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POLYMERS OF TRICYCLO[5.2.1.026]DECA-8-YL
(METH)ACRYLATE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to a polymer excellent in trans-
parency, low moisture-absorption properties, and heat
resistance.

Heretofore, poly(methyl methacrylate) resins, poly-
carbonate resins, polystyrene resins, methyl methacry-
late-styrene copolymer resins have been known as
transparent resins. These resins are used as molding
materials or sheet materials for producing electrical and
mechanical parts, automotive parts, light fitment parts;
and general merchandise goods applying their transpar-
ency, thermoplastic properties, and the like. Further,
these resins are going to be used newly as materials for
optical elements such as various optical lenses, optical
fibers, optical connectors, optical disks, optical circuits,
and the like. But with enlargement of application fields,
demands for properties of these transparent resins are
vanied and enhanced, for example, there are newly or
highly demanded low moisture absorption properties,
heat resistance, molding transfer properties, low bire-
fringence of molded products, and the like in addition to
the transparency originally required.

But new matenials satisfying all such demands have
not been developed, and this is an unsolved problem.
For example, poly(methyl methacrylate) resins are ex-
cellent in optical properties such as transparency and
low birefringence but has a fatal defect in moisture
absorption properties. Polystyrene resins are excellent
in low moisture absorption properties but disadvanta-
geously large 1n birefringence and poor in heat resis-
tance. Further, polycarbonate resins are excellent in
heat resistance but disadvantageously very large in
birefringence like polystyrene resins.

In order to improve the moisture absorption proper-
ties and heat resistance of poly(methyl methacrylate)
resins which have high possibility as materials for opti-
cal elements among these resins, there have been pro-
posed processes for copolymerizing cyclohexyl methac-
rylate or benzyl methacrylate with methyl methacrylate
(c.g. Japanese Patent Appin, Kokai (Laid-Open) Nos.
5318/83, 5354/83, 11515/83, and 13652/83). According
to these processes, the moisture absorption properties
can be improved considerably but are still insufficient as
materials for optical elements and there arises another
problem of lowering the heat resistance remarkably.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a polymer’

excellent 1n transparency and heat resistance overcom-
ing the disadvantages of known transparent resins.

It is another object of this invention to provide a
polymer suitable as a material for optical elements over-
coming the disadvantages of known transparent resins.

This invention provides a polymer produced by poly-
merizing a compound of the formula:
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R, M

I
CH;=C—C—0

I
O

wherein R 1s hydrogen or a methyl group, or polymer-
1zing a compound of the formula (I) together with one
or more unsaturated monomers copolymerizable with
the compound of the formula (1)

Thus the polymer has at least a repeating unit of the
formula:

(1)
llh
CH:-(lz

OI!L"'J
0%

wherein R, is as defined above.

‘This invention also provide an optical resin material
comprising a polymer having at least a repeating unit of
the formula (II).

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1, 4,7, 10, 13, 16, 19, 22, 25, 28, 31, 34, 37, 40,
43, 46, 49, 52 and 53 are infrared spectra of the polymers
obtained in this invention.

FIGS. 2, 5, 8, 11, 14, 17, 20, 23, 26, 29, 32, 35, 38, 41,
44, 47 and 50 are nuclear magnetic resonance spectra of
the polymers obtained in this invention.

FIGS. 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36, 39, 42,
45, 48 and S§1 are graphs showing molecular weight
distnbutions of the polymers obtained in this invention.

FIG. 54 15 a graph showing fluidity of a polymer
obtained in this invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The polymer of this invention is characterized by
containing the repeating unit of the formula (II) and
having excellent heat resistance, low moisture absorp-
tion properties and transparency. Features of the re-
peating unit of the formula (II) are caused by attaching
at a side chain a tricyclo{5.2.1.02.6]deca-8-yl group
which is bulky three-dimensionally and large in dis-
placement volume to the main chain, said side chain
giving excellent heat resistance and low moisture ab-
sorption properties.

The polymer of this invention includes a homopoly-
mer obtained by polymerizing a compound of the for-
mula (I), a copolymer obtained by polymerizing differ-
ent kinds of the compounds of the formula (I), a copoly-
mer obtained by polymerizing & compound of the for-
mula (I) and one or more unsaturated monomers co-
polymerizable with the compound of the formula (I).

The compound of the formula:

R; (1)

I
CH;= C—li'i‘—
O
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wherein R;is hydrogen or a methyl group, that is, tricy-
clo-[5.2.1.026]deca-8-yl  methacrylate or tricy-
clo[5.2.1.02.6]-deca-8-y] acrylate, can be prepared by a
conventional process for synthesizing a methacrylic or
acrylic acid ester. For example, the compound of the
formula (I) can be prepared by adding H;O to dicyclo-
pentadiene to give dicyclopentenyl alcohol, which 1s
changed to tricyclo[5.2.1.0¢6]deca-8-01 by catalytic
hydrogenation reaction, followed by ester exchange
reaction with methyl methacrylate or methyl acrylate,
or condensation reaction with methacrylic acid, acrylic
acid, methacrylic acid chloride or acrylic acid chlonide.
The monomer copolymerizable with the compound
of the formula (I) includes unsaturated fatty acid esters,
aromatic vinyl compounds, vinyl cyanide compounds,
unsaturated dibasic acids or derivatives thereof such as
N-substituted maleimides, unsaturated fatty acids or
derivatives thereof such as (meth)acrylamide, etc.
Examples of the unsaturated fatty acid esters are alkyl
acrylates such as methyl acrylate, ethyl acrylate propyl

10

15

20

acrylate, butyl acrylate, hexyl acrylate, lauryl acrylate, -

stearyl acrylate, veneny! acrylate, 2-ethylhexy! acry-
late, etc.; cycloalkyl acrylates such as cyclohexyl acry-
late, methylcyclohexyl acrylate, tricyclo[5.2.1.0%%
Jdeca-8-yl-oxyethyl acrylate, bornyl acrylate, isobornyl
acrylate, adamantyl acrylate, etc.; aromatic acrylic acid
esters such as phenyl acrylate, benzyl acrylate, naphthyl
acrylate, etc.; substituted aromatic acrylic acid esters
such as fluorophenyl acrylate, chlorophenyl acrylate,
bromophenyl acrylate, fluorobenzyl acrylate, chloro-
benzyl acrylate, bromobenzyl acrylate, etc.; haloge-
nated alkyl acrylates such as fluoromethyl acrylate,
fluoroethyl acrylate, chloroethyl acrylate, bromoethyl
acrylate, etc.; acrylic acid esters such as hydroxyalkyl
acrylates, glycidyl acrylate, ethylene glycol acrylate,
polyethylene glycol acrylate, alkylaminoalkyl acryl-
ates, cyanoalkyl acrylate; alkyl methacrylates such as
methyl methacrylate, ethyl methacrylate, propyl meth-
acrylate, butyl methacrylate, hexyl methacrylate, 2-
ethylhexyl methacrylate, lauryl methacrylate, stearyl
methacrylate, vehenyl methacrylate, etc.; cycloalkyl
methacrylates such as cyclohexyl methacrylate, me-
thylcyclohexyl methacrylate, tricylo[5.2.1.0%5]deca-
8yl-oxyethyl methacrylate, bornyl methacrylate, iso-
bornyl methacrylate, adamantyl methacrylate, etc.;
aromatic methacrylic acid esters such as phenyl meth-
acrylate, benzyl methacrylate, naphthyl methacrylate,
etc.; substituted aromatic methacrylic acid esters such
as fluorophenyl methacrylate, chlorophenyl methacry-
late, bromophenyl methacrylate, fluorobenzyl methac-
rylate, chlorobenzyl methacrylate, bromobenzy! meth-
acrylate, etc.; halogenated alkyl methacrylates such as
fluoromethyl methacrylate, fluoroethyl methacrylate,
chloroethyl methacrylate, bromoethyl methacrylate,
etc.; methacrylic acid esters such as hydroxyalkyl meth-
acrylates, glycidyl methacrylate, ethylene glycol meth-
acrylate, polyethylene glycol methacrylate, alkylami-
noalkyl methacrylates, cyanoalkyl methacrylates, etc.;
a-substituted acrylic acid esters such as a-fluoroacrylic
acid esters, a-chloroacrylic acid esters, a-cyanoacrylic
acid esters, etc.

