l l
CHCH,OCHCH,

PADC—ZM CquOCqu.
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- 18 - The curing agent utilizable in this case may preferably be an

in a sel ected

Pref erabl e exanpl es of such organi c peroxide

per aci ds,

life period of 10 hours.

i ncl ude,

wel |

organi ¢ peroxide having a tenperature of not nore than [err]
hal f

for

curing agent are,

lare conventional Iy known and

S

per hydr oxy compounds and peroxy ethers as
Il1lTustrative of the pypica

These conpound

for exanpl e,
as azo-bis-nitriles.

commerically avail abl e.

)

.mmva 3]
c c c o
o &, anuﬂ,-.uoqwumzm Comp. (g) | Curing Agent (g) | Curing Temp | Refractive| Abbe’s | Impact- | Heat- .G, Solvent- | Adhesivity to
= = - (T) index number | strength | resistance resistance | hard coat film
OIol | PDAIP~2VL (7)1 IPP (0. 2) 40 1.5651 3s o) o) 1. 272 o) 100
coC | PARC-2H (3)
L2 |PBAJP~-3VL (8)|IPP (0. 2) 40 1.556| 37 o o 1. 266 o 100
X X | PAIC—2H (2) X
- 1=3 [PDAIP—4VL (4)|[NPP (0. 2) 40 1.632] 41 6) o) 1. 297 ) 100
0 S olParc-2M  (8)
SIS PBATIP~2L  (9)[NPP (0. 2) 40 1.562| 386 6) o) 1. 257 o 100
O > CI|P R -2 H (1) :

Iosc|l®eDAIP-8L (5)[BPO (0. 1) 70 1. 538 40 [} ) 1. 288 o) 100
Wmm PEFC-2M  (5) .
PI6. [PPAIP-2M  (4)[BPO (0. 1) 70 1.631] 41 o o 1. 295 6 100
L > X|®PEDC—-2M (6)

E7_|®PDAIP-3M (7)|TCP (0. 3) 40 1.646] 39 o) o) 1. 269 6 100
s Sl RpCc—-3L (3)
.mmﬁﬂ%ﬁwmmlnm (8)Y{TCcp (0. 3) 40 1. 5571 37 o) ) 1, 2565 ) 100
<. |RADC—2L (1) _

-9 [ PHATP—-2VL (6)| TPB (0. 3) 100, 1. 641 39 [¢) o 1. 281 ) 100
b PA&BC-2H (4) _

=10 JPDATP-3VL (7)|TPB (0. 3) 100 1.551| 38 o 0 1. 270 0 100
@mo..mm (3)

PRI | PBATP-3L (5)|[TPI (0. @) 100 1.538( 40 o) /6) 1,287 o) 100
- . clPAmC—-2M (5) .
-mﬁﬁﬂ%u>nwlmz (4Y[TPI (0. 3) 100 1.531| 41 o) ) 1. 294 o) 100

C = | PARC~3L (6)
pBIL|PRATP-3M (8)|IPP (0. 2) 40 1.537} 40 o] o) 1. 28686 0 100
P2 Fbamc-2L (5

KT wm;l:\r (MY|NPP (0. 2) 40 1.553] 38 s) o) 1. 2686 o) 100
S 10 %mgnur (2. 5)

P ° SlBZMA (0. 5)] . _
I o8 g1P—2M(5. 0)|TCP (0. 3) 40 1. 545 39 [¢) o 1. 285 0 100
P16 FPADC—2 L (4. 0)

C o > BMEPP (1. 0)

O X O = N
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pel ymeri zabl e conposition is prelinmnarily heated desirably at 30 -

in a suitable vessel

it is generally within the range of 26 33[err].

f

or

[err]

prepol yneri zation to forma prepol yner which is
then charged into the nold. The tenperature for effecting polynerization of
t he conposition varies according to the sort of the curing agent used, but

Furt her,

t

he pol yneri zati on

of the conposition is slowy carried out preferably at a tenperature by
[err] | ower than thd terrpercltur b infjalhalf lfife peirioc,’,‘p? 10~hours of the
curing agent used. Theltlenpdratyr ecreyf@lhe ©llevated®praqpesljy for shortening
the curing tine or flor fireatli nglany lunreacted mpnamer I _Thgd pel yneri zation
time at a tenperaturles afjeve rrecqmrendec | KsMpPebePall|E fwi tt]i n®a period of
5-48 hours. The cast{> @5pnth ?gﬁg@rgclﬁcé SaPy Bath| £ lbegUsed, for an
. . . 3 LS 4 - d
optical article aing 0 .§ & |6gsi|R Qjt aalkg By €he above heat
pol ynmeri zation involijwessjitntegrinalf stxidi|l¥{Bue [t o hedt,| tthegriesi n may
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- 20 - [err] for a period fromat |least 30 mnutes to 6 hours, desirably
for a period of 1 - 4 hours. Upon the manufacture of the cast resin for use
in optical elements, the polynerizable conposition or a viscous prepol yner
t hereof may ﬂ ' “utﬁ“nif desired, with one or nore oﬁwkng, Yased us
additives fo m‘mmﬂm& tility of-the optical el of
such additives | acludée CSIoFing subst ances such as dye

vari ous protecting agents such as UV-absorbing agents, [
such as antioxidants, antistatic agents, photochrom c agents, optical

bri ghteni ng agewtss nol d-rel easi ng agents, and the |ike. These substances
are well known and can be used in conbination in an anount adequate for the
desired purpose. i, ) cast resin for optical use obtained by

i zers

polymerizing 40 - 90 § by weight of a polymerizable
component 1 of a diallylphthalate component represented by
the formula:

R,k O 0 0 Ry

IR VAN R PAN 1
CH, =CCH,0C R, 0C FmCH; C=CH, (D
wherein -R, stands for a hydrogen atom or a methyl group,
-0R; for a dihydric alcohol residue having 1-5 carbon
atoms, and m for an integer of 0-20, with 10-60 § by weight
of a polymerizable component Z of an alkyleneglycol

bis-allylcarbonate component represented by the formula:

O N THIS SHEET HAS BEEN |
CH, =CCH, 0C0-{Ra 0C0-)-nCH, C<CH, ) REPLAGED

vherein ~R, stands for a hydrogen atom or a methyl group,
-0Rs for a dihydric alcohol residue having 1-10 carbon
atoms, and n for an integer of 1-10,

2. The cast resin defined in claim 1, wherein
distribution of molecular weights of said polymerizable
component 1 of the formula IIrepreseﬁted by m is 20 - 70%
by weight of m=0, 20 - 40 ¥ by veight of m=1, 1 - 20 % by
veight of m=2, 0 - 20 % by veight of mn=3, 0 - 15 % by
veight of mw=4, 0 - 10 § by veight of m=5, and 0 - 10 § by



Fuft hernore, the cast resin nmay be provided on the outer surface thereof
with a hard coat filmto enhance the anti-abrasive properties of the
sutface. Moreover, a primer |layer may be interposed between the surface of
the resin and the hard coat filmto inprove adhesivity of the resin to the
hard coat film In order to apply a hard3soati ng agent onto the outer
surface of the resin to provide the surface with E@ﬂﬂ#@ coat film the

-C

resin com etely hardened and annealed is firstly w'[guwm mer
solution and then with a h%éggcoating agent - WKt D a known
conventional HeiEkY of S te, by way of dipping, spin-coating,

fl owcoating, spraying and the Iike nmethod. It is also possible to provide
the surface of thd. castTheechstwesim dedfinedt inrelaiadnt whgreinm

distribution of molecular weights of said polymerizable
component 2 of the formula Z represented by n is 20 - 60%
by weight of n=1, 25 - 40 § by weight of n=2, 5 - 25 % by
veight of n¥3, 1-20 % by Qeight of n=4, and 0 - 15 % by
veight of 5Sns10.

