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TI TLE ‘OF~THE ENTI ON Cast Resin for Optical Use BACKGROUND OF THE
| NWVENTI ON Thi s invention relates to a cast resin having superior mechani cal
strength and optical properties such as transparency and refractive index.
Recently, the resin glass which is superior to inorganic glass in

i npact -resi stance, |ightweight, castabidilty and dyeability has becone
popular in the field of eye-glass |enses.. The resin glass may be
exenplified by polynethyl nethacryl ate, pol ydiethyiene glycol bis-allyl
carbonat e, polystyrene or polycarbonate. However, the above-nentioned

pol ymet hyl met hacryl ate or pol ydi et hyl ene gl ycol bis-allyl carbonate, while
bei ng super i BETLE OF JPHEINNMENTIGMact -resi stance and castability, suffers
fromthe drawback that they are not suited to high nagnification and
reduction in wei ght CpetaRsdinnhérr Petiaeli Ye®index is as | ow as about 1.49

and a | arger_| ens
BACKGROUND OF THE INVENTION

This invention relate§ to a ca;t'resin having
superior hechénical.strength and optical properties such as
transparency and refractive index.

Recently, the resin glass which is spperibr to
inorganic glass in impaéf-resistance, lightweight,_
castability and-dyeability has.become popular in the field
of eye-glass lenses. The resin glass may be exemplified by
polymethyl methacrylate, polydiefhyiene glycol bis-allyl
carbonate, pol&sty:ene or polycarbonate. However, the
above-mentione&.polymethyl methacrylate or ﬁolydiethylene
glycol bis—allyirgérbonate, while being superior in
lightweight, im;;gt—resistance and castability,,suffer;
from the drawback that they are not suited to high
magnification and reduction in weight because their
refractive index is as low as about 1.49 and a larger lens
thickness than in.the case of the inbrganic glass is
required if they are to be used as lenses. On the other
hand, the above-mentioned polystyrene or polycarbonate,-
whilg having a high-refractive index of the order of 1.58
to 1.59, suffers from the drawback that since they are
thermoplastic resins, they are susceptible to optical
distortion due to double_rgfraction during injection

molding, while being inferior in resistance to solvents or "



t hi ckness than in the case of the inorganic glass is required if they are
to:be used as | enses. On the other hand, the above-nentioned polystyrene or
pol ycarbonate, while having a high refractive index of the order of 1.58 to
1.59, suffers fromthe drawback that since they are thernoplastic resins,
they are susceptible to optical distorttoh due to double refraction durlng
I njection nolding, while being inferior in resistance to solvents or 2
scratch-resi stance and being | ow in Abbe's nunber or adhesivity to a hard
coat filmwhich is deposited for inproving surface hardness. Various
t echnol ogi cal proposal s have been nade for overconin? t he above-nenti oned
defi ci enci esscFetcbxarplietanceesnd beang towsintAbbel s auwbpdl 9her of
di et hyl ene gl ycol bis-allyl carbonate and
adhesivity to a hard coat fllm which is dep051ted for
improving surface hardness.  Various technological
proposals have been made for overcoming the above-mentioned
deficiencies. For example, a resin glass consisting in a
copolymer of diethylene glycol bis-allyl carbonate and
diallyl isophthalate has been proposed in Japanese
Laid-Open Patent Publication No.53~-7787 (1978), while a
resin glass consisting in a copolymer of diallyl
isophthalate and di(meth)acrylate having Bisphenocl A and
diethylene glycol bis-allyl carbonate has been proposed in
Japanese Laid-Open Patent Publication No.59-181708 (1984).
However, these resin glasses suffer from the drawback that
they are poor in impact-resistance and weatherability and
that a non-reacted monomer tends to be left due to the
difference in copolymerizabilty to render it difficult to
control the reacti6tn during the polymerization process.
Besides, a resin glass consisting in a dibenzyl
fumarate - diallyl phthalate copolymer has.been proposed in
Japanese Laid-Open Patent Publication No.62-235901 (1987),
while a resin glass consisting in a copolymer of dibenzyl
itaconate or dibenzyl mesaconate with diallyl phthalate and
a resin glass consisting in a copolymer of diallyl
tere(iso)phthalate prepolymer, methyl (meth)acrylate and an

aromatic mono(di).carboxylic acid (alkyi)allylester have

been proposed in Japanese Laid-Open Patent Publication



dial 'yl isophthal ate has been proposed in Japanese Lai d- Open Patent
Publ i cati on No.53-7787 (1978), while a resin glass consisting in a

copol yner of diallyl isophthalate and di (meth)acryl ate havi ng Bi sphenol A
and di et hyl ene glycol bis-allyl carbonate has been proposed in Japanese
Lai d- Open Patent Publication hb.59-1917063(1984). However, these resin

gl asses suffer fromthe drawback that they are poor in inpact-resistance
and weat herability and that a non-reacted nononmer tends to be left due to-
the difference in copolynerizabilty to render it difficult to control the
reaction during the polynerization process. Besides, a resin glass ‘

i sti i [ I -.diallyl ph l. . h b
Cons TSN anglsISAEY s UHR hae A ShhkheRR: BRLRLESOBTLHR plas o
gh"e a res'ﬂoghé%64%9”§h§%bﬁg Iﬂo%e98P0|¥Hgg OLeghhegix%seEa%%?%EQ or
| benzyl mesaconate W't ral'l'yl "phthaldteé and a réesi R glfass consisting in

a copol ymer @b.ogi @l iy bats( LHRLPRLES! gtE RheRQk¥Rein methyl (meth)acrylate

and an
impact-resistance.

A resin glaés consisting in a diethylene glycol
bis-allyl carbonate oligomer proposed'in Japanese Laid-Open
Patent Publication No.59-140214 (1984) has a drawback that
it is low in refractive index and may become stained in
colof.

A resin glass consisting in a diallyl terephthalate
oiigomer - vinyl monomer copolymer propo;ed in Japanese
Laid-Open Patent publication No;3-54213‘(1991), has a
drawback that it is inferior in impact-resistance.

A.resin glass consisting in a copolymér of a
styrene derivative with a heavy metal salt of unsaturated
carboxylic acid, and a resin glass consisting in a
copolymer of a nucleus halogen-substituted diallyl
phthalate with a nucleus halogen-substituted allyl
benzoate, proposed in Japanese Laid-Open Patent
Publications Nos.57-28115 (1982) and 60-55007 (1985),
respectively, suffer-from the drawback that while having a
higher refractive index of the order of 1.58 to 1.60, they
are higher in specific graQity and hence inferior in
lightweight bécause of the content of larger amounts of
heavy metal ions and halogen'atoms.

A resin glass consisting in a copolymer of a
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aromatic nmono(di) carboxylic acid (alkyl)allylester have been proposed in
Japanese ‘Lai d- Open Patent Publication 3 No. 64-45412 ( 989) and I n
Japanese Patent Publication No.1-60494 (1989). However, |

suffer froma drawback that they are inferior in |npact
gl ass consisting in a diethylene glycol ¥i s-al |yl carbOL“\__J1-
proposed i n Japanese Lai d-Open Patent Publication No.59-14021477
drawback that it is lowin refractive index and may becone stained in
color. Aresin glass consisting in a diallyl terephthalate oligonmer - vinyl
monomner copol ymer proposed in Japanese Lai d-Open Patent publication

No. 3- 54213 Qﬁ%%%MeIM$%&%er and a di(meth)acrylate monomer containing

Bisphenol A with an aryl methacrylate monomer has also been
.proposed in Japanese.Laid—Open Patent Publication
No.55-13747 (1980). This resin glass has, however, a
drawback that the lens formed of the resin glass tends to
be stained in color, while the resin glass is inferior in
impact-resistance and adhesivity to a hard coat film.

A resin glass consisting in a copolymer of a
hydroxy di(meth)acrylate having an aromatic ring, a
diisocyanate monomer and a styrene monomer has been

-propqsed in Japanése Laid-Open Patent Publication
No.59-133211 (1984). This resin glass has a drawback that
while having a higher refractive index of the order of
1.60, it is only poor in weatherability and higher in
specific gravity. Finally, a resin glass which is prepared
by mixing a pefoxyester as a curing agent to a monomer .
composition composed of methacrylate, a polyfunctional
methacrylate and diacrylate and curing the resulting
mixture by heating and which is superior in transparency
and high in refractive index, has been proposed in Japanese
Laid-Open Patent Publicétion No.3~-70715 (1991). This
polyvmer has, however, a drawback that it is inferior in
adhesivity &o a hard coat film and has a higher specific
gravity.