Examples of the aromatic vinyl compounds are sty-
rene: a-substituted styrenes such as a-methyl styrene,
a-ethyl styrene, a-fluoro styrene, a-chloro styrene, etc.;
nuclear-substituted styrenes such as fluorostyrene, chlo-
rostyrene, bromostyrene, methylstyrene, butylstyrene,
methoxystyrene, etc.; vinyl toluene, etc.
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Examples of the vinyl cyanide compounds are acrylo-
nitrile, methacrylonitrile, etc.

Examples of the unsaturated basic acids and deriva-
tives thereof are maleic acid, maleic anhydnde, fumaric
acid, etc.; N-substituted maleimides, e.g. aliphatic N-
substituted maleimides such as N-methylmaleimide,
N-ethylmaleimide, N-propylmaleimide, N-isopropyl-
maleimide, N-butylmaleimide, N-laurylmaleimide, etc.;
alicyclic N-substituted maleimides such as N-cyclohex-
ylmaleimide, etc.; aromatic N-substituted maleimides
such as N-phenylmaleimide, N-methylphenylmalei-
mide, N-chlorophenylmaleimide, N-methoxyphenyl-
maleimide, N-carboxyphenylmaleimide, etc.

Examples of the unsaturated fatty acids and deniva-
tives thereof are acrylic acid, methacrylic acid, etc.;
acrylamides or methacrylamides such as acrylamide,
methacrylamide, N-dimethylacrylamide, N-diethyla-
crylamide, N-dimethylmethacrylamide, N-diethylme-
thacrylamide, etc.; metal salts of acrylic acid or meth-
acrylic acids such as potassium arcylate, potassium
methacrylate, barium acrylate, barium methacrylate,
lead acrylate, lead methacrylate, tin acrylate, tin meth-
acrylate, zinc acrylate, zinc methacrylate, etc.

Among these monomers copolymerizable with the
compound of the formula (I), the N-substituted malei-
mides are preferable for improving the heat resistance.

In the polymerization to produce the polymer of this
invention, there can be employed conventional poly-
merization methods such as radical polymerization,
ionic polymerization, coordination polymerization,
group transformation polymerization, etc. For example,
the desired polymers can be produced by bulk polymer-
ization, solution polymerization, suspension polymeri-
zation, emulsion polymerization in the presence of a
polymerization initiator. Particularly when the contam-
ination of a resulting resin with impurities should be
considered in the case of using said resin as a material
for optical elements, the bulk polymerization or suspen-
sion polymerization is preferable.

As the polymerization initiator, these can be used
those usually used in radical polymenzation and ionic
polymerization, e.g., organic peroxides such as benzoyl
peroxide, lauroyl peroxide, di-t-butylperoxy hexahy-
droterephthalate, t-butylperoxy-2-ethyl hexanoate, 1,1-
di-t-butylperoxy-3,3,5-trimethylcyclohexane, etc.; azo
compounds such as azobisiscbutyronitrile, azobis-4-
methoxy-2,4-dimethylvaleronitrile, azobiscyclohexa-
none-1-carbonitrile, azobenzoyl, etc.; redox catalysts in
combination of a water-soluble catalyst such as potas-
sium persulfate, ammonium persulfate, or the like with a
reducing agent such as a peroxide or a persulfate salt;
organic alkaline compounds such as lithium ethyl, lith-
ium butyl, sodium naphthalene, sodium methoxide, so-
dium butoxide, etc.

The polymerization initiator is preferably used in an
amount of 0.01 to 10% by weight based on the total
weight of the monomer or monomers.

It is possible to use a polymerization regulator such as
a mercaptan compound e.g., dodecyl mercaptan, octyl
mercaptan; thioglycol, carbon tetrabromide, a-methyl
styrene dimer, or the like in order to regulate the molec-
ular weight.

The polymerization 1s carried out at a temperature of
preferably at 0° to 200° C., more preferably 50° to 120°
C.

In the case of solution polymerization, there can be
used as a solvent benzene, toluene, xylenes, methyl
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ethyl ketone, methyl isobutyl ketone, ethyl acetate,
butyl acetate, dichloroethylene, or the like.

In the case of suspension polymerization, the poly-
merization is carried out in an aqueous medium using a
suspending agent and, if necessary, a suspending auxil-
iary.

As the suspending agent, there can be used water-sol-
uble polymers such as poly(vinyl alcohol), methyl cellu-
lose, polyacrylamide, etc., in an amount of preferably
0.03 to 1% by weight based on the total weight of the
monomer or monomers, or hardly-soluble inorganic
substances such as potassium phosphate, magnesivm
pyrophosphate, etc., in an amount of preferably 0.05 to
0.5% by weight based on the total weight of the mono-
mer Or mOnNomers.

As the suspending auxiliary, there can be used anionic
surface active agents such as sodium dodecylbenzene-
sulfonate, etc. When a hardly-soluble inorganic sub-
stance Is used as a suspending agent, co-use of the sus-
pending auxiliary is preferable. The suspending auxil-
lary is preferably used in an amount of 0.001 to 0.02%
by weight based on the total weight of the monomer or
monomers.

(1) The amount of monomer or monomers used for

3
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the polymerization is usually 100 to 5% by weight of 25

(A) the compound of the formula (I) and 0 to 95% by
weight of (B) one or more monomers copolymerizable
with the compound of the formula (1).

In the case of the above-mentioned proportion of the
monomer of monomers, the polymers are excellent in
transparency, heat resistance, and low moisture absorp-
tion.

(2) When the proportion of an N-substituted malei-
mide in the copolymerizable unsaturated monomers
becomes larger, the heat resistance is improved but the
moldability is easily lowered. Therefore, in order to
prevent such a disadvantage, the following monomer
proportions are preferable:

(A) The compound of 100-3% by weight
the formula (I)

(B-1)  N-Substituted 0-30% by weight
maleimide(s)

{(B-2) Other copolymerizable 0-95% by weight

unsaturated monomer(s)

the total being 100% by weight.
(3) In order to produce polymers suitable for mold-

ing materials, it is preferable to make the glass transition
point (Tg) not too low. For such a purpose, the follow-
ing monomer proportions are preferable:

(A)
(B-1)
(B-2-1)

The compound of 100-5% by weight
the formula (I)
N-Substituted
maleimide(s)
Unsaturated monomer(s)
(Tg = 50" C)), ie.,
having a Tg of 50° C. or
less when measured as
to homopolymer thereof
Other copolymerizable
unsaturated monomer(s)

0-50% by weight
0-50% by weight

(B-2-2) 0~95% by weight

the total being 100% by weight.

30

35

40

45

N

33

As the unsaturated monomer(s) (Tg=50" C.) [(B-2- 65

1)], there can preferably be used ethyl acrylate, propy!
acrylate, butyl acrylate, hexyl acrylate, 2-ethylhexyl
acrylate, butyl methacrylate, hexyl methacrylate, or

6

2-cthylhexyl methacrylate, alone or as a mixture
thereof.

(4) In order to produce polymers which are excellent
In transparency, heat resistance, moldability, low bire-
fringence and low moisture absorption properties and
can be used as materials for various optical elements
such as prisms, compensators, optical fibers, optical
connectors, optical disks, ight emitting diodes, etc., the
following monomer proportions are preferable:

M

(A) The compound of 100-20% by weight
the formula (1)

(B-1) N-substituted 0-309% by weight
maleimide(s)

(B-2-1) Unsaturated monomer(s) 0-30% by weight
(Tg = 50° C)

(B-2-2) Other copolymerizable 0-80% by weight

unsaturated monomer(s)

the total being 100% by weight.