4, A cast resin for optical use obtained by
polymerizing 40 - 89 ¥ by weight of a polymerizable
component 1 of a diallylphthalaté c;@ponent represented by

the formula:

Al Al THIS '

wherein -R; stands for a hydrogen atom or a methyl group,
~-0R; for a dihydric alcohol residue having 1-5 carben
atoms, and m for an integer of 0-20, with 10-59 % by weight
of a polymerizable component 2 of an alkyleneglycol

bis-allylcarbonate component represented by the formula:

W A A
CHy=COH, 0006 R, 000 rCH, C=CH, )

vherein -R; stands for a hydrogen atom or a methyl group,
-0R; for a dihydric alcohol residue having 1-10 carbon

atoms, and n for an integer of 1-10 and a polymerizable

This Sheet Has Been Rzﬁaced

MY



td inhibit the surface reflection on the surface of the optical elenents
thereby increasing the transmssion rate of visible light. The cast resin
far use in optical elements thus obtained has a refractive i ndex as high as
1.53 or nore, preferably 1.53 ~ 1.59 and an Abbe's st 30,
preferably 30 - 45 and is colorless amd 39 a'nsparenllmmmLm!'"zmHlmﬁxcel | ent
I n inpact-strength, heat-resistance and adhesivity #0 a rae ceat »Tilm The
cast resin of the present invention is thus useful in the fields of |ens

i ndustries for manufacturing, for exanple, eye glasses, optical elenents

for various industries, and resinous plates of a hlgh refractive index for
various i nduserpenentERARPLES oy ITiqeupPRYEATT G eRea te ebB¥nthe dfarmrulan wil |

now be illustrated nore in detail by way of exanples and conparative
exanpl es. Exanpl e &{I ?Hpolynerizable conposi tion was obtai ned by
/C=C
Re ._/’_\\ (3)

wvherein one of R; and R stands for a hydrogen atom and the

other for a grouping:

‘ﬁ‘m_@v

and X and Y are the same of different and stand for a
hydfogen atom or a halogen atom d;her-than a fluorine atom.

5. The cast resin defined iﬁ*claim 4, wherein
distribution of molecular weights of said polymerizable
component 1 of the formula 1 represented by m is 20 - 703
by weight of m=0, 20 - 40 % by weight of m=1, 1 - 20 % by
veight of m=2, 0 - 20 % by weight of m=3, 0 - 15 § by
veight of m=4, 0 - 10 ¥ by weight of m=5, and 0 - 10 § by
veight of 6Sns20.

6. The cast resin defined in clainm 4, wheréin
distribution of molecular weiéhts'of said polymerizable
component 2 of the formula 2 represented by n is 20 - 60%
by weight of n=1, 25 - 40 ¥ by weight of n=2, § - 25 % by
wveight of n=3, 1 - 20 ¥ by weight of n=4, and 0 - 15 § by

veight of 5Sn=10.

¢t Has Been Reiaced THIS SHEET HAS BEEN

T REAGED



nixfﬁg f”ﬁ of a polynerizable conponent represented by the foll ow ng
formula (A), with 3 g of a polynerizable - 22 - conponent represented by
the following fornula (B), and 0.2 g of diisopropyl peroxydi carbonate. The
resul tant conposition was charged into a nold conposed of 2 plates of glass
(using an ethyl ene acryl ate gasket), pﬂég 'fed at a curing tenperature of
[err] for 12 hours in a thernostatic oven naintained at [err], then

el evated the tenperature up to [err] over 6 hours and thernally polyneried
at [err] for 2 hours whereby copol ynerization of the two copol yneri zabl e
components was effected. AfteCASDHNRESIN OFORfORPTECADP@SE Meri zati on, the
cured resin was released fromthe nold and it was subjected to an anneal i ng
treatment conducated at [err] for 2 hours.

A cast resin for optical use is obtained by
polymerizing a diallylphthalate component represented by

the formula:

R, O 0 0 0 Rz

B AVANE | (VNS |
CH. =CCH, 0C1+QO+C04R, 0C+QO+C0mCH, C=CH, (1)
\/ \/

wherein -R, stands for a hydrogen atom or a methyl group,
-0R; for a dihydric alcohol residue having 1-5 carbon
atoms, and m for an integer of 0-20, with an alkyleneglycol
bis-allylcarbonate component represented by the formula:

R¢ O 0 Re

o i |
CH, =CCH, 0CO~-R, 0C0-)-nCH, C=CH, . 2)
wherein -R4 stands for a hydrogen atom or a methyl group,
-0OR; for a dihydric alcohol residue having 1-10 carbon

atoms, and n for an integer of 1-10. In addition to the

above components, there may be added a vinyl compound.

o

RIS



r]64 %by weight, nmr1 [err]31 % by
m=3 [err] 1 @6by wei ght) . [err]

by "ot SHbstture sheat 2 Sontopthasd 992 -

[%rr] (Distribution of m
wei ght, me2 [err]
(Distribution of §:
[err] 9 % by weight}j an if 5
was then subjecte %9$ A%th eptment using a 5% by wei ght sol ution of
caustic soda, andj}alcoating |igqui onpri ded predomi nantly of - 23 -
[err]-glyci dooxyp opyltrlnethoxy5|l ne was applied onto the resin according
to a di ppi ng net hddeALt-e+—apptteatton of the coating |iquid, the coated
resin was heated at [err] for 90 minutes in a dryer for drying. The cured
resin further Bro42dB¢ thdre ashalsh proposed resinous glass made of a

copolymer of an oligomer of a diallyl terephthalate series

and a monomer of vinyl series. However, this resinous

glass is poor in impact-resistance.

Japanese Laid-open Patent Applns. Nos. She.