SUMMARY OF THE INVENTION

It is an object of the present invention to.provide
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drawback that it is inferior in inpact-resistance. A resin glass consisting
i n a copolynmer of .a styrene derivative with a heavy netal_salt of
unsat urated carboxylic acid, and a resin gl ass consi st i g (I rcopakwy of
a nucl eus hal ogen-substituted diallyl phthalate with a
hal ogen-substituted allyl benzoate, prﬁpéséd I n Japane n~ﬂ;*;-_
Publ i cati ons Nos.57-28115 (1982) and 60-55007 (1985), respecti Very—=su&ig
fromthe drawback that while having a higher refractive index of t he order
of 1.58 to 1.60, they are higher in specific gravity and hence inferior in
| i ght wei ght because of the content of |arger amunts of heavy netal ions

and hal ogen atons. A resin glass consisting in a copolynmer of a 4
a cast resin for optical use which has a high refractlve

index and which is superior in transparency, mechanical
strength, resistance to solvents and weatherability.

The above and other objects of the present
invention will become apparent frém the following
description.

In accordance with the present invention, there is
provided a cast resin for optical use obtained by
polymerizing 40 to 89 wt% of a diallyl phthalafe component

represented by the formula (I)

CH, = CCHzoc—@-co(Rzoc—@- o) CHZC CH, (I)

wherein ~-R; is a hydrogen atom or a methyl group,-OR, ‘is a
dihydric alcohol residue having 1 to 5 carbon atoms ‘and m
is an integer of from 0 ta 20,
10 to 59 wt% of.an alkyvlene glycol bis-allyl
carbonate component represented by the formula (II1)
R, O 0. R,
! i i I
CH,=CCH,0CO(R,0C0), CH,C=CH, (11)
wherein -R, is a hydrogen atom or a methyl group, -OR; is a
dihydric alcohol residue héving 1l to 10 carbon atoms and n
is an integer of from 0 to 10, and
l to 30 wt% of a vinyvl compound represented by the
formula (III) | |
—
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styrene nononer and a di (neth)acryl ate nononer containing Bi sphenol A with
an _aryl nethacryl ate nononer has al so been proposed in Japanese Lai d- Open
Pat’ent Publication No.55-13747 (1980). This resin glass has, however, a
drawback that the lens fornmed of the-resin glass tends to be stained in
color, while the resin glass is inferior @ninpact-resistance and
adhesivity to a hard coat film A resin glass consisting in a copol yner of
a hydroxy di (nmeth)acrylate having an aromatic ring, a diisocyanate nononer
and a styrene nonomer has been proposed in Japanese Lai d- Open Pat ent
Publ i cati on No.59-133211 (1984). This resin glass has a drawback that while
havi ng a hi gher refracRyjve i ndex ofCHy®R; order of 1.60, it is only poor in
weat herabi l ity and hi gherNyn speerfic gravity. Finally, a resin glass which
is prepared by mixing a per6xfester as a curing agent to a nononer (III)

conposition conposed of néihacr?haie, a polyfunctional nethacrylate and
diacrylate and curing Hhe resultingﬁOCHz :

wherein ~R; and -R; each indicate different groups and
stand for a hydrogen atom or a group
-COCH, :
I
< 0 Y
wherein X and'Y each indicate a hydrogen atom or a halogen

atom other than a fluorine atom.

DESCRIPTION OF THE PREFERRED EMBQD MENTS

The present invention will be explained in more

detail hereinbelow.

| The cast resin according to the present invention
is obtained by polymerizing polymerizable components
inclusive of a particula£ diallyl phthalate component, a
particular alkylene glvcol bis-allyl carbonate component
Jaqd a particular vinyl compound in the specified
proportiﬁns;

Thé above-mentioned particular diallyl phthalate
component (component 1), employed as an essential
polymerizable componént according to the present invention,
is represented by the following formula (I):

R, O | o) o) o R,
[ fl I Il I I
CH, =CCH,0G —@—‘co(nzoc CO)_CH,C=CH, (1)

wherein -R; is a hydrogen atom or a methyl group, -OR, is a



m xture by heating and which is superior in transparency and high in
refractive index, has been proposed in Japanese Lai dffex

Pabl i cation No.3-70715 (1991). This pol ymer has, howg *'$SﬁEﬁFHW@¥ﬁSN
it isinferior in adhesivity to a hard coat f|In1and haszﬁ&ﬂuﬂuanspeC|
gravity. REPLACEMENT SHET US-A-4 930 879 discl oses T¢ . y
polynmerizing 10 to 80 w-%of diallyl iso- or terephthalate, 5 bIS 50 wt - %
of an al kyl enegl ycol bis-allyl carbonate and 10 to 80 wt-% of an itaconic
and/ or mesaconic acid benzy ester. SUMVARY OF THE INVENTION It is an object
of the present invention to provide a cast resin for optical use which has

a high refraghing {NAFEM YUsJe® rASE 97 o0 5t RRHRA ¥idhs wEhani cal

an integer of ffom 0 to 20.
In the above component 1, if ﬁhe number of carbon

. atoms of R, exceeds 5, the resin is lowered in thermal
resistance and refractive index. There_is no particular
limitation to the valué of m if it is an integer in a range
of from 0 to 20. However, in view of difficulties met in
controllipg the molecular weight during the production, it
is preferred to use a prepolymer composed of fractions
having different values of m so that the prepolymer as a
whole gxhibits certain pattern of distribution of the value
of m. Although there is no particular limitation to the
manner of distribution, the prepolymer may preferably be
composed of 20 to 70 Jt% of a fraction with m = 0, 20 to 40.

wt% of a fraction with m = 1, 1 to 20 wt% of a fraction

3, 0 to 15

with m'= 2, 0 to 20 wt% of a fraction with m
wt% of a fraction with m = 4, 0 to 10 wt% of a fraction

5 and 0 to 10 wt% of a fraction with 6 = m = 20,

with m
if impact-resistance, refractive index or viscosity, aboye
all, of the resulting resin are to be improved. If the

amount of the fraction with m = 0 is less than 20 wt%, the

resin is undesirably increased in viscosity. If the amount
of the fraction with m = 0 exceeds 70 wt%, the resin is
undesirably }owered in impact-resistance. If the amount of

the fraction with 6 £ m < 20 exceeds 10 wt%, the resin is

undesirably increased in viscosity. On the other hand, if
\
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strength, resistance to solvents and weatherability. The above and ot her
obj ects of the present invention will becone apparent fromthe follow ng
description. In accordance with the present invention, there is provided a
cast resin for optical use obtained by polynerizing 40 to 89 wt% of a

di allyl phthal ate conponent represented By-the fornmula (1) [err] wherein
[err] is a hydrogen atomor a nethyl group, - OR2 is a dihydric al cohol

resi due having 1 to 5 carbon atons and mis an integer of fromO to 20
wherein the .fraction of said diallyl phthalate conponent where m=O ranges
from20 to 70 wt-% the fraction where m= 1 ranges from20 to 40 w-% the
fraction where me2 ranges from1l to 20 w-% the fraction where m= 3

-ranges fromphd oy 20, MsomthiecddEtaON e dB T fs Naidesi 4P 0 to 15

wt-% the fraction where m= 5 ranges.fromO to 10 wt-% and the fraction

where 6 [errinerd£séd 20 ¥oegesity OMthd @dboMer’dt Widy be prepared by
ester interchange reaction between diallyl phthalate énd
dihyd:ic alcohol preferably for 2 to 12 hours at 50 to
200°C in the presence of a catalyst. The component i
having the above-mentioned pattern of distribution of the
value of m may be easily prepared bf specifying the amounts
of the starting materials and suitably adjusting the
reaction temperature, the reaction time and the reaction
pressure. Diallyl phthalates which may be emploied may be
enumerated by diallyl phthalate, diallyl isophthalate and
diallyl tereﬁhthalate, while dihydric alcohols may be
enumerated by ethylene glycol,_propylene glycol, |
1,3-propanediol, 1;4-butanediol, 1,3;butanediol and.
neopentyl glycol. The above-mentioned catalysts may be
enumerated by alkali metal hydroxides, such as potassium
hydfoxide or sodium hydroxide, alcholates, calcium
compounds, magnesium compounds, zinc compounds, cadmium
compounds, titanium compounds, germanium compounds, tin
compounds, lead compounds, manganese qompounds and antimony
compounds. A typicai reaction employing diallyl
isophthalate and ethylene glycol may be illustrated by the

follbwing formula:



Substitute sheet - 21 Novenber 1997 10-to 59 wt % of an al kyl ene gl ycol .