(5) In order to produce polymers satisfying all the
above-mentioned properties with higher levels, the
following monomer proportions are preferable:

M

(A) The compound of 100-50% by weight
the formula (I)

(B-1) N-substituted 0-30% by weight
maleimide(s)

(B-2-1) Unsaturated monomer(s) 0-30% by weight
(Tg = 50*" C)

(B-2-2)  Other copolymerizable 0-30% by weight

unsaturated monomer(s)

the total being 100% by weight.

As the unsaturated monomer(s) (Tg=50° C.) [(B-2-
1)), it is preferable to use butyl acrylate, ethyl acrylate
or cyclohexyl acrylate.

As the other copolymerizable unsaturated mono-
mer(s) [(B-2-2)], it is preferable to use methyl methacry-
late, styrene, an a-substituted styrene, a nuclear-sub-
stituted styrene or acrylonitrile.

The polymers of this invention can be used as trans-
parent resins for molding, as materials for optical ele-
ments such as optical disks, optical fibers, optical con-
nectors, optical guides, and as expandable thermoplastic
resin particles.

The above-mentioned polymers are novel. Among
the above-mentioned polymers, preferable ones are
those having the following repeating units in their mole-
cules: | |

(an

wherein R; is hydrogen or a methy) group, in an
amount of 100 to 3 mole %,
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R>
CH:—(IZ
o=¢
(l)""'Rg,

wherein R is hydrogen or a methyl group; and R31s an
alkyl group having 1 to 22 carbon atoms, preferably 1 to
8 carbon atoms from the viewpoint of impact strength
or preferably 9 to 22 carbon atoms from the viewpoint
of flexural strength and flow properties of the polymer,
a cycloalkyl group having 5 to 22 carbon atoms, or an
aromatic group having 6 to 14 carbon atoms, said aro-
matic group may be substituted with one or more alkyl
groups, etc., in an amount of 0 to 97 mole %, and

wherein R4 is an alkyl group having 1 to 6 carbon atoms
or a cycloalkyl group having 5 to 22 carbon atoms, in an
amount of 0 to 30 mole %.

The repeating unit of the formula (II) is derived from
the compound of the formula (I).

The repeating unit of the formula (III) 1s derived
from an alkyl methacrylate such as methyl methacry-
late, ethyl methacrylate, i-propyl methacrylate, n-butyl
methacrylate, t-butyl methacrylate, hexyl methacrylate,
or 2-ethylhexyl methacrylate as preferable exampie; a
cycloalkyl methacrylate such as cyclohexyl methacry-
late as preferable example; an aromatic methacrylic acid
ester such as plenyl methacrylate, or benzyl methacry-
late as preferable example; an alkyl acrylate such as
methyl acrylate, ethyl acrylate, n-butyl acrylate, t-butyl
acrylate, hexy! acrylate, or 2-ethylhexyl acrylate as
preferable example; a cycloalkyl acrylate such as cyclo-
hexyl acrylate as preferable example; an aromatic
acrylic acid ester such as phenyl acrylate or benzyl
acrylate as preferable example.

Considering for preventmg the lowering in low mois-
ture absorption properties, it is preferable to use a mon-
omer having a relatively large carbon atoms at a side
chain such as buty! methacrylate, hexyl methacrylate,
2-ethylhexyl methacrylate, cyclohexyl methacrylate,
phenyl methacrylate, benzyl methacrylate, butyl acry-
late, hexyl acrylate, 2-ethylhexyl acrylate, cyclohexyl
acrylate, phenyl acrylate or benzyl acrylate.

The repeating unit of the formula (IV) is derived
from an N-substituted maleimide such as an N-alkyl-
maleimide, e.g., N-methylmaleimide, N-ethylmalei-
mide, N-propylmaleimide, or N-butylmaleimide as pref-
erable example; or an N-cycloalkylmaleimide, e.g., N-
cyclohexylmaleimide as preferable example.

More concretely, the preferable polymers of this
invention include:

a homopolymer having a repeating unit (1I),
a copolymer having a repeating unit (1I) and a repeating

unit (II) (different 1n R,),

a copolymer having repeating units (II) and (11I),

(Iv)
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a copolymer having repeating units (II) and (1V), and
a copolymer having repeating units (II), (1II) and (IV).

In the copolymer having the repeating units (1I), and
(I11) and/or {IV), when the repeating unit (II) 1s less
than 3 mole %, the heat resistance and the low moisture
absorption properties become insufficient.

In the copolymer having the repeating unit (II) (3
mole % or more) and the repeating unit (1II) (97 mole
% or less, mechanical properties of the copolymer can
be improved by the incorporation of the repeating umit
(III) while maintaining good transparency. But when
the amount of the repeating unit (III) is more than 97
mole % the amount of the repeating unit (II) 1s Jowered
undersirably to lower the effects due to the repeating
unit (II), particularly to lower the heat resistance and
the resistance to moisture absorption of the copolymer.

In the copolymer having the repeating unit (1I) (70
mole % or more) and the repeating unit (IV) (30 mole
% or less), the heat resistance of the copolymer can be
improved by the incorporation of the repeating unit
(IV). But when the amount of the repeating unit (IV) is
more than 30 mole %, the transparency and the resis-
tance to moisture absorption of the copolymer are unde-
sirably lowered.

In the copolymer having the repeating unit (I1I) (10
mole % or more), the repeating unit (1I1) (90 mole % or
less) and the repeating unit (IV) (30 mole % or less), the
total being 100 mole %, when the repeating unit (1I) is
less than 10 mole %, when the repeating unit (II) is less
than 10 mole % and the repeating unit (I111) 1s more than
90 mole %, the heat resistance and the resistance to
moisture absorption of the copolymer easily become
insufficient, while the repeating unit (IV) is more than
30 mole %, there is a tendency to lower the transpar-
ency and the resistance to moisture absorption.

The above-mentioned novel homopolymers or co-
polymers have preferably a weight-average molecular
weight of 10,000 to 1,000,000 (converted to polysty-
rene), which molecular weight is particularly preferable
when used as molding materials. Further, in order to
maintain particularly excellent resistance to moisture
absorption (low moisture absorption properties) of the
abovementioned novel homopolymers and copolymers,
it is preferable to make the carbon atom ratio in the
polymer molecule obtained by the elementary analysis
60% by weight or more.

The polymers of this invention can be used as trans-
parent resins for molding, as materials for optical ele-
ments such as optical disks, optical fibers, optical con-
nectors, optical guides, and as expandable thermoplastic
resin particles.

The polymer may take any form such as a random
copolymer, alternating copolymer, block copolymer or
polymer blend so long as the transparency is not dam-
aged.

When the polymer is practically used for optical
purposes, it may be mixed with one or more antioxi-
dants of conventionally used phenolic compounds,
phosphite compounds, and thioether compounds, mold
release agents of conventionally used aliphatic alcohols,
fatty acid esters, phthalic acid esters, triglycerides, fluo-
rine series surface active agents, metal salts of higher
fatty acids, and other conventionally used additives
such as lubricants, plasticizers, antistatic agents, ultravi-
olet absorbing agents, fire retardants, inactivating
agents for heavy metals, and the like considering pre-
vention of deterioration, thermal stability, moldability,
processability and the like.
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The polymer of this invention can be shaped into

desired articles by a conventional molding method such
as an injection molding method, a compression molding
method, a micro-mold method, a floating mold method,
a rolling method, a casting method, or the like. In the
case of casting method, a partially polymerized material
may be casted in a mold, wherein the polymerization is
completed to give the desired shaped article which is
also the polymer of this invention.

Among the polymers of this invention, more suitable
for matenals for optical elements are those having a
saturated water absorption rate of 1.8% or less prefera-
bly 1.2% or less, more preferably 0.6% or less, an Abbe
number of 45 ore more, preferably 50 or more, more

10

preferably 355 or more, and a glass transition point of 15§

100° C. or higher, preferably 120° C. or higher.