57-28115 and 60-55007 disclose a resinous glass made of a

copolymer of a styrene derivative with a heavy metal salt

of an unsaturated carboxylate and a resinous glass made of

phthalate
a copolymer of a diallyl phethalase which is
nucleus-substituted with a halogen atom or atoms and an

nucleus-substituted
allyl benzoate vhich is umeleus-substituted with a halogen

atom or atoms, respectively. These resinous glasses in
fact have high refractive indices of 1.58 - 1.60 but
instead lose a merit of lightweight because they contain a
amcunt

large mouat of a heavy metal ion and halogen atoms and thus
have a heavy specific gravity.

In Japanese Laid-open Patent Appln. No. Sho.
55-13747, there is proposed a resinous glass made of a
copolymer of an acrylic or methacrylic monomer containing
Bis-phenol 4, a monomer of styrene series and an aryl
methacrylate monomer, etc. However, this resinous glass
involves a problem that it incurs coloration of the

resultant lens and is poor in impact-resistance and

adhesivity to a hard coating film.



coating filmwas coated on the surface thereof with [err], [err] films in
the witten order by way of vapor deposition in argon plasma under pressure
of [err] Torr to prepare a resin with a reflection-preventjng film e
resul tant resin was then tested for eval uatRstityte %“g‘?‘?td Sﬁﬁ%%’?’bﬁ[ 195}
properties, a ﬂGmEﬁThS test] being shown in Table 3 bel ow. By the way,
the foll ow ng wgre carried out for evaluation of the

vari ous properliéks, _}?géka& vg ifndex (Abbe's nunber) : neasured according
to an Abbe's r fia@to e?’ | npact-resistance : A 68 g steel ball was
dropped from a higight_ of 127 dmijto the—8frad resin plate of 1.8 mmin

t hi ckness whergupon the plate ndt broken is arbitrarily nmarked as o while

t he broken oneb.d at-resistance : A sanple of the resin was
allowed to stand in a dryer kept at [err] for 2 hours whereupon the sanple
not show ng anyEpR{#a0gt14W080 discloses resins obtained by polymerizing 0 to 90 wt-%

of an allyl ester of an aromatic bicarboxylic acid and 10 to 90 wt-% of an

oligomer mixture of oligomers of bis-ally carbonate of an aliphatic dihydric alcohol.

According to EP-A-0 284 139 a similar resin may be obtained by polymerizing 30

to 65 wt-% of an diallyl carbonate of a diol containing aromatic groups, 15 to 65

wt-% diallyl iso- or terephthalate and 45 wt-% of an oligomeric, diethylene glycoi

based polycarbonate having two allyl ester groups.

LUS-A-4 930 879 relates to resins consisting of 10 to 80 wt-% of at least

one diester of itaconic or mesaconic acid, 10 to 80 wt-% of the diallyl carbonate

of a phthalate, mono and/or triethylene glycol and 5 to 50 wt-% of diethylene

glycol bis-allyl carbonate.

EP-A-0 082 204 discloses a plastic lens having a high refractive index of

at least 1.54 prepared from the terpolymer comprising diethylene glycol bis-ally

—

carbonate, benzylmethacrylate and diallyl isophthalate.




marked as o while the - 24 - sample
Specific gravity : calculated from
o the_vol une of the_resin according
Vent - (RESfUR sheet -x2 Saptermber 1097
stand I'n tong far g_hours wher eupon t he sanpl e not
n, crack and coloration of the resin
is marked as o whil goi ng such change is narked as x.
Adhesivity of the har After a sanple of the resin had been

i mrersed in VW”SUHM%%QrOPfTﬁE”fpggk?iOﬁB hours, the surface of the reesin
(lens) was cr res thereon and t he adhesi on-peeling

test Accordingly, it is an object of the present

defornatlon crack
under goi ng such cha gBEf?laﬁCWFN'Ed;}i&'Tx
the ratio of the weig t or tne e
to the water-substi
resin was all owed t
showi ng any change

the sanpl e under

invention to provide a nev type cast resin suitable for
optical use excellent in transparency and refractive index
as well as having high mechanical strength,
solvent-resistance and weatherability.

Other and further objects, features and
advantages of the present invention will become apperent
more fully from the following description.

According éo the present invention, there is
provided a cast resin for optical use obtained by
polymerizing 40 - 80 £ by weight of a polymerizable
component 1 of a diallylphthalate component represented by
the formula:

R

MR PAY R PAN |
CH,=CCH,0C <R, 0C -mCH, C=CH, i

wherein -R,; stands for a2 hydrogen atom or a methyl group,
-0R; for a dihydric alcohol residue having 1-5 carbon

atoms, and m for an integer of 0-20x «with 10-80 % by weight

+is—ativicarbomate - T TEpr8sence ¥ the formula.

E g
TOCOR, 0CO-nCH. C=CH, (2)



was repeated for 5 times using "Cellul ose Tape" (Nichiban, Japan) whereby
t he nunber of squares not peeled off was counted. Exanples I-2 -1-15 The

pol ynmeri zation and the formation of a hardE E%' E'Ig%g_d
reflection-preventing filmwere carried o a Itutg s ZeSgntember 1997
illustrated in Exanple |1-1 except that diallyphthal ate conponents shown in
Tabl e 1 and al kyl enegl ycol bisallyl carbonate conponents shown in Table 2
were used to prepare polynerizabl e conpositions shown in Table 3. Various
physi cal properties of the resultant -8A25 - resins were evaluated as
described in Exanple -1, a result of whitch—Ts shown in Table 3 bel ow.
Exanple [err]-1

wherein the fraction of said component 1 where m=0 ranges from 20-70 % by

weight, where m=1 ranges from 20-40 % by weight, where m =2 ranges from

1-20 % by weight, where m=3 ranges from 0-20 % by weight, where m=4

ranges from O-15 % by weight, where m =5 ranges from 0-10 % by weight, and

where 6 £ m =20 ranges from 0-10 % by weight;

with 10-80 % by weight of a polymerizable component 2 of an

alkyleneglycol bis-allylcarbonate component represented by the formula :

R, 0 0
" U i { _
CH, =CCH, 0CO-£R, 0C0--nCH, C=CH, (D)
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A pol ynerizabl e conmposition was obtained by mxing 6 g of a polynerizable
conponent represented by the foll ow ng fornula (G and 3 g of a

pol yneri zabl e conponent represented by the following fornula (D) with 1 g
of dibenzyl fumarate as the vinyl conpoundS4Rgti#Ite sg‘eST' ?5%‘6@%“997
peroxydi carbonate as a pol ynerization catalyst. The resultant polynerizable
conposition was subjected to polynerization and worked up in the sane
manner as illustrated in Exanple I-1. -The resultant cast cured resin was
then tested for-evaluation of various physical properties. The testing

met hods adopt e¢hayadian t-Rg SR AFolrNa Expdig@nl atomfor esUldthofl gheupest is
shown in Table 4. [err] (Distribution of m nmO [err] 64 % by weight, nrl

[err]31 % by V‘e@%htﬁormézdﬂ.ﬁﬂﬂlc aic‘é(aby N@.@me hQOQnérFﬁ-l[(ﬁ_aakbMy
weight). [err] (Distribution of n: n=1 [err] 2 % by weight, n=2

[err]36 %Dy . ions and afor sninteger of 1-10.

