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DESCRIPTION
COPOLYMER AND POLYMERIZABLE- COMPOSITION

FIELD OF THE INVENTION

The present invention relates to a copolymer having
narrow molecular weight distribution and excellent mechanical
properties, and capable of forming a coatimng film having a
sufficient low reflectivity, its production method, and a
polymerizable composition for forming the polymer. Further,
it relates to a polymerizable composition, an optical material
(in particular, a polymerizalble composi"f:ion, a curing resin
composition, an antireflective film, a polari zing plate and an
image display) , and an optical waveguide (4in particular, a

plastic optical fiber (POF)), using the pol ymer.

BACKGROUND'OF THE INVENTION

Polymer materials excellent in low hygroscopic property,
transparency and heat resistamnce are required in the technical
field of plastic optical members, and as one of polymer
materials capakle of satisfyimng those, a fumaric acid dialkyl
ester polymer is known (for example, JP-A-62-169807 and J.
Macromol. Sci., A25(5-7), 537-554 (1988)) . Fumaric acid
dialkyl ester i s a rare monomer that radically polymerizes, even
though it is1, 2 disubstituted ethylene, and a polymer obtained
therefrom has extremely high heat resistance. However, there
was the disadvantage that its homopolymer is a polymer that
steric hindrance is too high, so that it isdifficult to increase
a molecular weight (at most about 100,000), and further, it is
rigid and is Jdiable to be a rod-shape, so that mechanical
strength (for example, tensile strength) is weak, resulting in
a brittle polymer. B

To improve this disadvamtage, a copolyrner with an alkyl

vinyl ether is proposed (JP-A-2000-1437 41) . However,
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mechanical strength of the copolymer 1is mot sufficient.
Further, an example of a copoldymer of a fumaxic acid dialky 1l
ester with a monomer such as styrene or acrylonitrile is
reported (Jouxnal of Polymer Sciénce: Part A: Vol. 30, 1559
(1992)), but mechanical strength, hygroscopic property and the
like are not xeferred to.

On the other hand, an antireflective £film generally
prevents contxrast from decreas ing due to reflection of outside
light or prevents an image from reflecting, HAn displays such
as cathode ray tube displays (CRT), plasma displays (PDP) ,
electroluminescence displays ( ELD) and liquid crystal displays
(LCD), and therefore is provided on the outexmost surface of
displays in oxrder to reduce reflectivity using principle of
optical inter=Fference.

Such an antireflective £ilm can generally be produced by
forming a low reflective index layer having an appropriate
thickness and having a refractive index lowex than that of a
support on the support. To realize a low ref ractive index, a
material having a refractive index as low as possible is desired
for the low refractive 3index layer. Further, the
antireflective film is required to have high mar resistance in
order to use the same on the outermost surface of a display .
For example, in a thin £film of about 100 nm, in order to realize
high mar resistance, strength of a ccating film itself amd
adhesion to a lower layer are required.

To decrease refractive index of a material, means of (L)
introducing £luorine atoms, and (2) decxeasing density
(introducing wvoids) are known. However, either of those mearnas
have the tendency that coating film strengthh or adhesion at
interface decreases, resulting in deterioration of mar
resistance, and low refractive index and high mar resistance
were not achieved in combination.

As a method of increasimg coating film strength, there

is a method of using a fluorine-containing sol gel film as
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described in JP-A-2002-265866 and JP-A-2002—-317152. 1In this
method, however, there are great restrictions that (1)
long-term heating is required for curing, and load of productiomn
is large; (2) there is no resistaﬂce to saponification liquid
(alkali treatment liquid), and in the case of saponificatiom
treating a plastic film surface, the treatment cannot be carried
out after £ilm formation of an antireflectiwe film; and the
like. |

On the other hand, JP—A-11-189%621, JP—A-11-228631 and
JP-A—-2000—313709 describe means of improving mar resistance by
introducing a polysiloxane sttructure in a fluorine-containing
copolymer to decrease a friction coefficient of coating filam
surface. This means 1is effective to impxrovement of max
resistance to a certain extemt, but sufficient mar resistance
is not obtai\ned for coating £films lacking in sulbstantial coating
film strength and interfacial adhesion.