The optical dispersion is indicated by an Abbe num-
ber. The larger the Abbe number becomes, the better.
The low moisture absorption properties can be indi-
cated by the saturated water absorption rate, the value
of which becomes smaller, the better. The heat resis-
tance 1s indicated by the glass transition point, the value
of which becomes larger, the better. In order to make
these properties of the polymers in the above-men-
tioned ranges, the amounts of the compound of the
formula (I) and monomers copolymerizable therewith
together with their kinds are properly selected as men-
tioned ranges, the amounts of the compound of the
formula (I) and monomers copolymerizable therewith
together with their kinds are properly selected as men-
tioned previously. Further, since the compound of the
formula (I) does not contain a double bond except for in
the portion to be polymerized, when a monomer having
a double bond only in the portion to be polymerized is
used as the copolymerizable unsaturated monomer, the
resulting polymer is excellent in resistance to light. In
addition, when a monomer having no aromatic ring is
used as the copolymerizable unsaturated monomer, the
resulting polymer is excellent in birefringence.
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There 1s no particular limit to the molecular weight of 40

the polymers, but considering the heat resistance and
mechanical properties, the weight-average molecular
weight (converted to polystyrene) of 10,000 to
1,000,000 is preferable particularly when used as a
molding matenal.

In order to maintain particularly excellent resistance
to moisture absorption (low moisture absorption prop-
erties) of the materials for optical elements, it is prefera-
ble to make the carbon atom ratio in the polymer mole-
cule obtained by the elementary analysis 60% by weight
Or more.

The optical resin material, if necessary as a mixture
with the above-mentioned additives or a blend with the
above-mentioned additives, can be shaped into various
optical elements by the above-mentioned molding or
shaping methods.

The optical elements include lenses for general cam-
eras, video cameras, telescopes, laser beams, projectors,
ophthalmologic instruments, collecting sunbeams, opti-
cal fibers, etc., prisms such as a penta prism, light trans-
mitting elements such as optical fibers, optical guides,
etc., disks such as optical video disks, audio disks, docu-
ment-file disks, memory disks, etc., these exhibiting
their functions by transmitting light.

The shaped articles can be improved in resistance to
moisture, optical properties, resistance to chemicals,
wear resistance, and anti-fogging properties by coating
the surfaces thereof with MgF2, Si0; or the like inor-
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ganic compound by a vacuum metallizing method, a
sputtering method, an ion plating method or the like, or
hard-coating the surfaces thereof with an organic sili-
con compound such as a silane coupling agent, a vinyl
monomer, a melamine resin, an epoxy resin, a fluorine
resin, a silicone resin, or the like.

This mvention 1s illustrated by way of the following
Examples, in which all parts and percents are by weight
unless otherwisé specified.

SYNTHESIS EXAMPLE 1

In a 10-liter separable flask equipped with a stirrer, a
condenser and a water separator, 2700 g of tricy-
clo[5.2.1.02:5]deca-8-0] (white crystal powder), 1896 g
of methacrylic acid, 2700 g of toluence, 135 g of p-tol-
uenesulfonic acid and 0.64 g of hydroquinone mono-
methyl ether were placed and reacted at 115° C. with
stirring for 2 hours while removing the water generated
out of the system. Then, the reaction solution was taken
out of the flask and then subjected to distillation to
remove low boiling point components. Then, 15 g of
hydroquinone monomethyl ether was added to the re-
sulting solution and distillation under reduced pressure
was conducted to isolate a distillate having a boiling
point of 90°-95° C. under 0.7 mmHg. The distillate was
washed with an aqueous solution of 2% KOH, washed
with water, dehydrated and filtered to give tricy-
10[5.2.102:6]deca-8-y] methacrylate (hereinafter referred
to as “"TCD-MA”) in 80% yield and 99.5% purity.

SYNTHESIS EXAMPLE 2

In a 10-liter separable flask equipped with a stirrer, a
condenser and a water separator, 2700 g of tricy-
clo[5.2.1.02.6]deca-8-0l, 1588 g of acrylic acid, 2700 g of
toluene, 135 g of p-toluenesulfonic acid, and 0.64 g of
hydrogquinone monomethyl ether were placed and re-
acted at 115° C. with stirring for 2 hours while remov-
ing the water generated out of the system. Then, the
reaction solution was taken out of the flask and then
subjected to distillation to remove low boiling point
components. Then, 15 g of hydroquinone monomethy!
ether was added to the resulting solution and distillation
under reduced pressure was conducted to isolate a dis-
tillate having a boiling point of 87°-92° C. under 0.7
mmHg. The distillate was washed with an aqueous
solution of 2% KOH, washed with water, dehydrated
and filtered to give tricyclo[5.2.1.02.6]deca-8-yl acrylate
(hereinafter referred to as “TCD-AA”) in 70% vield
and 99.5% purity.

Component (i)

TCD-MA 100 parts
Lauroyl peroxide 0.4
m-Dodecyl mercaptan 0.2
Demineralized water 270
Potassinm triphosphate 30

(10% aqueocus suspension)

Sodium dodecylbenzene- 0.015
sulfonate

Sodium sulfate 0.3

The components (i) and (ii) were placed in a reactor
and polymerization was conducted at 60° C. for 2 hours
and 98" C. for 4 hours with stirring under nitrogen
atmosphere. The resulting polymer particles were fil-
tered, washed with an acid, washed with water, repeat-
ing the washings several times, dried and molded into
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pellets by using an extruder to evaluate properties. The erties of the resulting polymers were evaluated in the
results are shown in Table 1. same manner as described in Example 1.
Properties were evaluated as follows: The results are shown in Table 1.
TABLE 1
- — e ExampleNo. 00000000000
Reference
Reference  Example 2
Exam- Exam- Exam- Exam- Exam- Exam- Exam- Exam- Example i (poly-
ple | ple2 ple3l ple3-2 ple4l pled2 plesS-]1 ples-2 (PMMA) carbonate)
TCD-MA 100 — 9C BS 90 80 80 10
TCD-AA —_ 100 — — —_ —_ —_ —_
n-Butyl acrylate —_ _— 10 IS5 —_ — — —
Ethyl acrylate — — — — 10 20 —_ —
Cyclohexyl — - - - _ — 20 30
acrylate
Tg (CC.) 173 103 142 128 148 140 142 133 115 152
Light transmit- 9] 9] 91 91 21 90 90 9% 93 88
tance (%)
Moisture 0.2 0.2 0.2 0.2 0.2 03 03 0.4 2.0 0.4
absorption (%)
Birefringence®! 0 o o o 0 0 o o 0 X
Impact strength®? A 0 o o o o a A o 0
Melt index 1.5 3.5 2.0 2.2 2.0 2.9 2.3 2.8 20 2.5
(g/10 min)
Note
*l5 good. x bad
*25 good, A slightly good
PMMA = poly(methyl methacryiate)
Glass transition point (Tg) . . . Measured by using a
differential scanning calorimeter (DSC) and indicated EXAMPLES 6 TO 8
by a peak temperature (*C.) at an endothermic time in The process of Example 1 was repeated except for
the glass transition 0 using monomers as listed in Table 2. Properties of the
Light transmittance (%) . . . ASTM D1003 resulting polymers were evaluated in the same manner
Moisture absorption rate (%) ... ASTM D570 as described in Example 1.
Impact strength . . . A molded plate was fallen from The results are shown in Table 2.
TABLE 2
| Example No.
Reference
Example Example Example Example Example Example Example Example ]
6-1 6-2 6-3 7-1 7-2 8-] 8-2 (PMMA)
TCD-MA 80 50 20 — - 80 60 _—
TCD-AA ~ — — 80 50 — — —
Methyl methacrylate 20 50 80 20 30 — —_ 100
Cyclohexyl meth- —_ — - _ _— 20 40 —
acrylate
Tg (°C.) 160 144 123 110 115 156 14] 115
Light transmittance 91 92 93 9] 93 93 93 93
(%)
Moisture absorption 0.4 1.0 1.5 0.5 1.0 0.3 0.4 2.0
(%)
Meli index 2.0 2.0 2.0 3.0 35 2.2 2.5 2.0
(/10 min)

a height of 1 m and the state of the plate was evaluated.