According to the present invention, there is

provided a cast resin for optical use cbtained by
polymerizing 40 - 83 % by weight of a polymerij; le

épresented by

compenent 1 of a diallylphthalate component

the formula:

RO 0 0 0
f H | Il
ot oc@-co—(—azoc /> Fae GG,

wvherein -R; stands for a hydrogé€n atom or a methyl group,

-0R, for a dihydric alcohol fesidue having 1-5 carbon
atoms, and m for an integér of 0-20, with 10-59 % by weight
of a polymerizable compbonent 2 of an alkyleneglycol

bis-allylcarbonate component represented by the formula:

o
CH, =CCH, 0CO-ER, 020 ,CH, C=CH, (2

wherein -R¢ stands for a hydrogen atom or a methyl group,

-0R; £dr a dihydric alcohol residue having 1-10 carbon

atoms, and n for an integer of 1-10 and a polymerizable
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- 26 - weight, n=3 [err] 9 % by weight, and n=4 [err] 3 % by weight).
Exanples [err]-2 - [err]-15 The polynerization and the formation of a hard
coat filmand a reflection-preventing fil re carried |

manner as illustrated in Exanple I-1 excepiYdHA¢te 4§ é}nﬁgﬁéé‘?‘fi ons
as shown in Table 4 were used. Various physical properties of the resultant
resins were evaluated as described in BExarpte |-1, a result of which is
shown in Table 4 bel ow. Conparative Exanples 1 - 11 The resins were
prepared in the sane manner as illustrated in Exanple |I-1 except that the
pol ymeri zabl e conponents as shown in Table 5 bel ow were used. Various

hysi cal roperties of the resins were eval uated as
i P wl'Fx)erein the fraction of said componentai where n=1 ranges from 20-60 % by

weight, where n=2 ranges from 25-40 % by weight, where n =3 ranges from 5-

25 % by weight, where n=4 ranges from 1-20 % by weight, and where 5§ =

n < 10 ranges from 0-15 % by weight.

According to the present invention, there is provided a cast resin for

optical use obtained by polymerizing 40-88 % by weight of a polymerizable

component 1 of a diallylphthalate component represented by the formula :

LA I AN A
e zoc:—<<>>-<:tH—R=0<: LT )

REPLACEMENT SHEET
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wherein - R stands for a hydrogen atom or a methyl group, - OR; for a dihydric

alcohol residue having 1-5 carbon atoms, and m for an integer of 0-20 wherein

the fraction of said component 1 where m=0 ranges from 20-70 % by weight,

where m =1 ranges from 20-40 % by weight, where m =2 ranges from 1-20 %

by weight, where m =3 ranges from 0-20 % by weight, where m =4 ranges from




described in Exanple -1, a result of which is shown in Table 5. The
abbrevi ations used in the Tables 3 - 5 nean the foll ow ng structural
foornmula, the follow ng conpounds and the abbreviations of the conpounds
listed in Tables 1 and 2 DBzF : Dibenzyl f Suhstituteshert - 2o5priemberntPR4at e
BCBF : Bis-(2-chlorobenzyl) fumarate BCBM : Bis-(2-chl orobenzyl) nal eate
- 27 - BBBM : Bis-(4-bronobenzyl) nmaleate MVA : Methyl nethacryl ate ADC
Di et hyl enegl ycol bisallylcarbonate DAIP : Diallyl isophthalate

-7B-

0-15% by weight, where m=5 ranges from 0-10 % by weight, and where 6 <

m < 20 ranges from 0-10 % b'y weight;

with 10-59 % by weight of a polymerizable component 2 of an

alkyleneglycol bis-allylcarbonate component represented by the formula :

f f }lh
CH, =CCH, 0CO~-R, 0CO-3-1CH, C=CH, (2

wherein - R4 stands for a hydrogen atom or a methyl group, - OR3. for a

dihydric alcohol residue having 1-10 carbon atoms, and n for an integer of 1-10

wherein the fraction of said component 2 where n=1 ranges from 20-60 % by

weight, where n =2 ranges from 25-40 % by weight, where n=3 ranges from 5-

25 % by weight, where n=4 ranges from 1-20 % by weight, and where 5 <n

< 10 ranges from 0-15 % by weight;

and a polymerizable component 3 of a vinyl compound represented by the

formula :

REPLACEMENT SHEET
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BMVEPP: The conpound represented by the following chemcal formula : [err]
BzMA : Benzyl nethacrylate BPO : Benzoyl peroxide IPP : Diisopropyl
peroxydi carbonate NPP : Di-n-propyl peroxydicarbonate TCP

Bi s(4-t-butyl cycl ohexyl) peroxydi carbonate Hubstitute MI—&S@nyembmbasﬁ
TPl :t-Butyl peroxy isopropyl carbonate. Substitute sheet—= 2 Septenber
1997 - 32 - [err] - =

/
4
Re cocu,—/a 3)

N\ A4X
wherein one of R; and R stands for a hydrogen atom and the

other for a grouping:

—ﬁocu, ~o>y

and X and Y are the same or different and stand for a
hydrogen atom or a halogen atom other than a fluorine aton.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, the
polymerizable component 1 of diallylphthalate component
represented by the formula:

2
i
cawcuzoc " £R, w@co—}mcazcwuz o)

wherein -R; stands for a hydfogen atom or a methyl group,
-0R, for a dihydric alcohol residue having 1-5 carbon
atoms, and m for an integer of 0-20  is—pelvmerized—or
copolymerized withthe i 2—of
atkyleneglvesl bis= FooRate—Ter

formuta—

?‘W REPLACEMENT SHEET
CH, =CCH7OCT-ER, 0C0-FCH, C=CH, (-
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Substitute sheet - 2 Septenber 1997 - 33 - [err] Substitute sheet - 2
Sept enber 1997 [err] - 34 - |. A cast resin for optical use obtained by
pol ynerizing 40 - 90 % by wei ght of a polynerizable conponent 1 of a

di al | yl pht hal ate conponent represeted by t Bebsutesheey v2r$eripabeari 9%7 |
stands for a hydrogen ato or a nethyl group, [err] for a dihydric alcohol
residue having 1-5 carbon atoms, and mfor an integer of 20, wth 10-60
% by wei ght - 8A -

wherein the fraction of said component 1 where m=0 ranges from 20-70 % by

weight, where m=1 ranges from 20-40 % by weight, where m=2 ranges from

1-20 % by weight, where m=3 ranges from 0-20 % by weight, where m=4

ranges from 0-15 % by weight, where m =5 ranges from 0-10 % by weight, and

where 8 £ m < ranges from 0-10 % by weight;

is polymerized or copolymerized with the polymerizable component 2 of

alkyleneglycol bis-allylcarbonate represented by the formula :