Furthér, WO 2004-017105 pamphlet describes means of
improving mar resistance by using a fluorine-containing
copolymer and inorganic fime particles in combination to
improve coating film strength and interfacial adhesion. Imn
this means, however, it was Found that there is the case that
inorganic fine particles are not sufficiently dispersed in a
matrix of the fluorine-containing copolymer, crude density of
inorganic f£ine particles causes in the coating film, and haz e
rises. This problem is particularly problematic in a smooth
surface low reflective film having no antiglare property.

Further, plastic optical members have the advantage that
production and processing are easy, and other advantages, as
compared with quartz-based optical members having the same
structure, and various applications such as optical waveguide s
are recently attempted. In particular, plastic optical fiber s
(POF) have the disadvantage that because element wires areall
constituted of a plastic, tramsmission lossis relatively large

as compared with quartz types, but have the advantages that they
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have good flexibility, are lightweight, have good
proces sability, and are easily produced as f ibers having large
bore diameter as compared with quartz-based optical fibers.

As materials foroptical fibérs, polymethyl methacrylate
(PMMA) that is inexpensive and is easily processed is widely
used. However, because of a polymer having hi_gh water absorbimg
property, the polymer has poor moisture resistance and canonly
be used in the limited uses. As means to Iimprove moistuxe
resist ance, it is an effective means to introduce fluorine atoms.
However, it is difficult to establish high glass transition
temper ature (Tg), that is, heat resistance, i n combinationwith
the moisture resistance. For example,
poly(2 ,2,2-trifluoroethyl methacrylate) in which methwy1
groups in side chains of PMMA are merely changed
fluori ne-containing alkyl groups decreases Tg, and POF usimng
this has very poor heat res istance. One of means to solve this
problem is all fluorine pol ymer (TEFLON, registered trademark,
AF amorphous fluoropolymer, John Scheires, 1997, Modexrn
Fluoropolymers, p397-398, John Willwy & Soms Ltd.), and this
is an excellent material satisfying various performances such
as heat resistance, low hygroscopic property, low transmission
loss and the like. Howewer, synthesis of a perfluorinated
(diene ) monomer that is a xraw material of this polymer is vexy
compli cated, and there is the problem that cost of a polymer
is high.

SUMMARY OF THE INVENTION

A first object of the invention is to pxovide a copolymer
that maintains heat resistance possessed by a fumarate
structure, is made to have low hygroscopic property by
introducing fluorine atoms , has excellent mechanical strength,
and al so has excellent transparency.

A second object of the invention is to provide the

copolymer having excellent antireflective £i 1m formation, that
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can form a coating film having a sufficient low reflectivity.

Further, a third object of the invention is to provide
an antireflective film having improved mar resistance while
maintaining sufficient antirefleétivity- In particular, the
object is to provide a polarizing plate or a display using swuch
an antireflective film.

A fourth object of the invention is to provide an optical
waveguide being flexible and having low transmission loss,
particularly an optical fiber (POF), by using a polyrner
excellent in all of low hygroscopic property (moisture
resistance), heat resistance (high Tg), mechanical strength
(elastic modulus and tensile strength) and transparency, and
thatt can easily be produced.

Specifically, means for solving the above problems are
as £ollows.

1. A copolymer containing a repeat ing unit represented
by tthe foll'owing formula (1), and at least one of a repeatding
unit represented by the following formula (2-1) and a repeatdng
unit represented by thé following formula (2-2).

Formula (1)
[ )
CH—CH
\~R102€3/ /

In the formula (1), R and R?® represent an alkyl group or an
aryl group, provided that at least one of R' and R?® conta-dns
a fluorine atom and R' and R? are not an alkyl group contain-ing
a group represented by —(CXz)p-X in whichh X is a halogen atom
and n is an integer of 7 or more.

Formula (2-1)
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In the formula (2-1), R® represents an. alkyl group, an aryl group,
an alkoxy group or an amino group (whichmaybe ananilino gxoup),
and R? represents an alkyl group.
Formula (2-2) |

R5

S:oi—O

RS
In the formula (2-2), R® and R® each represent a hydrogen atom,
an alkyl group or an aryl group.

2. The copolymer as described in (1), containimng the
repeating unit represented by the fo rmula (1) wherein at least
one of R' and R? is an alkyl group having from 2 to 6 <arbon
atoms and a fluorine atom, or an aryl group containinga fluorine
atom, and the repeating unit represemnted by the formula (2-1).