(0...good, A ...shghtly good) E?AMPLES 9 AND 10

The process of Example 1 was repeated except for

EXAMPLES 2 to using monomers as listed in Table 3. Properties of the

The process of Example | was repeated except for 33 resulting polymers were evaluated in the same manner
using monomer or monomers as listed in Table 1. Prop-  as described in Example 1.

The results are shown in Table 3.
TABLE 3

Example No.
Example Example Example Example Example Reference Reference

9-1 9.2 9-3 10-1 10-2 Example 3 Example 4
TCD-MA 70 50 30 50 30 — —
Styrene 30 50 70 35 50 100 70
Acrylonitrile —_ — — 15 20 —_ 30
Tg ("C.) 153 140 125 145 128 109 115
Light transmittance %0 90 88 88 88 B8 88
(%)

Melt index 7.5 8.2 9.0 1.0 1.5 9.5 7.5
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TABLE 3-continued

14

Example No.

Example Example
9-2 9-3

Example
10-1

Example
9-1

Exampie
10-2

Reference
Example 4

Reference
Example 3

(/10 min)

The material of Example 9-3 has an Abbe number of
34.

EXAMPLES 11 TO 15

The process of Example 1 was repeated except for
using monomers as listed in Table 4. Properties of the
resulting polymers were evaluated in the same manner
as described in Example 1.

The results are shown in Table 4.

TABLE 4
Example No.

10

15

and the precipitated and deposited polymer was fil-
tered, and dnied to give a white powdery polymer. The
glass transition point and a decomposition beginning
point of the resulting polymer were measured and
shown in Table §.

EXAMPLES 17 TO 21

The process of Example 16 was repeated except for
using monomers as listed in Table 5. Properties of the
resulting polymers were evaluated 1 the same manner as
described 1n Example 16.

The results are shown in Table 5.

TABLE 5
Example No.
16 17 18 19 20 21
Monomer TCD-MA 200 — 100 160 120 —
13 TCD-AA — 200 100 — — 180
Ethyl —_ — —_— 40 - _—
methacrylate
Cyclohexyl — _— — — 80 —_—
methacrylate
N-Methyl- — — — —_ — 20
maleimide
Yield of powdery polymer 97 98 9% 97 97 99
(%)
Tg (‘C.) 173 102 141 144 141 125
Decomposition 237 255 245 238 239 265
beginning point (°C.)
Light transmittance {%z) 91 o1 91 91 o1 90
Moisture absorption (%) 0.2 0.2 0.2 0.3 0.3 0.5
Ex- Ex- Ex- Ex- Ex-
ample ample ample ample ample
1} 12 13 14 15
TCD-MA — —_— 50 75 75
Lbor ” ” o I P a0 EXAMPLE 22
N-Methylmaleimide 10 — 10 10 — In a 500-m] triangular flask equipped with a threeway
Cyclohﬂyln;alﬂmldﬂ — 10 — — 10 stop ctock, 200 g of TCD-MA obtained in Synthesis
,“r‘:;‘,‘g)"“y ae 125 125 150 ‘g !3 Example 1, 0.8 g of lauroyl peroxide and 0.4 g of n-
Light transmittance 91 90 91 90 90 dodecyl mercaptan were placed, and the air in the flask
(%) | 45 was replaced by nitrogen gas while conducting mixing
Moisture absorption 0.5 0.5 0.5 0.5 0.5 and dissolving. Then the flask was dipped in a constant
(%) temperature water bath at 60° C. with stirring to con-
duct the polymerization for 30 minutes under nitrogen
stream to give a partially polymerized material. Then
EAAMPLE 16 50 the partially polymerized material was cast into a glass
In a 500-ml triangular flask equipped with a threeway cell, subjected to the polymerization at 60° C. for 2
stop cock, 200 g of TCD-MA, 0.8 g of lauroyl peroxide hours and at 100° C. for 2 hours to give a transparent
and 0.4 g of n-dodecyl mercaptan were placed, and the  sheet-form polymer.
air in the flask was replaced by nitrogen gas while con- The total light transmittance (ASTM D1003) and
ducting mixing and dissolving. Then, the flask was 55 moisture absorption rate (ASTM D570) of the resulting
dipped in a constant temperature water bath of 60° C.  polymer were measured. The results are shown in Table
with stirring to conduct the polymerization for 30 min- 9.
utes under nitrogen stream to give a partially polymer- Then, the polymer in an amount of 100 g was dis-
ized material. Then the partially polymerized material  solved in 200 g of tetrahydrofuran. The resulting solu-
was cast into a glass cell, subjected to the polymeriza- 60 tion was poured into 5 liters of methanol with stirring

tion at 60° C. for 2 hours and 100° C. for 2 hours to give
a transparent sheet-form polymer.

The total light transmittance and water absorption
rate of the resulting polymer were measured.

The results are shown in Table 5.

Then, the polymer in an amount of 100 g was dis-
solved in 200 g of tetrahydrofuran. The resulting solu-
tion was poured into 5 liters of methanol with stirnng

65

and the precipitated and deposited polymer was filtered
and dried to give a white powdery polymer. Elemen-
tary analysis values, repeating unit ratio (in the main
chain), glass transition point, decomposition beginning
point, weight-average molecular weight, infrared ab-
sorption (IR) spectrum, nuclear magnetic resonance
(NMR) spectrum and molecular weight distribution by
high-speed liquid chromatography (HLC) analysis
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were measured as to the resulting polymer and shown in
Tables 6 and 8.

EXAMPLES 23 TO 27

The process of Example 22 was repeated except for
using monomer of monomers as listed in Table 6 to give
transparent sheet-form polymers and white powdery
polymers.

Monomer ratios, yields of powdery polymers, IR
specira, NMR spectra, molecular weight (MW) distn-
butions of these polymers are listed in Table 6, elemen-
tary analysis values, glass transition points, decomposi-
tion beginning points and weight-average molecular
weights are listed in Table 8 and total hght transmit-
tances and moisture absorption rates are listed in Table
9.

The IR spectra were based on the KBr method.

The molecular weight distribution graphs were ob-
tained by measuring molecular weights by using a HLC
analyzer (Hitachi 635 A type, mfd. by Hitachi, Ltd.)
(HLC measurement), integrating the results every 0.5
minute of elution time by using an integrating plotter
{Chromato Graph Processor 8000 A type, mfd. by Sys-
tem Instruments Co.), and plotting the thus obtained
results. The weight fraction was taken along the ordi-
nate axis and the molecular weight (M) in logarithm
value (log M) was taken along the abscissa axis. The
molecular weight was calculated by converting to that
of polystyrene.

[Explanation on Drawings]
EXAMPLE 22

The IR spectrum chart of F1G. 1 shows an absorption
at near 1730 cm—! due to the carbonyl group of poly-
methacrylic ester.

The NMR spectrum chart of FIG. 2 shows peaks
near | to 2.1 ppm due to the methyl group, the methy-
lene group and the tricyclo[5.2.1.02.6]deca-8-yl group in
the main chain, and a small peak at near 4.4 ppm due to
the proton O—CH < in the tricyclo[5.1.2.02.%]deca-8-y]
group neighboring to the carbonyl group of meth-
acrylic ester.

(2) EXAMPLE 25

The NMR spectrum chart of FIG. 11 shows a peak at
near 1.2 ppm due to the proton

—QO—C—CH,;

in the ethyl group neighboring to the carbonyl group
and a small peak at near 4 ppm due to the proton
——CHy—.