Rs
I i Il
CH: =CCH2 OCO‘('R:, OCO%-,,CHz (I',ﬂf-{z ( 2)
THIS SHEET HAS BEEN
T
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of a polynerizabl e conponent of an al kyl enegl ycol bis-allylcarbonate

conpone represented by the forrmula: [err] wherein [err] stands or a

hydrogen atom or a methyl group, [err] for a dihydric al cohol residue

havi ng 1-10 carbon atons, and n or an int g@gﬁﬂ'@jﬁmet 22 Septembefk397 esi n

defined in claim1l1, wherein distribution of nolecular weights of said

pol yneri zabl e conponent 1 of the fornmula 1 represented by mis 20 - 70% by

wei ght of nF i 2 ' - 9 | .ght _ 0- 20
ofvriérein B8 StpBds Bt Qbydogthiatel ari pidety B BRSTTr 2

% by wei ght m3, 0°- 15 % strtute s
1997 [err] byditgdeidtalebhdlTesidde havity 1010 cuRdSH btdths Narid n for an iMtdYer of

1-10 wherein the fraction of said component 2 where n=1 ranges from 20-

60 % by weight, wheren=2 ranges'from 25-40 % by weight, where n=3

ranges from 5-25 % by weight, where n =4 ranges from 1-20 % by weight,

and where 5 S n £ 10 ranges from 0-15 % by weight.

In accordance with the present invention, the
polymerizable component 3 of vinyl compound represented by

the formula:

Rs H
N/
N
AN\
R oo—Oy @
0
wherein one of Rs and R; stands for a hydrogen atom and the
other for a grouping: | REPLACEMENT SHEET
~COCH, ~—< : > 27 SEP 1997
g Y

and X and Y are the same or different and stand for a
hydrogen atom or a halegen atom other than a fluorine atonm,
may be polymerized or terpolymerized with the
abovementioned components 1 and 2.

In the formula (1) of the polymerizable component
1, -0R; should be a dihydric alcohol residue having 1-5
carbon atoms. If the number of carbon atoms exceeds 5, the

heat-resistance and the refractive index of he resultant
polymer will be deteriorated. #s—te—the-degree—of-



wei ght of 5[err]n[err]10. 4. A cast resin for optical use obtained by
pol yneri zing 40 - 89 % by wei ght of pol yneri zabl e conponent 1 of a

di al | yl pht hal ate onponent represented by the fornul a: {err%ﬁmhereirléﬁgr]
stands for a hydrogen atomor a methyl groggbstite gheet- 2 Sgrtemies 199 Lohol
resi due having 1-5 carbon atons, and nLIQ#o n integer of 0-20, with 10-59 %
by weight of a polyneriz |e conponent 2 of an al kyl enegl ycol bis-allylcar,
onat e conponent represented by the fornmula: [err] wherein [err] stands for

a hydrogen atomor a nethyl group, [err] for a dihydric al cohol residue

havi ng 1-10 carbon REPLACEMENT SEEET [Snr! ) . .

molecular .

28— Since exact control of the meteeuler weight is

difficult in case of preparing the above polymerizable
component 1 by transesterification, a mixture of the
component 1 each having a definite distribution of the
molecular is
meleculer veight can—cenveniently—be used in the present
invention unless the number of m exceeds 20. In order to
remarkably improve the impact-strength, refractive index
and viscosity of a resin to be co- or terpo}ymerized, the
is
distribution of the molecular veights may—preferably be as
follows:

20 - 70 ¥ by weight of m=0, 20 - 40 % by weight
of m=1, 1 - 20 § by veight of m=2, 0 - 20 ¥ by weight of
m=3, 0 - 15 % by vweight of mé4, 0 - 10 § by veight of m=5,
and 0 - 10 % by veight of §Sm=<20. If the value of m in
case of zero is lower than 20 % by weight, the viscosity is

preferred
remarkably increased, thus not being prefrrred, whereas in
excess of 70 § by weight, fhe impact-resisténce of a resin_
to be copolymerized or terpolymerized vwill be deteriorated.
On the other hand, if the value of m in case of at least 6

but not greater than 20 exceeds 10 ¥ by weight, the

viscosity of a resin to be copolymerized or terpolymerized

vill become extremely high.
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Substitute sheet - 2 Septenber 1997 [err] wherein one of [err] stands for a
hydrogen atom and the other for a grouping: and X and Y are the sane of
different and stand for a hydrogen atom or hal ogen at other. th
fluorine atom 5. The cast resin defin ,S‘ﬁﬁt'%t‘ eﬁhﬁﬂi;%@fﬁfﬂber 1897
di stribution of nolecular we ghts of saidjpolynerizable conponent 1 of the
formul 1 represented by mis 20 - 70% by wei ght of m=0, 20 - 40 % by wei ght
of mel, 1 - 20 % by weight of me2, 0- 2 % by weight of me3, 0 - 15 % by
wei ght of me4, 0 - 10% by weight of nme5, and 0 - 10 % by wei ght of
6[err]nferr]20.difbxide, Thnd caslinbagi comtefundeduch & aambimonwhéréchloride.
di stribution of nolecular weights of said polynerizabl e conponent 2 of the
formula 2 represented byyked Ted@tinpWhdh weiigbbholiaetle wiBh- edByDérry
wei ght of n=2, 5 - 25 % by

glycol, the above transesterification reaction can be

examplified according to the following reaction formulas:

0 0
Il i :
mt 1 CHz =CCH: m@wnz CH=CH; +m (Hmﬁz CHz OH) -_>

0 0 0 0
AN AN
ca,=cacuzoc+\<9<o+mzcnz @-«o—),,,ca,cmca, + 2m CH,=CHCH,OH

wherein m stands for an integer of 1 - 20.

In the formula (2) of the polymerizable component
2, -0R; should be a dihydric alcohol residue having 1 - 10
carbon atoms. If the carbon atoms exceed 10, the heat
resistance of the resultant resin will become inferior. A§
to the degree of polycondensation of the polymerizable
component 2 of the formula (2) wherein n is an integer of 1
- 10, no limitation exists in polycondensation so far as
the number of m is an integer of 1 - 10. Since exact
control of the molecular weight is difficult in case of
preparing the above polymerizable component 2 by
transesterification, a mixture of the component 2 each
having a definite distribution of the molecular weight een
sea#esggﬁ%%y—be used in the present invention, Jjust like

the case of the polymerizable component 1, unless the

[ REPLACEMENT SHEET

’ 27 SEP %97 J

ERr .