bi s-allyl carbonate conponent represented by the fornul g=E=H=Fcr _
[efr] is a hydrogen atomor a nmethyl group, [err] is a {i Fiy@rSHEEItHShBEEN -
residue having 1 to 10 carbon atoms and n_is-an integer {lof frBRPUAGEP 10 ”
wherein the fraction of said atkyl ene gTy2or bis-allyl Tponat e conponent
where n = 1 ranges from20 to 60 w-% the fraction where n = 2 ranges from
25 to 40 wt-% the fraction where n =3 ranges from5 to 25 w-% the
fraction where n =4 ranges from1l to 20 w-% and the fraction where 5
[err] n [err] 10 ranges fromO to 15 w-% and 1 to 30 wt% of a vinyl
conpound represented by the fgrnula (I¢!1) 6 -

fl H _
CH2=CHCHZOC-—IEEJ—— COCH, CH=CH, +m(HOCH,CH,OH ) - =

0] 4] o] 0
f i f I

CH,=CHCH,0C CO(CHZCHZOC'—T::I—-CO)QCHZCH=CH2

+2,CH2=CHcﬁZOH

It is necessary that the component 1 be used inhan
amount in a range of from 40 to 89 wt% based on the total
weight of the polymerizable combonents. If the amount of
the component 1 is less than 40 wt%, the .resulting resin is
lowered in refractive index, whereas if the amount exceeds
89 wt%, the resulting.resin is lowered in impact-resistance
and in color hues. - |

According to the present invention, the
above-mentioned alkylene glycol bis-allyl éarbonate
component (component 2) employed as an essential
polymerizable eomponent ealong with the component 1, is
represented By the following formula (II):

- Ry O o - R,
| If fl [ .

'CH, =CCH,0C0(R;30C0),CH,C=CH, (11)
wherein -R, is a hydrogen atom or a methyl group, -OR, is a -
dihydric alcohol residue having 1 to 10 carbon atoms, and n
is an integer of from 1 to 10.

In the above'component 2, the number of carbon
atoms of R; exceeding 10 is not desirable because the resiﬁ

is lowered in thermal resistance. There is no particular
—_—
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[err] wherein [err] and [err] each indicate different groups and stand for
a hydrogen atomor a group [err] wherein X and Y each ijndicate a hydrogen

atom or a hal ogen atom other than a fluorine atom DES 7
PREFERRED EMBODI MENTS The present invention will be expf al egcon HOPSEEN
detai | hereinbel ow. The cast resin accord®ng to the pr FOLA n._Ls

obt ai ned by pol yneri zi ng pol yneri zabl e conponents inclusive of a particular

di al lyl phthal ate conmponent, a particular al kylene glycol bis-allyl

car bonat e conponent and a particul ar vinyl conpound in the specified

proportions. The above-nentioned particular diallyl phthal ate conponent

(conmponent 1)jimitpt dyedtastize eskentefln pof yiteris s el rcrgonein accangk ng

to the present invention, :
of from 0 to 10. However, in view of difficulties met in
controiling the molecular weight during the production, it
is preferred to use a prepolymer composed of fractions
having different values of_n so that the prepolymer as a
whole exhibits a certain pattern of distribgtion of the
value of n. Although there is no particular limitaiion to
the manner of distribution, the prepolymer may preferably
be composed of 20 to 60 wt% of a fraction with n = 1, 25 to
40 wt% of a fraction'with n=2, 5 to 25 wt¥% of a fraction
with n = 3, 1 to 20 wt% of a fraction with n = 4 and 0 to
15 wt¥ of a fraction with 5 n £ 10 for improving
impact-resistance, refractive index and wviscosity of the
resulting resin. |

The component 2 may be prepared by ester

interchange reaction between diallyl carbonate and dihydric
alcohol preferably for 2 to 12 hours at 50 to 200°C in the
presence ofla éatalyst. fhe component 2 having the
above-mentioned pattern of distribution of the value of n
may be easily prepared by specifying the amounts of the
starting materials and suitably adjusting the reaction
temperature, the reaction time ana the reaction pressure.
The dihydric alcohols which may be employed may be
ehumerated by ethylene glycol, propylene glycol,

1,3-propanediol, 1,4-butanediol, 1,3-butanediol, neopentyl

glycol, diethylene glycol and dipfopylene glycol. The

This Sheet Has Been Re;ilaced
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Is represented by the followng fornmula (1): [err] wherein [err] is a

hydr ogen atomor a nethyl group, -OR2 is a Substitute sheet - 21

Novenber 1997 [err] dihydric al cohol residue having 1 to 5 carbon atonms and

man integer of fromO to 20. In the above conponent 1, if the nunber of

carbon atons of R2 exceeds 5, the resin 1% towered in thermal resistance

and refractive index. In viewof difficulties net in controlling the

nol ecul ar wei ght during the production, a prepolynmer conposed of fractions

having different values of mis used so that the prepolynmer as a whole

exhibits a certain gattern of distribution of the vala? oL m The

prepol ymer i S2E/+HS édeB?NQBaPBd76°Vw§9%fpﬁﬁ??§iY+%ﬂ th ﬁ1°°ﬂp°?6“Po 40
w % of a fraction with 20 Wt % of . a frPc£Aon Wi t 3 0to 20
W% of a frabtfo emFTﬂlﬂ¥3d3f°b %Be preparation o e component

The amount of the component 2 which is to be
employed is 16 to 59 wt% based on thé total weight of the
polymerizable components. If the amount of the cdmponent 2
emplbyed is less than 10 wt%, the resulting resin.becomes
inferior in impact-resistance, color hue or adhesivity to
the hard coat film, whereas if it exceeds 59 wt%, the
resultant resin is lowered in refractive index.

Accarding to the présent invention, fhé
above-mentioned particular vinyl compéund, employed as an
essential polymerizable component along with the components
1 and 2, is represented by the following formula (III):

.Rs  CH,R

c=C (I11)
~ N

H cocuz——<::k\
U]
0

wherein R; and Rg ‘indicate different groups and each

X

represent a hydrogen atom or a group
il
0

wherein X and Y each indicate a hydrogen atom or a halogen

Y

atom other than a fluorine atom.
The vinyl compound 3 may be enumerated by, for
example dibenzyl itaconate, dibenzyl mesaconate,

bis(2~chlorobenzyl) itaconate, bis{4-chlorobenzyl)



15 wt% of a fraction with m=4, 0 to 10 % of a fraction with m=5 and O
to 10 wt% of a faction with 6 [err] m[err] 20, if inpact - resistance,
refractive index or viscosity, above all, of the resulting resin are to be
i mproved. If the amount of the fraction with m= 0 is less than-20 % the
resin is undesirably increased in viscost4y: If the anount of the fraction
wth m= 0 exceeds 70 wt% the resin is undesirably |lowered in

i npact-resi stance. If the amount of the fraction with 6 [err] m[err] 20
exceeds 10 wt% the resin is undesirably increased in viscosity. On the

ot her hand, kvfggggF%;?b¥%Ly§cgiog%§%§€§%gy%%%aé£§%{§sin i s undesirably

I ncreased in conponen prepared by ester

L eLChenae, SEAEH SR BRMERR ) U BILIE SE bR B o

The conponengt;cgﬁgkgg gbg(@bgygmgggggppydip@ggﬁg{bpf di stribution of the
bis(2-bromobenzyl) mesaconate apd bis(4-bromobenzyl)
‘mesaconate.

The amount of fhe vinyi compound 3 employed is in a
range ‘'of from 1 to 30 wt% baséd on the total weight of-thé
polymerizable components and preferably in a range of 3 to
20 wt% in view of the color.hue, impact-resistance and
thermal resistance. If the amount is less than 1 Qt%, the
resultant resin becomes inferior in coleor hue and
impact-resistance, whereas if it‘exceeds 30 wt%, the
resultant resin becomes inferior in thermal resistance.