(3) EXAMPLE 26

The NMR spectrum chart of FIG. 14 shows small
overlapped peaks at near 4.7 ppm due to the proton

/
—O—CH
N

in the cyclohexyl group neighboring to the carbonyl
group.
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(4) EXAMPLE 27

The IR spectrum chart of FIG. 16 shows absorptions
at near 1705 cm—! and 1780 cm—! due to the imide

group.

‘The NMR spectrum chart of FIG. 17 shows a small
peak at near 2.9 ppm due to the proton of N-methyl
group neighboring to the imide group.

TABLE 6
Example No.
22 23 24 25 26 27
Monomer TCD-MA 200 — 100 160 120 —_
3 TCD-AA — 200 100 — — 180
Ethy] - - - &0 - -
methacrylate
Cyclohexyl — — —_— —_ 80 —_
methacrylate
N-Methyl- —_ — — — — 20
maleimide
Yield of powdery polymer 97 98 98 97 97 99
(%)
IR spectrum FIG. FIG. FIG. FIG. FIG. FIG.
1 4 7 10 13 16
NMR spectrum FI1IG. FIG. FIG. FIG. FI1G. FIG,
2 5 8 11 14 17
MW distribution FIG. FIG. FIG. FIG. FIG. FIG.
3 6 9 12 15 18
EXAMPLE 28

In a 3-liter separable flask equipped with a stirrer and
a condenser, 100 g of a 109% basic potassium phosphate
suspension as a dispersing agent, 0.005 g of sodium
dodecylbenzensulfonate and 1 g of sodium sulfate were
placed together with 2900 g of pure water to give a
suspended medium after stirring and mixing. To this, a
mixture of 750 g of TCD-MA, 150 g of n-butyl acrylate,
100 g of N-methylmaleimide, 4 g of lauroyl peroxide
and 1 g of n-dodecyl mercaptan (a mixture of mono-
mers, an initiator, and chain transfer agent) was added
and the polymerization was carried out under a nitro-
gen atmosphere with stirring at 200 r.p.m. at 60° C. for
3 hours and at 98" C. for 4 hours. The resulting polymer
particles were filtered, washed with an acid, washed
with water and dried. The polymer particles in an
amount of 100 g was dissolved in 200 g of tetrahydrofu-
ran. The resulting solution was poured into § liters of
methanol with stirring and the precipitated and depos-
ited polymer was filtered, dried to give powdery poly-
mer.

EXAMPLES 29 TO 40

The process of Example 28 was repeated except for
using monomers, polymerization initiators and n-dode-
cyl mercaptan in kinds and amounts as Jlisted in Table 7
to give powdery polymers.

The elementary analysis values, repeating unit ratios
in the main chain, glass transition points, decomposition
beginning points, weight-average molecular weights,
IR spectra, NMR spectra, and MW distributions were
measured in the same manner as Example 22 and listed
in Tables 7 to 9. [Explanation on Drawings]

(3) EXAMPLE 28

The NMR spectrum chart of FIG. 20 shows a small
peak at near 4.0 ppm due to the proton —O—CH>— in
the n-butyl group neighboring to the carbonyl group.
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began when measured by using a differencial thermo-
gravimetric balance (TG-DTA).
The weight-average molecular weight was calculated

17

(6) EXAMPLE 32
The NMR spectrum chart of FIG. 32 shows a peak at

near 1.4 ppm due to the t-butyl group. based on FIG. J.
)
(7) EXAMPLE 35 TABLE 9
Light Moisture
Thg Né MR spectrum 1;::hart c;]f FIG. 41 shqws a p_cak at  ance Jsorption
near 3.6 ppm due to the methyl group neighboring to Example No. (%) (%)
the carbonyl group. 2 o1 02
10 23 9] 0.2
(8) EXAMPLE 39 2% 51 0.2
The IR spectrum chart of FIG. 82 shows absorptions 25 91 0.3
at near 3000 cm—1, 1500 cm—1, 1470 cm—1!, 1445 cm ! &6 - 0.)
d 1200 cm~! due to the benzyl e o o
an cm uc 10 1AC DENZy! group. 28 90 0.5
TABLE 7
- ExampleNo 0000000000000
28 29 30 il 32 33 34 35 36 37 38 39 40
Monomers, etc (g)
TCD-MA 750 900 900 850 800 800 700 550 600 750 750 20 10
Ethy! acrylate — 100 —_ — — — — —_ —_ — —_ — —_
n-Buty] acrylate 150 —_ 100 150 — _ e SO 100 100 150 — —
t-Butyl acrylate — — — —_ 200 -_— — —_ — —_ — — -—
2-Ethylhexyl acrylate — — — —_ — —_ _ — — —_ — 2 —
Cyclohexyl acrylate — — — - — 200 — — — —_ —_ —_ —_
Methyl methacrylate — — — - — — — 400 300 150 — 63 90
Ethyl methacrylate — — - — — - 300 — — — —_ — —
Benzyl methacrylate — - — — - - — —_ — —_ — 15 —
N-Methylmaleimide 100 -— — — —_ - — —_ — — —_ —_ —
N-Cyclohexylmaleimide —_ —_ —_ — —~ — — - — 100 — —
Lauroy] peroxide 4 — — 4 4 4 4 4 4 4 4 4 4
Benzoy! peroxide — 3 5 —_ —_ — —_ —_— —_ —_— - —_ —_
n-Dodecyl mercaptan 1 3 1.5 2 1.5 1.5 1.5 2 1 ] 1 1 |
Yield of powdery polymer 995 98 99 99.5 99.5 99.5 98 98 98 98 98 98 o8
(mole %)
IR spectrum FIG. FIG. FIG. FIG. FIG. FIG. FIG. FIG. FIG. FIG. FIG. FIG. FIG.
19 22 25 28 31 34 37 40 43 46 49 52 53
NMR spectrum FIG. FIG. FIG. FIG. FIG. FIG. FIG. FIG. FIG FIG. FIG. — —
20 23 26 29 35 38 4] 44 47 50
MW distnibution FiG. FIG. FIG. FIG. FI1G. F1G. FIG. FI1G. FIG. FIG. FIG. — —_
21 24 27 30 33 36 39 42 45 48 51
TABLE B8
Decomposition Weight-average
Elementary analysis Repeating beginning molecular
Example values (wt. %) units (mole %) Tg point weight
No. O H O N I HI IV (*C) *C.) (x 10%
22 757 94 149 — 100 — — 173 237 7.3
23 751 96 153 —~ 100 — — 103 255 16
24 754 935 151 — 100 — — 141 245 9.2
25 738 90 172 — 68 32 — 144 238 10
26 744 93 163 — 54 46 — 141 239 8.4
27 736 83 168 1.3 83 — 17 125 265 21
28 727 87 174 12 63 21 16 143 260 52
29 48 94 158 — B8O 20 — 148 266 6.6
30 753 901 156 — B84 16 — 142 267 17
31 743 94 163 — 77 23 — 128 269 9.3
32 73.7 93 170 — 70 30 - 148 242 13
33 746 96 158 — 74 26 — 142 264 11
34 723 95 182 = 35 45 =— 144 236 12
35 690 90 20 — 36 &4 — 135 250 10
36 704 88 208 — 42 58 — 134 260 4
37 729 90 181 — & 40 134 260 54
38 738 90 164 OB 66 23 11 137 260 51
39 61.7 138 245 — 11 89 — 140 — —_
40 61.7 82 301 — S5 9 — 132 — -
In Table 8, the repeating unit ratio (in the main chain)
was indicated by mole % of individual repeating units §g gi g'g
of the formulae (I_I), (I1I) and (IV) calculated from the 31 91 0.3
elementary analysis values. 32 91 0.3
Glass transition point was measured in the same man- 65 33 9] 0.2
) . 34 1 0.4
ner as described in Example 1. 38 - 0.6
The decomposition b_eginning po_int was indicated by 16 92 0.8
the temperature at which the weight loss by heating 37 91 0.3
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TABLE 9-continued 150° C. for 2 hours to give a transparent cast plate of 150
. _ mm X 150 mm X 3 mm.
Light Moisture
transmittance adsorption EXAMPLES 42 TO 49
Example No. (%) (%)
” - - s COMPARATIVE EXAMPLES 1 TO 3
39 gg i; The process of Example 41 was repeated except for
Poly{ﬁﬂhyl 91 20 using monomer or monomers as listed in Table 10 to
methacrylate)® give transparent cast plates.
TABLE 10
(unit: g)
- bompleNe.
Com- Com- Com-
m- P!.‘l“ﬂ- p!ra-
tive tive tive
Example Example Example Example Example Example Example Example Example Exam- Exam- Exam-
41 42 43 44 43 46 47 48 49 plel ple2  ple3
TCD-MA 200 — 100 50 100 180 140 180 160 — — —
TCD-AA — 200 100 — _ —_ —_ _ — —_ _ —_
Methyl —_ — —_ 150 — — 50 — — 200 — —_—
metha-
crylate
Cyclohexyl — — — — 100 — _ —_ — — 200 —
metha-
crylate
n-Octa- —_ — — —_ — 20 —_ —_— _— — - _
decyi-
metha-
crylate
n-Buty] — —_ — — - -— 10 — - — — —_
ACrylate
Styrene —_ — — —_ _ — —_ 20 40 — — 200
Note 30
*Acrypet VH, mfd. by Mitsubishi Rayon Co., Ltd,
The cast plates obtained in Examples 41 to 49 and
Comparative Examples 1 to 3 were subjected to tests
EXPERIMENT] for measuring the total light transmittance, refractive
Flow properties at extrusion and molding of the poly- 35 index, Abbe number, saturated water absorption rate