wei ght of n=3, 1 - 20 % by weight of n=4, and 0 - 15 % by REPLACEMENT SHEET
27 SEP 1997 [err] -34- CLAIMS 1. A cast resin for optical use obtained

by polynerizing 40-90 % by wei ght of a pol ;ﬂ&@@% eSO brbe?f1 507

di al I yl pht hal at e conponent represented by .
stands for a hydrogen atom or a nethyl_g&gug, [err] for a dihydric al cohol
resi due having 1-5 carbon atons, and mfor an integer of 0-20 wherein the
fraction of said conponent 1 where m=O ranges from 20-70 % by wei ght, where
m=1 ranges from 20-40 % by wei ght, where nm=2 ranges from 1-20 % by wei ght,

where nm3 ranges from .
gnumber of n exceeds 10. In order to remarkably improve the

impact-strength, refractive iﬁdex and viscosity, the
distribution of the molecular weights is preferably as
fdil&ws:

20 - 60% by weight of n=1, 25 - 40% by weight of
n=2, 5 - 25% by veight of n=3, 1 - 20% by veight of n=4,
and 0 - 15% by weight of 5Sns10.

preparation
In prepardtion- of the polymerizable component 2,

example

for exdmpnle diallycarbonate is subjected to
transesterification with dihydric alcohol in the presence
of a catalyst preferably at 50-200°C for 2-1Z hours. In
order to set the distributioﬁ of m in the range as
mentioned above, the amounts of the feed materials,
temperatures, time periods and pressure are appropriately -
set to therby readily prepane the polymerizable component
2. The examples of the dihydric alcohol include ethylene
glygel, propylene glycol, 1,3-propanediol, 1,4-butanediol,
1,3-butanediol, neopentyl glycol, diethylene glycel and
dipropylene glycol. The same catalyst as mentioned above
in terms of the polymerizable component 1 may be used.

As mentioned above, the polymerizable component 3
may be polymerized or terpolymeried with the components 1
and 2. Illustrative of the polymerizable component 3 are,

for example, fumarate compounds such as dibenzyl fumarate,
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0-20 % by wei ght, where n¥4 ranges from 0-15 % by wei ght, where n¥5 ranges
fromO0-10 % by weight, and where 6 [err] m[err] 20 ranges from0-10 % by
wei ght; with 10-60 % by wei ght of a pol ynerd C n

al kyl enegl ycol bis-allylcarbonate conponenéééggﬁég?ﬂﬂ%%—gggFéggﬁggﬁ&?g?
[err] wherein [err] stands for a hydrogenygtomor a nmethyl group, [err] for
a di hydric al cohol residue having 1-10 carbon atons and n for an integer of
1-10 wherein the fraction of said conmponent 2 where n=1 ranges from 20-60 %

by wei ght, where, n=2 ranqes from 25-40 % Db | ght = a from
5-25 % by wei gﬁ?!’yw&z@bgﬁi ?Wﬁ&"ﬁrgﬂ%y- %m%%fo\%é}ﬁgﬁ?ea;ng%g?gﬁg [err]
n [err] 10 ranges from 0-15 9% by ight. 2. A cast resip fo ptiwcal use
obt ai ned by poPyPR45 NG 3%’8%9 %"\gsmgéilbﬁl%fc%pﬁd’leﬁﬁér?z%t'b‘f eao'cor.%'%gnent 1
of a diallylphthal ate conponent represented by the foanHég:thL;]

REPL ACENENT ShE{gpqgﬁﬁqn of the polymerizable component
limited

to a range of 40 - 89% by weight based on the total
polymerizable components. If the proportion of the
polymerizable component 1 ié less than 40% by weight, the
resultant resin will be reduced in refractive index. In
contrast, if the proportion exceeds 839% by weight, the
resultant resin wi;l be inferior in impact-strength and
color hue. On the other hand, the proportion of the
polymerizable component 2 is limited to a range of 10 - 583
by veight based on the total polymerizable components, If
the proportion of the polymerizable component 2 is less
than 10% by weight, the resultant resin will become
inferior in impact-resistance, color hue and adhesivity to
a hard coat. On the contrary, if the proportion exceeds
59% by wveight, the resultant resin will be reduced in
refractive index. The amount of the polymerizable
component 3 is to be limited to a range of 1-30% by weight,
preferably 3-20% by weight in respect of color hue,
impact-strength and heat-resistance. If the proportion of
the polymerizable component 3 is less than 1% by weight,
the resultant resin will become inferior in color hue and

impact-strength. In contrast, if the proportion exceeds
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Substitute sheet - 2 Septenber 1997 wherein [err] stands for a hydrogen
atomor a nethyl group, -OR2 for a dihydric al cohol residue having 1-5

carbon atons, and mfor an integer of 0-20.wherein the f ' f |
conponent 1 where n¥0 ranges from 20-70 %ﬁ%ﬁ%ﬁ&%ﬁﬁbﬁﬁbgze. B 97 om
20-40 % by wei ght, where n¥2 ranges framjg20 % by weight, where n¥3 ranges
fromO0-20 % by wei ght, where nF4 ranges from 0-15 % by wei ght, where m=5
ranges from 0-10 % by weight, and where 6 [err] m[err] 20 ranges from 0-10
% by wei ght; VB0%hb¥0wB9geh bytheerghitltentargsiynetll coneodpdeetr 2of an
al kyl enegl ycol bis-allyl carbonate conponent represented by the formula:
[err] wherein Heartrfpesfigbsiscd.or a hydrogen atomor a nethyl group, [err] for
a di hydric al cohol residue having 1-10 carbon atons and n for an integer of
1-10 wherein the fracti Dhe cfbovai tlotymerdizabie2cohporentsil and 2 may

optionally be used conjointly with a vinyl monomer not

represented by the formulas (1), (2) and (3). Illustrative

of such vinyl monomer are, for example, aromatic vinyl

compounds such as styrene, p-methylstyrene, p-chlorostyrene,

o -methylstyrene, vinylnaphthalene and divinylbenzene;

vinyl esters such as vinyl acetate, vinyl benzoate, allyl

benzoate and divinyl phthalate; acrylic or methacrylic

monomers such as acrylic and methacrylic acids, glycidyl

acrylate and methacrylate, methyl acrylate and methacrylate,

ethyl acrylate and methacrylate, isopropyl acrylate and

methacrylate, n-propyl acrylate and methacrylate, isobutyl

acrylate and methacrylate, sec-butyl acrylate and

methacrylate, n-butyl acrylate and methacrylate, allyl

methallyl

acrylate and methacrylate, mathallyl acrylate and
methacrylate

methacrylate, vinyl acrylate and wathacsylate,

2-hydroxyethyl acrylate and méthacrylate, Z-hydroxyprppyl
acrylate and methacrylate, cyclohexyl acrylate and
methacrylate, phenyl acrylate and methacrylate, benzyl |
acrylate and methacrylate, naphthyl methacrylate,
ethyleneglycol diacrylate and dimethacrylate,

diethyleneglycol diacrylate and dimethacrylate,
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rénges from 20-60 % by wei ght, where n=2 ranges from 25-40 % by wei ght,
where n=3 ranges from 5-25 % by wei ght, where n=4 ranges from 1-20 % by
wei ght, and where 5 [err] n [err] 10 range (TN % By %ﬁ: ; %a
pol yneri zabl e conponent 3 of a vinyl comeétﬂégrgpggi‘§%(92 % Eﬂ}eror muil a:
[err] wherein one of [err] stands for a fgarogen atom and the other for a