Although only the components 1 énd 2 and the vinyl
compound 3 may be employed as the polymerizable components
according to the present invention, one or more of other
Qinyl monomers may also be employed. These vinyl monomers
which may be employed preferably include styrene,
p-methylstyrene, p-chlorostyrene, divinyl benzene,
a-methylstyrene,'Vinyl acetate, vinyl benzoate, allyl
benzoate, divinyl phthalate, vinyl naphthalene,
(meth)acrylic-acid, 2-hydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate, glycidyi-(meth)acrylate,
methyl (meth)acrylate, ethyl (meth)acrylate, isopropyl
(mefh)acrylate,.n-propyl {meth)acrylate, isobﬁtyl

{meth)acrylate, séc—buﬁyl (meth)acrylate, n-butyl
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value of mmay be easily prepared by specifying the anmounts of the starting
materials and suitably adjusti'ng the reaction tenperature, the reaction
tifme and the reaction pressure. Diallyl phthal ates which may be enpl oyed
may be enunerated by diallyl phthalate, diallyl isophthalate and diallyl
terepht hal ate, while dihydric alcohols‘n%% De enunerated by ethyl ene

gl ycol, propylene glycol, 1, 3-propanediol, 1,4-butanediol, 1,3-butanedi ol
and neopentyl glycol. The above-nentioned catal ysts may be enunerated by

al kali metal hydroxides, such as potassi um hydroxide or sodi um hydr oxi de,

| chol , | ¢l d | d | ds, d
compounds,  t (BT ORE EORRSndaL 00y hhar hh Chbatntc e FPR it nds, 1 cad

conpounds, Al am conpou ounds,

ol oying’ di SITUT ECERRERaY af o Lnd B RoT ney EFVes) ChaboBem¥h (et ared by

the f0||0“‘ngmgeﬁgukﬁ§late, phenyl (meth)acrylate, benzyl
(meth)acrylate, naphthyl methacrylate, ethyleneglycol
di(meth)adrylate, diethyleneglycol di(meth)aérylate,
triethyleneglycol di(methiacrylate,
2-hydroxy-3~phenoxypropyl (meth)acrylate, 3-acryloyloxy
glycerin monomethacrylate, 2, 2—bis{(meth)acryloyloxyethoxy
phenyl] propane, 2, 2-bis[(meth)acryloyoxydiethoxyphenyl]
propane, 2, 2-bis[(méth)acryloyloxy
(2'-hydroxypropyloxy)phenyl] propane,
2-{meth)acryloyloxyethyl succinate, diisopropyl. fumarate,
dicyclohexyl fumarate, dibenzyl fumarate, dibenzyl
itaconate, dibenzyl mesaconate, maleic anhydride and
itaconic anhydride,.either alone or as a mixture. . The
amount of the other vinyl compound(s) may preferably bé 10
wt% or less based on the total weight of the polymerizable
components. |

For preparing the cast.resin for optical use

'according to the present invention, preferably the
éolymerizable comﬁonents_may be mixed.with a Euring agént
to produce a composition of the polymerizable components,
Which is then directly charged into a desired mold and
polymerized'unde; heating. The atmosphere of the
polymerization system may preferably be that of an inert

gas such as nitrogen, helium or carbon dioxide.



9 [err] It is necessary-that the conponent 1 be used in an anobunt in a
range of from40 to 89 w % based on the total weight of the polynerizable
coffponents. |f the anount of the conponent 1 is less than 40 wt% the
resulting resinis lowered in refractive_index, whereas if the anount
exceeds 89 W% the resulting resin i s™I defed in inpact-resistance and in
col or hues. According to the present invention, the above-nentioned

al kyl ene glycol bis-allyl carbonate conponent (conponent 2) enployed as an
essential pol ynerizabl e conponent along with the conponent 1, is
represented by the following fornula (I1): [err] wherein [err] is a

hydrogen at Oﬁ@érﬁam&y}l, gcrhoeu%orip%éisona of the polymerizable
components may be preliminarily polymerized at a
teméeratufe of preferably 30° to 70°C before being charged
into the mold for polymerization under heating.

Although the polymerization temperature used for
the polymerization under heating is.varied with the curing
agent employed, it may preferably be 20 to 130°C. Besides,
it is preferred to effect the polymerization gradually at a
temperature which is lower by 20°C than the temperature of
the 10~hour half life period of the curing agent employed.
The température may also be raised gradually for reducing
the curing time or processing the non-reacted monomer or
curing agent. The duration of polymerization may |
preferably be 5 to 48 hours.

Since the resin froduced by the polymerization
under heating is subject to internal strain, it may

- preferably be annealed preferably at 100 to 140°C, above
all, 110 to 130°C, preferably for 30 minutes to 6 hours,
abové all, for 1 to 4 hours.

As the curing agent wh;ch may'be employed, org#nic
peroxides having the temperature of the selected 10-hour
half life period of not higher than 120°C may preferably be
employed. More concretely, the curing agents preferably
include benzoyl peroxides, diisopropyl peroxy dicarbonate,’
di-n-propyl peroxy dicarbonate, bis{4-t-butyl

cyclohexyl )peroxy dicarbonate, tert-butyl peroxy isopropyl



L3

di hydric al cohol residue having 1 to 10 carbon atons, and n is an i nteger
of froml to 10. In the above conponent 2, the nunber of carbon atons of R3
excCeeding 10 is not desirable because the resin is |lowered in thernal

resi st ance. Substitute sheet - 21 Novenber 1997 10 In view of
difficulties met in controlling the noreddl ar wei ght during the production,
a prepol yner conposed of fractions having different values of n is used so
that the prepolymer as a whole exhibits a certain pattern of distribution
of the value of n. The prepolynmer is conposed of 20 to 60 w% of a fraction
wthn=1 251t0 40 wt%of a fraction with n = 2, 5 to 25 mﬁ@bof a

ot on I ks e Sy AT S o{p%d,f,;a ST N e e

refractive Indexcxayn)d VI3SC§Stxt:iymegrlch:,I cy[cel foletnénrp e%.sd}{'&r alone or as a
mixture. The amount of the curing agent employed may
preferably be 0.05 to 5§ wt% and more préferably 0.1 to 4
wt% baéed on the weight of the polymerizable components in
their entirety. If the amount of the curing agent employed
is less than 0.05 wt%, sufficient polymerization is not
achieved and the resultant resin becomes inferiér in
physical properties, whereas if it exceéds 5 wﬁ%, the
polymerization reaction becomes difficult to cpntrol so
that surface cracks tend to be produced. |

In the cast resin for optical use accorﬂing to the
present ihvention, the composition of the polymerizable
components may be optionally admixed with coloring agents
such as dyes or pigments, ultraviolet absorbing agents,

~antioxidants, various stabilizers, antistatic agents,
photochromic compounds, fluoréscent brightening agents or
"mold release agents.

In the cast resin for optical use accordiﬁg to the
present invention, a hard coat film m#y be formed on the
resin surface. for further improving the abrasion resistance
-of the resin surface. Besides, a primer layer may be
provided between the resin surface and the hard coat filﬁ
for improving the adhesivity between the resin surface and
the hard coat film. for providipg the hard coat film, a

hard coating agent may be applied by dipping, spin coating,



-

The conponent 2 may be prepared by ester interchange reaction between

dial Iyl carbonate and di hydric al cohol preferably for 2 to 12 hours at 50
to*[err] in the presence of a catalyst. The conponent 2 having the
above-nentioned pattern of distribution-of the value of n may be easily
prepared by specifying the anbunts of Thefstarting materials and suitably
adj usting the reaction tenperature, the reaction tinme and the reaction
pressure. The di hydric al cohols which nay be enpl oyed may be enunerated by
et hyl ene glycol, propylene glycol, 1,3-propanediol, 1,4-butanediol,

e O e i, oSt biansnd peibedn e oot BB e
el Oy O e LR 0T 18190IRA° Bhe o 1952 TRUM o8 oS
resin coated with a primer liquid.

Besides, in the cast resin for optical use
according to the present invention, an anti-reflection film
may be provided on the resin surface for inhibiting surface
reflection for further improving transmittance of the
visible light rays.

The cast resin product for optical use according to
the present invention is colorless and transparent and has
a high refractive index of 1.53 or higher, preferably 1.53
to 1.59 and a high Abbe'’s number not less than 30,
preferably 30 to 45, while Being superior in
impact-resistance, thermal resistance and adhesivity to the
hard coat film, so that it may be advantageously employed
in the fields of lenses for eyeglasses, optical devices or
high refractive index resin plates.