mer particles obtained in Example 30 were measured by
using a Koka type flow tester (nozzle diameter 1 mm,
cylinder crosssectional area 1 cm?; mfd. by Shimazu
Seisakusho, Ltd.) at a pressure of 20 kg/cm? and various
temperatures of 200° C., 205° C,, 210° C,, 215° C,, and
220° C. to measure flowed out resin volumes per min-
utes (flow rate) (cm3/min). The flow rate was taken
along the ordinate axis in logarithm and the flow prop-
erties were shown in FIG. 54 as the curve 1. The flow
properties of commercially available poly(methyl me-
thacrylate)(Acrypet VH, a tradename mid. by Mit-
subishi Rayon Co., Ltd.) were also measured for com-
parison and shown in FIG. 54 as the curve 2.

As is clear from FIG. 54, the polymer particles of this
invention show better flow properties than the commer-
cially available one and are suitable for extrusion, injec-
tion and the like molding. Further, the strands extruded
by the flow tester are excellent in transparency and do
not show phenomena of coloring, foaming, and the like.

EXAMPLE 41

In a 500-ml triangular flask equipped with a threeway
stop cock, 200 g of TCD-MA, 0.4 g of lauroy! peroxide,
0.4 g of 1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohex-
ane and 0.2 g of 2,5-dimethyl-2,5-di(t-butylperoxy)-hex-
in-3 were placed, mixed and dissolved. After relacing
the air in the flash by nitrogen gas, the flask was dipped
in a constant temperature water bath at 60° C. and sub-
jected to polymerization for 30 minutes with stirring
under a nitrogen stream to give a partially polymerized
material. Then, the partially polymerized material was
cast into a glass cell and further polymerized at 60° C.
for 6 hours, 90° C. for 2 hours, 130° C. for 8 hours and

45

30

33

65

and glass transition point.

The total light transmittance was measured accord-
ing to JIS K 6717.

The refractive index and the Abbe number were
measured by using an Abbe refractometer.

The saturated water absorption rate was obtained by
weighing a dned cast plate (dry weight), immersing the
cast plate in water at 70° C. for 72 hours, weighing the
cast plate (water absorbed weight), and calculating by
using the following equation:

Saturated water absorption rate =

(Wlter absorbed

)- (22

weight

(Dry weight) X 100(%)

The glass transition point was measured in the same
manner as described in Example 1.

TABLE 11

Light Refrac-

trans- tive Abbe Saturated
Example mittance index number water absorp- Tg
No. (%) (no) (vD) tion (%) (C)
Exampie 41 92 1.528 57 0.2 173
Example 42 92 1.520 57 0.2 107
Example 43 92 1.524 57 0.2 14]
Example 44 93 1.500 37 1.0 128
Example 45 92 1.517 57 0.3 133
Example 46 92 1.522 56 0.3 130
Example 47 22 1.514 57 0.5 126
Example 48 92 1.520 $7 0.3 129
Example 49 92 1.538 50 0.2 152
Comparative 93 1.492 58 22 120
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TABLE 11-continued

Light Refrac-

trans- tive Abbe Saturated
Example mittance index number water absorp- Tg
No. (%) (no) (vD) tion (%)  (*C.)
Example 1
Comparative 92 1.506 57 0.4 93
Example 2
Comparative 90 1.592 31 <0.] 112
Example 3

EXAMPLE 30

In a S-liter separable flask equipped with a stirrer and
a condenser, 83 g of a 109 basic potassium phosphate
aqueous suspension as a dispersing agent, 0.004 g of
sodium dodecylbenzenesulfonate and 1 g of sodium
sulfate were place together with 2400 g of pure water
and stirred and mixed to give a suspended medium. To

this, a mixture of the following composition was added 49

and the polymerization was carried out under a nitro-
gen atmosphere with stirring at 200 r.p.m at 60° C. for
3 hours and 98° C. for 4 hours.

TCD-MA 1800 g
n-Butyl acrylate 200 g
Lauroy! peroxide 8 g
n-Octyl mercaptan 2g
n-Octadecyl-3-(4 -hydroxy- 4 g
3',5’-di-t-butylphenyl)propionate 4g
Stearyl alcohol 2 g

Polymer particles thus produced were washed with
an acid, washed with water, dehydrated and dried in
vacuum to give an optical resin material.

3

10

13

25

30

22

accuracy change by heat). The results are shown in
Table 13.

TABLE 13
Face accuracy
Face accuracy change change by heat
Example by moisture absorption (difference in
MNo. {difference in number) number)
Example 50 0-1 0-1
Example 51 = 1 0-1
Example 52 1 0-1
Example 53 | 0-1
Comparative 3 1
Example 4
Comparative 0-1 3
Example 5
EXAMPLE 54

In a 100-liter autoclave, 10 kg of TCD-MA, 10 kg of
methyl methacrylate, 80 g of lauroyl peroxide, 30 g of
n-octyl mercaptan, 40 kg of pure water, 40 g of potas-
sium polymethacrylate, 4 g of poly(vinyl alcohol) and
40 g of disodium hydrogen phosphate were placed and
subjected to polymerization under a nitrogen atmo-
sphere at 60° C. for 3 hours and at 100° C. for 4 hours.
‘The resulting polymer particles were washed with wa-
ter, dehydrated and dried in vacuum to give an optical
resin material.

EXAMPLES 55 TO 57
COMPARATIVE EXAMPLES 6 AND 7

The process of Example 54 was repeated except for
using monomers as listed in Table 14 to give optical
resin materials.