-

groupi ng: [err X_and e F—gi-rerent—amd—stanrd f-sr
a hydrogen atgmar| a=hal ogen at pma gtaaer =t han la=f] wojing gt oM |[BrFE | o »

] .
[err] - 32 - Jlerg]l = e sloclsjoela|s|lajo]ls|w]|Nd]- =
Sleciaclee wi--ly.] ok wlolclee wis] a-lae wig-] o) je-le- wig-] T U ja-de- wis e~ o
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with 10-60 %

use obt ai ned

wher ei

Qpaww ilaé%LH

Ly

of 0-20,

resin for optical

Bybstitite] shagt

an i nteger

gro
33

A cast
and m for

represented by the fornula:

CLAI MS 1.

90 % by wei ght of a pol ynerizabl e conponent 1 of a

34 -

[err]

stands for a hydrogen atom or a nethyl

resi due having 1-5 carbon atons,

di al | yl pht hal at e conponent
by wei ght

"33 -
by polynerizing 40 -

PADC-2M (6, 5)

f—
]
Sl o
| &
i o,
gl &
3|~
&
[Table 5) o
Comp, Polymerizable Comp. (g) | Curing agent (g) | Curing temp, |[Refractive| Abbe's - S.G, Solvent- | Adhesivity to
Ex. (T) index nunber resistance | hard coat film
1 |MMA (L0){BPO 1) 70 1,492] 58 ‘0 . 191 X 24
2 |AFrStyrene(10) | BPO 1) 70 1. 591 32 o . 054 X 7
3 ADC (L0)j1PP 3) 40 1.499 585 X 3217 0 100
4 |pDAIXP ( DD]j1pPP 3) 40 1. 561 37 X 2176 o) 100
ADC ( 3) X
5 |AFbsStyrene( 5)|BPO 1) 70 1.582} 33 X o) 170 (o) 14
BMEPP ( 5) .
6 |PDAIP—2VL(10)|iPP 2) 40 1. 570| 35 X (o) . 249 o) 100
7 |PADC~2H (10)|1pPP 2) 40 1.508] 50 o o) .329 o) 100
8 |PpAaIP-2L ( 7)|1PP 2) 40 1. 547| 38 x o) 2171 (o) 100
ADC ( 3)
9 |[DAIP ( 9)|NPP 2) 40 1. 564 36 . 276 0 100
PADC—2H ( 1)
10 | PDAIP~2M(9,. 5)|1IPP 2) 40 . 1.561] 36 256 o 91
PADC—2M (0. 5) .
11 [PDATP—-2M(3. 6)|1PP 2) 40 1.627]| 42 297 (o] 100




of a pol ynmeri zabl e conponent 2 of an al kyl enegl ycol bis-allylcarbonate
conponent represented by the fornul a: [err] wherein [err] stands for a

hydrogen atomor a methyl group, [err] fo ag&hﬂ)féj%hgﬁal 2%%{;{%@}@%7

havi ng 1-10 carbon atons, and n for an |nt re—east
resin defined in claim1, wherein K i on of nol ecul ar weights of said
pol yneri zabl e conponent 1 of the for Ia 1 represented by mis 20 - 70% by

wei ght of mrQ, 20 - 40 % by weight of m=L. 34 = 20 % by weight of nm=2, 0 -
20 % by weight of me3, 0 - 15 % by weight of m=4, 0 - 10 % by wei ght of

m=5, and 0 - 10 % by - 35 - weight of 6 [err] m[err] 20.
[err] 3. The cast resin defined in claiml, wherein
€EATHS
1. 4 cast resin for optical use obtained by

polymerizing 40 - 80 ¥ by weight of a poclymerizable
component 1 of a diallylphthalate component repre ented by
the formula:

R 0
CH; =(l:CHz 0C: ! "'@'CO')'MCHz C<H, /(1'

wherein -R, stands for a hydrogen :;7m or a methyl group,
-0R, for a dihydric alcohol residue having 1-5 carbon

atoms, and m for an integer of 20, with 10-60 ¥ by weight

of a polymerizable component of an alkyleneglycol

bis-allylcarbonate compone represented by the formula?

0
}IL Il II Ill1

CH, =CCH, 0CO-R, 0CO-rCH: 2)

~wherein -R, stands/for a hydrogen atom or a methyl group,
-0R; for a dihydfic alcohol residue having 1-10 carben
atoms, and n for an integer of 1-10.

2. e cast resin defined in claim 1, wherein
distribu{ion of molecular weights of said polymerizable
comporent 1 of the formula 1 represented by m is 20 - 70%

by beight of n=0, 20 - 40 % by veight of m=1, 1 - 20 % by
veight of m=2, 0 - 20 % by weight of m=3, 0 - 15 % by

=4 =
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di stribution of nolecular weights of said polynerizable conponent 2 of the
formula 2 represented by n is 20 - 60% by wei ght of n:1, 25 - 40 @6by

wei ght of n=2, 5 - 25 %by weight of n=3, 1 - 20 %b ht of n=4, and O

- 15 % by weight of 5 [err]n [err] 10. 4. Substggtgs %%Il'n fﬁﬂpt@iﬁ‘bpbélggt?se

obt ai ned by pol ynmerizing 40 - 89‘%tn2 thQOf a polynerizabl e conponent 1

of a diallyl phthal ate conponent repr y the formula: [err] wherein
[err] stands for a hydrogen atom or thyl group, [err] for a dihydric

al cohol residue having 1-5 carbon atoms —apg .mfor an integer of 0-20, with
10-59 % by wei ght of a polynerizable conponent 2 of an al kyl enegl ycol

bi s- aIIyIcarbonate conponent represented by the fornula: [err] wherein

[err] stands for drog atqm or a nethyl group, -OR3 for a dihydric
al cohol residue Toon

3. The cast resin defined in clainm 1, wherein

veight of 5&ns10.

4, 4 cast resin for optical use btained by
polymerizing 40 - 89 % by veight of polymgrizable
component 1 of a diallylphthalate component represehted by
the formula: .