EXAMPLES OF THE INVENTION
| The present invention will be explained with
reference to Examples and Comparative Examples. If is
" noted that these Examples are given only by way of
illustration and are not intended for limiting the scope of
the invention.
Example 1 |
6 g8 of a prepolymer shown by the following forﬁula

(IV), 3 g of a prepolymer shown by the following formula



enployed is 10 to 59 wt % based on the total weight of the polynerizable
conponents. |If the anount of the conponent 2 enployed is less than 10 wt %
the resulting resin becones inferior in inpact-resistance, color hue or
adhesivity to the hard coat film whereas if it exceeds 59 wt% the
resultant resin is |lowered in refractive? ridex. According to the present

I nvention, the above-nentioned particular vinyl conpound, enployed as an
essential polynerizabl e conponrent along with the conmponents 1 and 2, is-
represented by the following formula (I11): [err] wherein [err] and [err]

indi cate dif fﬁ;f;%ﬁggptg)s%@r@imf e LMLt & Y QAN L WXL D O QP

[err] wherein each indicate a hydrogen atom or a hal ogen at om ot her

than a fluorige &f 068 pddisy Vi pW o LAITOUEb i tEM &) G QNI N TS Pkt i SrDlo £

exanpl e di benzyl 1taconate, dibenzyl mesaconate,
polymeri;able components. The composition was charged into
a mold made up of two glass plates, in which an ethylene
acrylate gasket Qas employed. The composition was heated
for 12 hours in a COnstanf-temperature vessel maintained at
40° C Qith a curing temperature set to 40°C. The
temperature was then raised to 80°C over six hours followed
by heating at 80°C for two hours. After the end of

heating, the cured resin was dismounted from the mold and

annealed for two hours at 120°C.

o "0 0 o
i i ll I
CH, =CHCH,0C —CD—CO(CZ}L,OC—@-—CO),,,CH2cH=cn2 - (IV)

‘where the distribution of m is 64 wt% of the fraction with
m= 0, 31 wt¥% of the fraction with m = 1, 4'wt% of the
fraction with m = 2 and 1 wt% of the fraction with m = 3.
o) o
I !
CH,=CHCH,0CO(CH,CH,0CH,CH,0C0 )}, A CH,CH=CH, (V)
where the distribution of n is 52 wt% of the fraction with
n =1, 36 wt% of.the fraction with n = 2, 9 wt% of the
fraction Qith n - 3 and 3 wt% of the fraction with n = 4.
The resultaﬁt cured fesin was surface treated with
a 5 wt% aqueous solution of caustic soda at 40°C, And a
coating solution consisting essentially of

y-glycidooxypropyl trimethoxysilane was applied on the

resin surface by the dipping method. After coating, the



bi s(2-chl orobenzyl) itaconate, bis(4-chlorobenzyl) - 12 - itaconate,
bi s(2-chl orobenzyl) nmesaconate, bis(4-chlorobenzyl). mesaconat e,
bi s(2-'bronbbenzyl) itaconate, bis(4-bronobenzyl) itaconate,
bi s(2- bronobenzyl) mesaconate and bi s(4-bronobenzyl) nesaconate. The anount
of the vinyl conpound 3 enployed is in~—alPange of from1 to 30 wt % based on
the total weight of the polynerizable conponents and preferably in a range
of 3to 20 % in view of the color hue, inpact-resistance and thernal
resistance. If the anount is less than 1 wt% the resultant resin becones
inferior in codsim e andddipdot o eFiigtrakoe begtdmga 2t 1114 Exiooed® 30 w %
the resultant resin becones inferior in thermal resistance.

minutes. .

The cured resin was further provided with a hard
coat film and SiO,, Zr0O,, Al,0; and SiO, were
vabor-deposited on the resin surface in this order in an
argon plasma under a vacuum of 10°° Torr for depositing an
"anti-reflection coating. Various physical properties were
evaluated of the produced resin product. The results are
shown in Table 3.

Meanwhile, the various properties were measured by
the following methods. That is, the refractive index and
the Abbe's number were measured by using an Abbé’s
refractometer. Impact-strength was measured by dropping a
steel ball weighing 68 g from a height of 127 cm. Resin
product samples which were cracked were marked by x,
whereas those which were not cracked were marked by
circles.

Thermal resistance was measured by allowing resin
samples to stand for two hours in a drier maintained at
130°C. The resin products in which changes such as
_deformation, cracking or coloration were observed were
marked with x, whereas those in which these changes were
not noticed were marked with circles. The specific weight
was measured by an in-water substitution method in terms of

the resin weight/resin volume.

The resistance to solvents was measured by allowing



Al t hough only the conponents 1 and 2 and the vinyl conpound 3 may be

enpl oyed as the pol yneri zabl e conponents according to the present

i nvention,. one or nore of other vinyl nononers nmay al so be enpl oyed. These
vi nyl nononers whi ch nay be enpl oyed preferably include styrene,

p- met hyl styrene, p-chl orostyrene, divinyll%enzene, [err] vinyl acetate,

vi nyl- benzoate, allyl benzoate, divinyl phthal ate, vinyl naphthal ene,
(meth)acrylic acid, 2-hydroxyethyl (neth)acrylate, 2-hydroxypropyl
(meth)acrylate, glycidyl (meth)acrylate, nethyl (neth)acryl ate, ethyl
(meth)acrylate, isopropyl (neth)acrylate, n-propyl (neth)acrylate, isobutyl
(meth)acrylate, sec-butyl (nmeth)acrylate, n-butyl - 13 - (neth)acryl ate,

allyl (nEth)a@ﬂgwfgéﬁnr§¥Jﬁﬁgéylto stand in acetone for two hours, and
the resin samples in which changes such as deformation,:
cracking or coloration were noticed were marked by x
whereas those in which these. changes were not noticed were
marked with circles. |

For measuring the adhesivity of the hard coat film,

resin samples were dipped for 48 hours in watef maintained
at 80°C, a checkerboard pattern with 100 squares were
formed on a lens. surface with a razor and a sequence of
application and detachment of a cellophane tape was
repeaﬁed five times. .The adhesivity was indicated by the
number of the cellophane tapes which were.left without
becoming peeled off.

Examples 2 to 15

The polymerization of the resins, deposition of the
hard coat films and the déposition-of the anti-reflection
coatings were perfofmed in the same way és in Example i
except that compositions of the polymerizable components
shown in Table 3 were prepared by using diallyl
isophthalate prepolymers shown in'Table 1 and alkylene
glycol bis-allyl carbonate prepolymers shown in Table 2,
and various physical propgrties were evaluated. The
results are shown in Table 3.

Comparative Examples 1 to 11
Samples of resin products were prepared in the same

way as in Example 1, except employing pélymerizable
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(meth)acrylate, vinyl (nmeth)acrylate, cyclohexyl (neth)acrylate, phenyl
(meth)acrylate, benzyl (neth)acrylate, naphthyl nethacrylate,

et hyl enegl ycol di (nmeth)acryl ate, diethyleneglycol di(neth)acrylate,

triethyl eneglycol di(neth)acrylate, 2-hydroxy-3-phenoxypropyl
(meth)acryl ate, 3-acryl oyl oxy glycerin™ Hoﬁethacrylate, 2,

2- bi s[ (et h) acryl oyl oxyet hoxy phenyl] propane, 2, : _

2- bi s[ (net h) acryl oyoxydi et hoxyphenyl] propane, 2, 2-bis[(neth)acryl oyl oxy
(2' - hydr oxypr opyl oxy) phenyl ] propane, 2-(neth)acryl oyl oxyethyl succinate,

di i sopropyl . fumarate, dicyclohexyl fumarate, di benzyl fumarate, dibenzyl

i taconate, dibenzyl nesaconate, mal ei c anhydride and itaconic anhydri de,
either alone or as a m xture. The anmount of the other vinyl conpound(s) may
pref erably beokponettsr shevs Basddbde #heandt aereceyad uatedhaspdloyneri zabl e

conponents. For preparing the cast resin for optical use
: various physical properties. The results are shown in

Table 4.

Abbreviations used in the Tables 3 and 4 stand for
the following structural formulas or compounds or
prepolymers shown in Tables 1 and 2.

DBzI1: dibenz&l itaconate

DBzM: dibenzyl mesaconate

BCBI: bis(2-chlorobenzyl) itaconate

BCBM: bis(2-chlorobenzyl) mesaconate

BBBI: bis(2-bromobenzyl) itaconate

MMA : methyl methacrylate

ADGC: diethylene glycol bis~allyl carbonate
- DAIP: diallyl isophthalate

CH,

[

CH, =CCOOCH,CH, 0
BMEPP:

‘<§>\ / CH3
c ~_
CH2=CCOOCHZCH204<:>//

I
CH,

BzMA: benzyl methacrylate

BPO: 'benzoyl peroxide

IPP: - diisopropyl peroxydicarbonate

NPP: di-n-propyl peroxydicarbonate -

TCP: bis{4-t-butylcycochexyl) peroxydicarbonate
~TPB: t-butyl peroxydibenzoate

TPI: . t-butyl peroxyisopropyl carbonate



according to the present invention, preferably the polynerizable conponents-
may be mixed with a curing agent to produce a conposition of the

pol yneri zabl e conponents, which is then directly charged into a desired
nol d and pol ynmeri zed under heating. The ?tnnsphere of the polynerization
system may preferably be that of an i ner ¢ gas such as nitrogen, helium or
carbon dioxiderT 5 p L4 - Alfernatively, the conposition of the ’

pol ynmeri zabl e Conponents nay be prelimnarily polynerized at a tenperature
of- preferably 30 to [err] before being charged into the nold for

pol ynmeri zati on under heatify.- Al tl{dugh tHg pol yr@rization tenperature used

e e, 1 R AR S R Sl abd W E AR

Abbreviation R, Proportion (vt.%)
PDAIP-2VLIC,H, 64

C Q)
[

oo:oc»o:woc»cn’wqmmmmommpr—nwmmqmwmmmmmmmmmmmwr—-p

PDAIP-3VL | CH,
CHCH,

wom

PDAIP-4VL | CiH,

[ NV

PDAIP-2L C:H,

R

PDAIP-3L CH,

el

CHCH,

&

PDAIP“ZM Cqu 3
. 2
1
1
S
PDAIP-3M ?H; 3
2
CHCH,; 1
' 1
5~10
PDAIP—ZH C2H4 O 2
1 2
2 1
3 1
4 1
5}
6~20 1

|

continued



it is preferred to effect the polynerization gradually at a tenperature
which is lower by 20'C than the ‘tenperature of the 10-hour half life period
of "the curing agent enployed. The tenperature nay al so be raised gradually
for reducing the curing tine or processing t he non-reacted nononer or
curing agent. The duration of pol ymeri za#¢on may preferably be 5 to 48
hours. Since the resin produced by the polynerization under heating is
subject to internal strain, it may preferably be anneal ed preferably at 100
to [err], above all, 110 to [err], preferably for 30 mnutes to 6 hours,
above all, fo[ 1.t ]Aehouiz. As the curing agent which may be enpl oyed,
organi ¢ per oxli &3 Em%ﬁg the tenperature of the selected 10-hour half ' life
period of not higHer an [err] may preferably be enployed. Mre ’
concretely, the curing agents preferably include benzoyl peroxides,

di i sopropyl peroxy dicarbogate, di-ijroprDperoxy charbonate,

bi s(4-t-butyl ‘

i | | ]
CH;=CHC'H,OC—<_6/\— CO(R:OC—-@—CO) m CH,CH=CH,

[ Abbreviation R m Proportion (wt.%)
PDATP-2VL | C,H, 0 64
1 31
2 4
- 3 1
PDATP-3VL | CH, 0 61
| 1 32
'‘CHCH, 2 S
3 2
PDATP-3L |CH: 0 I5
! _ 1 27
CHCH. 2 16
3 8
4 3
' 5 1-
PDATP-2M C.H, 0 34
1 25
2 16
3 10
4 6
' 5~10 9
PDATP-3M CH, 0 35
| : 1 26
CHCH, 2 17
3 11
4 5)
5~190 3]
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cycl ohexyl ) peroxy dicarbonate, tert-butyl peroxy isopropyl --15 -
carponate, tert-butyl peroxy benzoate and 1, 1-bis(t-butyl
peroxy)-3,3,5-trimethyl cycl ohexne, either alone or as a mxture. The
anount of the curing agent enployed nay preferably be 0.05 to 5 w % and
more preferably 0.1 to 4 wt % based on the23wet ght of the polynerizable
conmponents in their entirety. If -the amount of the curing agent enployed is
| ess than 0.05 wt% sufficient polynerization is not. achieved and the
resultant resin becones inferior in physical properties, whereas if it
exceeds 5 wt % fﬂbaﬂnﬂynerZiation reacti on becomes difficult to control so
that surface cracks tend to be produced. In the cast resin for optical use
according to the present invention, the conposition of the polynerizable

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

Proportion (wt.%)
52

Abbreviation R,
PADC'—ZL CquOCqu

o
(0]

PADC~3L _cI:H3 C|3H3
CHCH.OCHCH,

PADC"ZM CqungHq,

ol
N3 X R R B RN Y R AN Y X Y ey I

PADC—2H|C,H,0C,H,
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DOUOO MM O ~J Wi O -JO|w
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conponents may be optionally adm xed with col oring agents such as dyes or
pi gments, ultraviolet absorbing agents, antioxidants, various stabilizers,
antistatic agents, photochrom c conpounds, fluorescent brightening agents
or nold rel ease agents. In the cast resin for optical use according to the
present invention, a hard coat film may @4 f-ormed on the resin surface for
further inproving the abrasion resistance of the resin surface. Besides, a

primer |ayer| may hBe proVided betweep the |resin [surface and fhe hard cloaty
filmfor inprowng tke gdhesiyity bt weery t e riesi%h sjur fface] artd the?1arc§_
coat film Hor praviding the bard cbhat film a lhard coatingl agent! mayl be.
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directly after curing follow ng the polynerization or on a resin coated
with a prinmer liquid. Besides, in the cast resin for optical use according
to the present invention, an anti-reflection filmmy be provided on the
resin surface for inhi bltlng surface reflection for further inproving
transm ttance of the VISIb|e light rays.23The cast resm product for optical

use accordi ng 4-n¥en-t-|—?-n—|—s eohortess—gnd—transparqnt and has
a high refrag 153 ok hifghery prleferably 1.58 td 1.,,_9 anq’a
hi gh Abbe's han 80, |pref®rahly 30 tq 45, Rnhill e“Hei Bg &
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reference to Exanpl es and Conparative Exanples. |{~F5=weted-that these
Exanpl es are given only by way of illustration ang '
| *mting the scope of the invention. Exanple 1 6 [
the following formula (1V), 3 g of a prepol ynmer showr 1

formul a - 17 - (V) and 1 g of dibenz 6|'taconate wer e adm xed W|th 0. 2 g

of diisopro | eroxvdicarhanate_to i ol ri zabl e
. P n].
_conponents. The conpgsi tion.pwas ¢har ged I8 By Etwo gl ass
. . Log o) St . . Lo
pl ates, in which an ¢t hylene|acryl ate hjas d: [Ther composition
was heated for 12 hojus-in ceohRst-art—tenp Lint;ained at
i i h O4 0 "°u . .
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tenperature was then raised to [err] over six hours followed by heating at
[err] for two hours. After the end of heating, the cured resin was _ .
dismounted from aled for two hour =& E%."e éé‘* ere
t he distributionn il WPEIIRT e 7 acion w [ v g&zﬁ 5% t he
fraction with m=+1,¢4 st % off the fracTi®h With m# 2 anBEﬁF

fraction with m= 3. 0 O [err] wherethe distribution of n
is 52 % of the fraction mﬁth n =1 36 w%of the fraction mﬁth n=2 9
wt % of the fraction with n = 3 and 3 ww% of the fraction with n = 4. The
resultant cured resin was surface treated with a 5 wt % aqueous solutlon of
caustic soda at [err], and a coating solution consisting essentially of

y- HADYESt CLABKEDXYSE

di pping nethod. After coating, the
1. A cast resin for optical use obtalned by

polymerizing 40 to 89 wt% of a diallyl phthalate component

represented by the formula (I)

CHZ-CCH oc—ﬂz:H——CO(Rzoc-{::}——co) cnzc CH, (I)

wherein -R, is a hydrogen atom or a methyl group, -OR, is a
dihydric alcohol residue having 1 to 5 carbon atoms and m
is an integer of from 0 to 20,
10.to 59 wt¥% of an alkylene glycol bis-allyl
carbonate component represented by the formula (II)
R, o 0 R,
| I I
. CH,=CCH,0CO(R;0C0),CH,C=CH, (11)
wherein -R; is a hydrogen atom or é methyl group, -OR; is a
dihydric alcohol fesidue having 1 to 10 carbon atoms and n
is an integer of from 0 to 10, and |
1 to 30 wt¥% of a vinyl compound represented by the
formula (iII) |
Rs ~_ CHyR,

N

//,c=c , (111)
H \\\‘cocﬁz——<::>§\
_ I
o)

wherein -R; and -Rg-each indicate different groups and

X

stand for a hydrogen atom or dgroup

—EOCHz—@\'Y -  Thi St Hes oo re aced
W



- 18 - resin was drler by heating at [err] for 90 m nutes. Thé
cured resin was fu prOV|ded wth a hard coat filmand [err] were
d“ﬂﬂi

Remeegend [ AR e e

a vacuumof [err]
physi cal properties wer e “evAl uat of Thé8 produced re§in _p R EDThe

results are shown in Table 3. Meanwhile, the various properties were
~measured by the follow ng nethods. That is, the refractive index and the
Abbe' s nunber were neasured by using an Abbe's refractoneter.