35
EXAMPLES 51 TO 53 (unit: kg}
COMPARATIVE EXAMPLES 4 AND 5 e Conrer
The process of Example 50 was repeated except for ——Esample No __ Example Example
using monomers as shown in Table 12 to give optical 40 2 6 37 6 7
resin maternals. TCD-MA 0 6 — 2 — —_
TABLE 12
{unit: g)
Example No. Comparative Comparative
50 51 52 53 Example 4 Example §
TCD-MA 1800 1400 1260 — — —
TCD-AA —_ — — 1800 — o
Methyl methacrylate - 600 500 — 2000 —_
Cyclohexyl — — —_ — — 2000
methacryiste
n-Butyl acrylate 200 - — — —_
Styrene —_ — 240 — — -
N-Ethylmaleimide - - — 200 -
The optical resin materials obtained in Examples
350-53 and Comparative Examples 4 and 5 were injec- 55 TCD-AA - — 16 - — —
tion molded at a resin temperature of 230° C. to give M"’tlh"' \ate 0 B - - 20 8
lenses having a center thickness of 3 mm and a diameter gy, oy = — 16 _ B
of 14 mm. The lenses were allowed to stand under an acrylate
atmosphere of 100% RH (humidity) at 40° C. for 6  »-Octadecyl e S — —
hours to absorb moisture and change of face accuracy 60 methacrylate
: Cyclohexyl —_— - -_ - — 12
was measured. The change of face accuracy by mois-  geihacryiate
ture absorption was defined by a difference in numbers Styrene S - —
of Newton’s rings formed by the lense before moisture  N-Methylmaleimide - — — 2 — —
N-Ethylmaleimide @ — — 2 ~ — —

absorption and that after moisture absorption and mea-
sured by a conventional optical measuring method. On
the other hand, a lense obtained by the molding was
allowed to stand at 80° C. and a humidity of 40% RH
for 1 hour to measure change of face accuracy (face

63

The optical resin materials obtained in Examples 54
to 57 and Comparative Examples 6 and 7 were injection
molded at a resin temperature of 260° C. to give trans-
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parent substrates for disk places of 120 mm in diameter
and 1.2 mm in thickness. Aluminum was vapor metal-
lized on one side of a substrate and covered with a
protective film.

The thus produced disk plates were allowed to stand 3
under a humidity of 100% RH at 40" C. for 24 hours to
measure the warpage of the center portion of disk plate
(strain by moisture absorption) and the heat deforma-
tion temperature (HDT). The warpage was obtained by
measuring the height (mm) of the center portion of disk
when the periphery of disk plate was positioned hon-

10

zontally.
The results are shown in Table 15.
TABLE 15 s
Strain by
mojisture
absorption HDT
Example No. (mm) ("C.)
Example 54 0.1 108 20
Example 55 0.1-0.2 103
Example 56 0.1 100
Example 57 0.1 97
Comparative 1.5 97
Example 6
Comparative 0.2 87 95
Example 7

The optical resin materials obtained in Examples 51
to 57 were injection molded at a resin temperature of
230° C. to give plates of 150 mm X150 mm+3 mm. 30
Using these plates, the Abbe number, the saturated
water absorption rate and the glass transition point (Tg)
were measured in the same manner as described 1n Ex-
amples 4] to 49.

The results are shown in Table 16. 35
TABLE 16
Saturated
water

Example Abbe absorption Tg
No. number rate (%) ("C.) 40

51 57 05 153

52 51 04 140

53 35 0.4 127

54 57 0.8 142
55 54 1.2 130 45

56 55 0.4 120

57 55 1.6 132

As is clear from Examples 41 to 57 and Comparative
Examples 1 to 7, the optical resin materials of this inven-
tion are superior to known matenials as follows. The
saturated water absorption rate of poly(methyl methac-
rylate) (Comparative Example 1) is 2.2%, while those
of the Examples of this invention are by far Jower than
that value. The glass transition point of poly(cyclohexyl
methacrylate) (Comparative Example 2) is 93° C., while
those of the Examples of this invention are all over 100°
C. The Abbe number of polystyrene (Comparative Ex-
ample 3) is 31, while those of the Examples of this in-
vention are by far larger than that value. Further, it is
clear that the materials of the Examples of this inven-
tion are superior in moisture resistance (the saturated
water absorption rate), heat resistance and optical dis-
persion. Further, as is clear from Tables 13 and 15, the
optical resin materials of this invention are stable for 65
moisture absorption and heat even if used for practical
articles such as lenses and disk plates.

What is claimed 1is:

50

35

24

1. A transparent material for optical elements com-
prising a polymer produced by polymerizing a com-
pound of the formula:

R, M

I
CH2=C-ﬁ—O
o

wherein R; is hydrogen or a methyl group, in an
amount of 100 to 5% by weight and one or more unsatu-
rated monomers copolymerizable with the compound

-of the formula (I) in an amount of 0 to 95% by weight;

saild material exhibiting a saturated water absorption
rate of 1.8% or less, and Abbe number of 45 or more
and a glass transition point of 100° C. or higher.

2. A polymer according to claim 1, wherein the unsat-
urated monomer copolymerizable with the compound
of the formula (I) is at least one member selected from
the group consisting of unsaturated fatty acid esters,
aromatic vinyl compounds, vinyl cyanide compounds,
unsaturated dibasic acids or denvatives thereof, and
unsaturated fatty acids or derivatives thereof.

3. A polymer according to claim 1, wherein the com-
pound of the formula (I) is used in an amount of 5% by
weight or more, an N-substituted maleimide as the co-
polymerizable unsaturated monomer 15 used In an
amount of 0 to 50% by weight, and other copolymeriz-
able unsaturated monomer is used in an amount of 0 to
95% by weight, the total being 10% by weight.

4. A polymer according to claim 1, wherein the com-
pound of the formula (I) is used in an amount of 5% by
weight or more, an N-substituted maleimide as the co-
polymerizable unsaturated monomer is used in an
amount of 0 to 50% by weight, a copolymerizable un-
saturated monomer having a glass transition point of 50°
C. or less when measured as to the homopolymer
thereof is used in an amount of 0 to 50% by weight, and
other copolymerizable unsaturated monomer is used in
an amount of 0 to 95% by weight, the total being 100%
by weight .

5. A polymer according to claim 1, which has a re-
peating unit of the formula:

1)

CHy—

Q
i

wherein R; is hydrogen or a methyl group, in an
amount of 100 to 3 mole %, a repeating unit of the
formula:

(111)
1;11
CH;-(|:
O=C

|
O—R;

wherein R is hydrogen or a methy! group; and R3is an
alkyl group having 1 to 22 carbon atoms, a cycloaikyl
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group having 5 to 22 carbon atoms, or an aromatic
group having 6 to 14 carbon atoms which may contain
one or more substituents, in an amount of 0 to 97 mole
%, and a repeating unit of the formula:

(IV)
CH—CH
C C
 \. 7N
o° N o |
Ry

wherein R4 is an alkyl group having 1 to 6 carbon atoms
or a cycloalkyl group having 5 to 22 carbon atoms, in an
amount of 0 to 30 mole %, the total being 100 mole %.

6. A polymer according to claim §, wherein the re-
peating unit of the formula (11]) is derived from one or
more monomers selected from the group consisting of
methyl methacrylate, ethyl methacrylate, i-propyl
methacrylate, n-butyl methacrylate, t-butyl methacry-
late, hexyl methacrylate, 2-ethylhexyl methacrylate,
cyclohexyl methacrylate, phenyl methacrylate, benzyl
methacrylate, methyl acrylate, ethyl acrylate, n-butyl
acrylate, t-butyl acrylate, hexyl acrylate, 2-ethylhexyl
acrylate, cyclohexyl acrylate, pheny! acrylate and ben-

10

15
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zyl acrylate, and the repeating unit of the formula (IV)
is derived from one or more monomers selected from
the group consisting of N-methylmaleimide, N-ethyl-
maleimide, N-propylmaleimide, N-butylmaleimide, and
N-cyclohexylmaleimide.

7. A transparent material for optical elements compris-
ing a polymer produced by polymerizing a compound of the

formula:

]i"-l
CHy=C—C-—0

|
0

wherein R1 is hydrogen or a methyl group, in an amount of
100 10 5% by weight and one or more unsaturated mono-
mers copolymerizable with the compound of the formula
(I in an amount of 0 to 95% by weight, said material
exhibiting excellent transparency, a saturated water ab-
sorption rate of 1.8% or less and a glass transition point of
100° C. or higher.

8. A transparent material according to claim 7, wherein
said transparent material exhibits an Abbe number of 34

OFr Mmore.
* % = » =
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