B O
Gﬁ=aﬂk0g [l4ﬁh0g
whereiﬁ ~-R; stands for ; hydrogen atom or a methyl group,
-0R, for a dihydric Alcohol residue having 1-5 carbon
atoms, and m for dn integer of 0-20, with 10-59 § by weight
of a polymerizgble component 2 of an alkyleneglycol
onate component represented by the formula:

| I ﬂ ?4
CH, =cca,/oco—(—ﬁ, 0CO-)nCHz C=CH, ; (2)

bis-allylcar,

wheﬁgin -R, stands for a hydrogen atom or a methyl group,
/
-0R; for a dihydric alcohol residue having 1-10 carbon

f—+t—}0—and—=apolymerizable
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atons, and n for an integer of 1-10 and a pol ynerizable [err] - 36 -
[err] conmponent 3 of a vinyl conpound represented by the fornula: [err]

wherein one of [err] stands for a hydrogen gt 3997
grouping: [err] and X and Y are the same Oﬁﬁ%&c&_ﬁgﬁﬁéﬂm—a——u 20 Snbbe. 9! Sitehftler

hydrogen atom or a hal ogen at om ot her QP@QCQJQIuorine atom 5. The cast
resin defined in claim4, wherein distrtbutton of nolecular weights of said
pol yneri zabl e conponent 1 of the formula epresented by mis 20 - 70% by
wei ght of m=0, 20 - 40 % by wei ght of n¥l, - 20 % by

Rs H

.

£74

o <02y @)
0

wherein one of Ry and R¢ stands for a hydrogen 4tom and the

other for a groupiﬁg:
0o CF
0

and X and Y are the same of different and stand for a

s

hydfogen atom or a halogen afom o}_er-than a fluorine atom.

5. The cast resin defined {g*claim 4, wherein
distribution of molecular weights of said polymerizable
component 1 of the formuly' 1 represented by m is 20 - 70%
by weight of m=0, 20 - 40 ¥ by veight of m=1, 1 - 20 % by
veight of n=2, 0 - 20’ ¥ by weight of m=3, 0 - 15 § by
veight of m=4, 0 /10 % by weight of m=5, and ¢ - 10 ¥ by
veight of 6Sn20.

5. Th cas; resin defined in clainm 4, wheréin
distributidn of molecular veights of said polymerizable
componeft 2 of the formula 2 represented by n is 20 - 60%
by weight of n=1, 25 - 40 % by weight of n=2, 5 - 25 § by

v;}ght of-n=3, 1 - 20 § by weight of n=4, and 0 - 15 % by
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wei ght of me2, .0—=—-20-% by weight of m=3, 0 - 15 % by weight of nr4, 0 - 10
% by wei ght of nF5 and 0 - 10 % by weight of 6 [err]m[err]20. 6. The
cast resin defln erein dist n_,of s of
sai d pol yneri zab M@HM the for JEU R rRler T SGHIGRnaS -
60% by wei ght of n= 1 25 N4 y weight of n=2, 5 - 25 % by wei ght of

n=3, 1 - 20 % by melght of n=4, and 0 --B4 % by weight of 5[err]n [err]10.
[err] CLAIMS

1. A cast reasin for optical use obtained by polymerizing
40-30 ¥ by weight of a polymerizable component 1 of a
diallylphthalate component represented by the formula:

R, O O o - O R,
l AN AN I |

wherein -R; stands.for a hydrogen atom or a methyl group, -OR; for a
dihydric alcohol residue having 1-5 carbon atoms, and m for an
integer of 0-20 vherein the fraction of said component 1 where m=0
ranges from 20-70 % by weight, where m=l ranges from 20-40 % by
weight, where m=2 ranges from 1-20 ¥ by weight, where m=3 ranges from
0-20 4 by weight, where m=4 ranges from 0-15 % by weight, where um=5
ranges from 0-10 % by veight, and where 6 ¢ m & 20 ranges from 0-10 %
by weight;

with 10-60 ¢ by weight of a polymerizable component 2 of an
alkyleneglycol bis-allylcarbonate component represented by the formula:

R, o - o IT*
i I I - :
CH.=CCH,0CO+R,0C0O+>nCH,C=CH, (2)

wherein -R, stands for a hydrogen atom or a methyl group, -OR; fer a
dihydric alcohol residue having 1-10 carbon atoms and n for an
integer of 1-10 wherein the fraction of said component 2 where n=1
ranges from 20-60 $ by weight, where n=2 ranges from 25-40 § by
weight, where n=3 ranges from 5-25 ¥ by weight, where n=4 ranges from
1-20 § by weight, and where 5 § n $ 10 ranges from 0-15 % by weight.

2, A cast resin for optical use obtained by polymerizing
40-83 % by weight of a polymerizable component 1 of a
diallylphthalate component represented by the formula:

R, 0 o; O O R,
l AN AN !
CH,=CCH,0Ct+O+CO£R,0C+O+CO+mCH,C=CH, (i)
N/ N/
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Substitute sheet - 2 September 1997

A 1l
wherein -R, stands for a hydrogen atom or a methyl group, -0R; for a
dihydric alcohol residue having 1-5 carbon atoms, and m for an
integer of 0-20 wherein the fraction of said component 1 where m=0
ranges from 20-70 % by weight, where m=1 ranges from 20-40 % by
weight, where m=2 ranges from 1-20 ¥ by weight, where m=3 ranges from
0-20 % by weight, where m=4 ranges from 0-15 ¥ by weight, where m=5

ranges from 0-10 § by weight, and where § € m $ 20 ranges from 0-10 %
by weight;

with 10-538 $§ by weight of a polymerizable component 2 of an
alkyleneglycol bis-allylgarbonate component represented by the formula:

R, 0 o 112,
l | I
CH,=CCH,0CO+R,0CO¥+nCH,C=CH, (2)

wvherein -Rs stands for a hydrogen atom or a methyl group, -OR, for a
dihydric alcohol residue having 1-10 carbon atoms and n for an
integer of 1-10 wherein the fraction of said component 2 where n=1
ranges from 20-60 2 by weight, where n=2 ranges from 25-40 ¥ by
veight, where n=3 ranges from 5-25 ¥ by weight, where n=4 ranges fronm
1-20 % by weight, and vhere 5 £ n € 10 ranges from 0-15 § by veight;

and a polymerizable component 3 of a vinyl compound
represented by the formula:

R5>C=C<H /N )
3
Rs COCHz_\g)&
([l) X

wherein one of Rs and R¢ stands for a hydrogen atom and the other for
a grouping:

AN

—-C —
OCH:—{Ox_
{ Y
O
and X and Y are the same or different and stand for a hydrogen

atom or a halogen atom other than a fluorine atom.
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Substitute sheet - 22 September 1997

- 8A -

wherein the fraction of said component 1 where m=0 ranges from 20-70 % by

weight, where m=1 ranges from 20-40 % by weight, where m=2 ranges from

1-20 % by weight, where m=3 ranges from 0-20 % by weight, where m=4

ranges from 0-15 % by weight, where m =5 ranges from 0-10 % by weight, and

where 6 S m = 20 ranges from 0-10 % by weight;

is polymerized or copolymerized with the polymerizable component 2 of

alkyleneglycol bis-allylcarbonate represented by the formula :

0 Rq
P . ]
CH, =CCH 0CO-£R; 0C05-nCH, C=CH, (2)
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