| mpact -strength was neasured by dropplng a steel ball weighing 68 g froma
: hei ght of 127 cm Resin '

wherein X and Y each indicate a hydrogen atom or a halogen

p

 atom other than a fluorine atom.
2. The cast resin product for éptical use according
to claim 1 wherein.m in the formula (I) stands for a |
distribution pattern in which a fraction of the diallyl
phthalate component represented by the formuia (I) wherein
m is.equal-to 0 accounts for 20 to 70 wt%, a fraction of
the dially phthalate component represented by the formula
(I) wherein m ié equal to 1 accounts for 20 to 40 wt%, a
fraction of the dially phthalate component represented by
the formula (1) whgrein m is egual to 2 accounts for 1 to
20 wt%, a fraction of the dially phthalate component
represented by the formula.(i)'wherein m is equal to 3
accounts for 0 to 20 wt%, a fraction of the dially
phthalate.component represented by the formula (I) wherein
m is equal to 4 accounts for 0 to 15 wt%, a;fraction of the
dially phthalate component represented by the formula (I)
wherein m is equal to 5 accounts for 0 to 10 wt%, and a
fraction of the dially phthalate component represented by
the formula (I) wherein 6 £ m £ 20 accounts for 0 to 10
wt?%.
3'. The cast resin for optical use according to claim 1
wherein n in the formula {II) stands for a distribution
pattern ip which a fraction of the alkylene glycol
bis-allyl carbonate component represented by the formula

(II) wherein n is equal to 1 accounts for 20 to 60 wt%, a

" This Sheet Has Been Reilaced
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pr oduct san‘pi_es_\AhJ_c,h_uer—e—eLasked wer e .marked by x, whereas those which

were not cracked wer e mar ked circles. Thermal resistance was neasured by
al "owi ng reS| g’ﬂl Hﬂlﬁumﬁ for two hours in a dricer maintained at

[err]. The r i ch changes such as deformatdan, cracking or
col oration were observed were narked witR9x whereas those | THISASHER THIES BEEN

changes were not noticed were marked with circles. The spegific HEDMEEDV‘HS
measured by an in-water substitution nmethod in terns of the—res+r

wei ght/resin volune. The resistance to solvents was neasured by all ow ng

- 19 - the resin products to stand in acetone for two hours and the resin
sanpl es in which changes such as defornmation,

fraction of the alkylene glycol bis-allyl carbonate
component-represented.by the formula (II) wherein n is
equal to 2 accounts for 25 té 40, a fraction of the
alkylene'glycol bis~allyl carbonate component representéd
by the formula (II) wherein n is equal to 3 accounts for 5
to 25 wt%, a fraction of the alkylene glycol bis-ailyl
carbonate component represented by the formula (II) wherein
n is equal to 4 accounts for 1 to 20 wf%, and a fraction of
the alkylene glycel bis-allyl carbonate component
represented by the formula (II) wherein 5 £ n £ 10 accounts

for 0 to 15 wt%.

\
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cracking or coloration were noticed were marked by x whereas those in which
t hese changes were not noticed were marked with circles. For neasuring the
adhesivity of the hard coat film resin sanples were di pped for 48 hours in
water maintained at [err], a checkerboard pattern with 100 squares were
formed on a lens. surface with a razor ABgtracgequence of application and
det achnent of a cell ophane tape was repeated five tines. The adhesivity was
i ndi cated by the nunmber of the cell ophane tapes which were |eft without
becom ng peel ed of f. Exanpl es 0_15_The pol ynerizati on of the resins,
deposition of the hard coat f §ﬁ§INh§O§e8§ LCAINUSE the anti-reflection
coatings were perforned in the sane way as in Exanple 1 except that
conpositions of the polynerizabl e conponents shown in Table 3 were prepared
by using diallyl isophthalate prepolynmers shown in Table 1 and al kyl ene

A cast resin for optical use is obtained by
polymerizing 40 to 89 wt% of a diallyl phthalate component
represented by the formula (I)

R, O 0 o o R,
cni:éCHzog-4z:3——go(Rzog—{z:}——go)mcnzé=cuz (1)
wherein -R; is.a hydrogen atom or a methyl group,-OR, is a
dihydric alcohol residue having 1 to 5 carbon atoms and m
is an integer of from 0 to 20, 10 to 538 wt% of an alkylene
glycol bis-allyl carbonate component reéfesented by the
formula (II) _ _ | |
I
CH, =CCH,0CO(R30C0), CH,C=CH, (11)
wherein -R, is a hydrogen atom or a methyl group, -OR; is a
dihydric alcohol residue having 1 to 10 carbon étoms and n
is an integer of from 0 to 10, and 1 to 30 wt% of a vinyl
compound represented by the formula (I11)
Ry CH, R,

c=C | (I11)
/
H COCH 2 @
wherein -R; and ;RG stand for a hydrogen atom or a group
-COCH,
Il
o)

wherein X and Y each indicate a hydrogen atom or a halogen

Y

k]

atom other than a fluorine atom.



glydbl bi s-allyl carbonate prepol yners shown in Table 2, and vari ous

physi cal properties were evaluated. The results are shown in Table 3.

Compar ative Exanples 1 to 11 Sanples of resin products were prepared in the
same way as in Exanple 1, except enploying polynerlzable - 20 - i
copponents shown in Tabl e 4, and were eval Sibstitute gheeyars g L
"properties. The results are shown in Table'Zf“7EﬁT§"J
Tables 3 and 4 stand for the foll ow ng stryctural florfuT as or conp u ds or
prepol yners -shown in Tables 1 and 2. DBzT:* di benzy
di benzyl nmesaconate

siyrene monomer and a di(meth)acfyléte monomer containing
"Bisphenol A with an aryl methacrylate ponomer has also been
propcséd in Japanese.Laid-Open Paient Publication
No.55-13747 (1980). This resin glass has, however, a
drawback that the lens formed of the .resin glass tends to
be stained in color, while the resin glass is inferior in
impact-resisﬁance and adhesivity to a hard coat film.

A resin glass consisting in a copolymer of a
hydroxy di(meth)acrylate having an aromatic ring, a
diisocyanate monomer and a styrene monomer has been
proposed in Japanese Laid-Open Patent Publication
No.59-133211 (1984). This resin glass has a drawback that
while having a higher refractive index of the order of -
1.60, it is only poor in weatherability and higher in
specific gravity. Finally, a resin glass which is prepared
by mixing a peroxyester as a curing agent to a monomer
composition composed of methacrylate, a peolyfunctional
methacrylate and diacrylate #ﬁd curing the resulting
m;xture by heating and which is superior in transparency
and high in refractive index, has been proposed in Japanese
Laid-Open Patent Publication No.3-70715 (1991). This
polvmer has, however, a drawback that it is inferior in
adhesivity to a hard coat film and has a higher specifi§

gravity.



BCBI :
BBBI : '

"bi s(2-chl orobenzyl) itaconate BCBM bis(2-c SALpnat e
bi s(2- bronobenzyl) itaconate MVA: met hyl : ECE@ENT '

(é-i E/}o\hyl ene glycol bis-allyl carbonate DAIP: di aI I y sopht hal at e [b ]
2 VA

, met hacryl at e BPO benzoyl peroxid PP:
per oxydi car bonate NPP:  di-n-propyl peroRYes %‘Fﬁéﬁ eh- meé

7

bt s(4-t-butyl cycohexyl) peroxydi carbonate TPB: ° t-pulyl peroxydibenzpoate

TPI :

per oxyi sopropyl carbonate-5 - 21 - |
US-A-4 930 879 discloses resins obtained by polymerizing 10 to 80 wt-%

of dially! iso- or terephthalate, 5 bis 50 wt-% of an alkyleneglycol bis-allyl

carbonate and 10 to 80 wt-% of an itaconic and/or mesaconic acid benzy

ester.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide

a cast resin for optical use which has a high refractive

index and which is superior in transparency, mechanical
strength,_;esistance to solvents and weatherability.

Thé above and other objects of the pfesent
invention will become apparent from the following
description.

In accordance with the present invention, there is
provided a cast.resin for optical use obtained by
polymerizing 40 to 89 wt% of a diallyl phthalate component

represented by the formula (I)

caz-ccazoc -O— CO(R,0C —@— o) cnzc CH, (I)

wherein -R1 is a hydrogen atom or a methyl group, - OR, is a dihydric
alcohol residue having 1 to 5 carbon atoms and m is an integer of from O to
20 wherein the fraction of said diallyl phthalate component where m=0
ranges from 20 to 70 wt-%, the fraction where m=1 ranges from 20 to 40
wt-%, the fraction where m=2 }anges from 1 to 20 wt-%, the fraction
where m =3 ranges from O to 20 wt-%, tht;. fraction where m =4 ranges
from O to 15 wt-%, the fraction wheré m=5 ranges from O to 10 wt-%, and

the fraction whére 6 Sm <20 ranges from O to 10 wt-%; with
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10 to 59 wtX of an alkylene glycol bis-allyl
carbonate component represented by the formula (II)

R, O O R,
[ i 0 l
CH, =CCH,0CO(R,0C0 } ,CH,C=CH, (II)

wherein - R 4 is a hydrogen atom or a methyf group, -OR3 is a dihydric
alcohol residue having 1 to 10 carbon atoms and n is-an integer of from 1
to 10 whei:éin the fraction of said alkylene glycol bis-allyl carbonate

. component where n =1 ranges from 20 to 66 wt-%, the fraction wheren=2
ranges from 25 to 40_ wt-%, the fraction where n=3 ranges from 5 to 25
wt-%, the fraction where n=4 ranges from 1 to 20 wt-%, and the fraction
where 5 <n < 10 ranges from O to 15 wt-%, and

1 to 30 wt% of a vinyl compoundrepresented by the formuta {lil)



24 rerf]‘
obt ai ned by

25 [err] .26 [err] 28 1. A cast resin for optical

use
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dihydric alcohol residue having 1 to 5 carbon atoms and m an integer of from-

0 to 20.
In the above component 1, if the number of carbon atoms of
R, exceeds 5, the resin is lowered in thermal resistance and refractive index.

In view of difficulties met in controlling the molecular weight during the

production, a prepolymer composed of fractions having different values of m-

is used so that the prepolymer as a whole exhibits a_certain pattern of
distribution of the value of m. The prepoiymer is composed of 20 to 70 wt%
of a fraction with m = 0, 20 to 40 wt% of a fraction withm = 1, 1 t0 20
wt% of a fraction withm = 2, Oto 20 wt% of a fraction withm = 3, O to
15 wt% of a fraction withm = 4, 0 to 10 wt% of a fraction with m = 5 and
0 to 10 wt% of a faction with 8 < m <20, if impact - resistance; refractive
index or v_iscosity, above éll, of the resulting resin are to be improved. If the
amount of the fraction with m = O is less than 20 wt%, the resin is
undesirably increased in viscosity. If the amount of the fraction with m =
O exceeds 70 wt%, the resin is undesirably lowered in impact-resistance.

If the amount of the fraction with 6 < m £ 20 exceeds 10 wt%, the resin

is undesirably increased in viscosity. On the other hand, if



pol yrrerr zZi ng 40 ts 89 W % of a diall'yl phthal ate conponent represented by
the formula (I) [err] wherein [err] is a hydrogen atomor a methyl group,
[err] is a dihydric alcohol residue having 1 to 5 carbon atons and mis an:
integer fromO to 20 wherein the fraction of said di aIIyI pht hal at e
conponent where me0 ranges from 20 to 70 vpubsgti L‘%F'uﬂu:ﬂ's‘i‘e':ll‘
ranges from20 to 40 wi-*, the fraction_ ere ~*’f ¥ o

the fraction where ne=3 ranges from0 to 2 ,
ranges fromO to 15 w-% the fraction. where m=
and the fraction where 6 [err] m[err] 20 rangeg fromO to 10

to 59 wt% of an al kyl ene glycol bis-allyl carborfat®

by the formula (I1) [err] wherein [err& is a hydrogen atom or_a 0z

group, -OR3 is a dihydric al c®hol resi®ue having. I to .10 carbon atomns and n
is an integer of from1 to 10fwherein Hhe fraction of said

cuz-cncuzoc-jzgj—— COCH,CH=CH, +m(HOCH,CH,0H) =

o) o 0 o
: Il o I [ .
CH, =CHCH,0C CO(CH,CH,0C —T::]—-CO)_CH2CH=CH2

+2,CH, =CHCH, OH

It is necessary that the component 1 be used in an

amount in a range of from 40 toc 89 wt% based on the total
weight of tﬁe polymerizable components. If the amount of
the eomponent 1l is less than 40 wt%, the resulting resin is
lowered in refractive index, whereas if the amount exceeds
89 wt%, the resulting resin is lowered in impact-resistance
and in color hues. - |
According to the present invention, the

above-mentioned alkylene glycol bis-allyl carbonate
component (componedt 2) employed as an essential

N polymerizable component along with the component 1, is

represented by the following formula (II):
| i ]
CH,=CCH,0CO(R,0C0) CH,C=CH, (II)
wherein -R; is . a hydrogen atom or a methyl group, -OR; is a
dihydric alcohol residue having 1 te 10 carbon atoms, and n
is an integer of from 1 to 10.
In the above component 2, the number of carbon

atoms of R; exceeding 10 is not desirable because the resin

is lowered in thermal resistance.



al kyl ene QI ycol bis-allyl carbonate conponent where n=1 ranges from20 to
60 Wt-9% the fraction where n=2 ranges from25 to 40 wt-% the fraction
where n=3 ranges from5 to 25 wt-% the fraction where n=4 ranges from1 to
20 wt-% and the fraction where 5 [err] né Sk ‘ L R, ,-:_')_:

W -% and - 28 - 1to 30 wt% of a vinyl—<Conpound FepreseH .
formula (I111) [err] wherein [err] and [err] each_indicate different groups
and stand for a hydrogen atomor group [err] A@M@p%h i ndi cate

a hydrogen atom or a hal ogen at om ot her “t¥n a

In view of difficulties fnet in controlling the molecular weight during the
production, a prepolyrnér #omposed of fractions hav_ing different values of n
is used sb that the prepélymér as a whole exhibits a certain pattern-of
distribution of the valﬁe of n. The prepolymer is composed of 20 to 60 wt%
of a fraction withn = 1, 25 to 40 wt% of a fraction withn= 2, 5to 25 wt%
of a fraction wgfh n = 3, 1to 20 wt% of a fraction withn = 4 and O to 15
wt% of .a fraction with 5 < n < 10 for improving impact-resistance,

refractive index and viscosity of the resulting resin. -

The component 2 may be prepared by ester
interchange reaction between diallyl carbonate and dihydric
alcohol preferably for 2 to 12 hours at 50 to 200°C in the
presence of a catalyst. fhe component 2 having the
above-mentioned pattern of distribution of the value of n
may be easily prepared by speéifying the amounts of the
starting materials and suitably adjusting the reaction
temperature, the ;eaction time and the reaction pressure.
The dihydric alcohols which may be employed may be
enumerated by ethylene glycol, propylene glycol,
l,3-propanediol, 1,4-butanediocl, 1,3-butanedicl, neopentyl

glycol, diethylene glycol and dipropylene glycol. The
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CLAIM
1. A cast resin for optical use obtained by

polymerizing 40 td'89 wt% of a diallyl phthalate component

represented by the formula (I)

I
cxz_ccazoc—4z:3—-00(nzoc-4{:}—-c0) cnzc CH, (I)

wherein -R; is 2 hydrogen atom or a methyl group, -OR, is a

dihydric alcohol residue having 1 to 5§ carbon atoms and m

is an integer.froh 0 to 20 wherein the fraction of said diallyl
phthalate component where m=0 ranges from 20 to 70 wt-%, the
fraction where m=1 ranges from 20 to 40 wt-%, the fraction where
m=2 ranges from 1 to 20 wt-%, the fraction where m=3 ranges from O
to 20 wt-%, the fraction where m=4 ranges from 0 to 15 wt-%, the
fraction where m=5 ranges from O to 10 wt-%, and the fraction
where 6 < m < 20 ranges from O to 10 wt-%; with

10 to 39 wt% of an alkylene glyvcol bis-allyl
carbonate component represented by the formula (II)

' | If
CH,=CCH,0CO(R,0C0) CH,C=CH, (I1)

wherein -R; is a hydrogen atom or a methyl group, -OR; is a

dihydric alcohol residue having 1 to 10 carbon atoms and n

is an integer of from 1 to 10 wherein the fraction of said
alkylene glycol bis-allyl carbonate component where n=1 ranges
from 20 to 60 wt-%, the fraction where n=2 ranges from 25 to 40
wt-%, the fraction where n=3 ranges from S to 25 wt-%, the
fraction where n=4 ranges from 1 to 20 wt-%, and the fraction
where 5 = n < 10 rangeé from 0 to 15 wt-%, and
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1 to 30 wt% of a vinyl cempound“f¥firesented by the
formula (III).

N -
Pl (Ir1)-
H \cocaz-—@\ .
i
. 0 X

wherein -R; and -Rg each indicate different groups and
stand for a hydrogen atom or group <

O | -cocnz—@\

I
0 Y

wherein X and Y each indicate a hydrogen atom or a halogen
atom other than a fluorine atom.