3. The copolymer as described in (1), containimng the
repeating unit represented by the fo rmula (1) wherein at least
one of R and R’ is an alkyl group having from 2 to 6 <arbon
atoms and a fluorine atom, and the repeating unit represented
by the formula (2—1)

4. The copolymer as described in (2) or (3), wherein R3
and R* in the formula (2-1) are a methyl group.

5. The copol ymer as described in any one of (1) to (4),
containing the repeating unit repre sented by the formula (1)
and the repeating unit represented by ﬁhe formula (2-1) in an
amount of 30 mol% or more, respectively.

6. The copolymer as described in (1), containimg the
repeating unit represented by the formula (1) and the repeating
unit represented by the formula  (2—2).

7. The copolymer as described in (1), containimg the
repeating unit represented by the formula (1), the repeating
unit represented by the formula (2-1) and the repeating unit
represented by the formula (2-2).

8. The copolymer as described din (7), containing 2 0 mol%

6
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ox more of the repeating unit represented by the formula (1),
0 .05 mol®% or more of the repeating unit represented by the
formula (2-2), and 20 mol% or more of the repeatting unit
represented by the formula (2—1);

9. The copolymer as described in any one of (6) to (8),
wherein at least one of R! and R? ia the formula (1) is an alkyl
gxroup having from 2 to 6 carbon atoms and a fluorine atom, or
arn aryl group containing a fluorine atom.

10. The copolymer as descril>ed in any one of (7) to (9),
wherein R® and R? in the formula (2-1) are a methyl group.

11. The copolymer as described in any one of (1) to (10),
having a number average molecular weight (Mn) of from 1,000 to
1,000,000.

12. The copolymer as described in any one of (1) to (11),
having a weight average molecular weight (Mw) of from 2,000 to
1,000,000.

13. The copolymer as described in any one of (1) to (12),
having Mw/Mn of 2 or less.

14. A polvymerizable composi.tion containing a compound
represented by the following formuila (3), and at lea st one of
a compound represented by the following formula (4) and a
polysiloxane-containing compound. |
Formula (3)

R'0,C—-CH=CH-CO,R?
In the formula (3), R! and R? represent an alkyl group or an
axryl group, provided that at least one of R! and R? contains
a fluorine atom and R! and R? are not an alkyl group containing
a group represented by —(CX3)p,-X in which X is a halogen atom
and n is an integer of 7 or more.

Formula (4)
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In the formula (4), R® represents an alkyl group, an aryl group,
an alkoxy group or an amino group (whichmaybe ananildino group),
and R* represents an alkyl group.

15. The polymerizable compoéition as described in (14),
containing the compound represented by the formula (3) wherein
at least one of R! and R? is an alkyl group having from 2 to
© carbon atoms and a fluorine atom, or an aryl group containing
a fluorine atom, and the compound represented by the formula
(4).

16. The polymerizable composition as described in (14),
containing the compound represennted by the formula (3) wherein
at least one of R' and R? is an alkyl group having from 2 to
6 carbon atoms annd a fluorine atom, and the compound represented
by the formula (4) .

17. The polymerizable composition as described in (15)
or (16), containing the compound represented by the formula (4)
wherein R® and R? is a methyl gxoup.

18. The polymerizable composition as descriloed in (14),
containing the compound represented by the formula (3), and the
polysiloxane-comntaining compound.

19. The polymerizable composition as describbed in (14),
containing the compound represented by the formula (3), the
compound represented by the formula (4), and the
polysiloxane-containing compound.

20. The polymerizable composition as described in (18)
or (19), wherein at least one of R! and R? in the formula (3)
is an alkyl group having from 2 to 6 carbon atoms and a fluorine
atom, or an aryl group containing a fluorine atom.

21. The polymerizable composition as described in (19)
or (20), containing the compound represented by the formula (4)
wherein R?® and R* in the formula (4) are a methyl group.

22. Thepolymerizable composition as described in any one
of (14) to (21), which is a curing polymerizable composition.

23. A curing resin composition containing the copolymer

8



WO 2007/004743 PCT/JP2006/313802

as described im any one of (1) to (13), and a solvent.

24. A curing resin composition containing the copolymer
as described in any one of (6) to (10), and a solvent.

25. A cured film made from the curing resin composition
as described in (23) or (24).

26. Anantireflective film having a low refractive index
layer comprising a cured film made from the curing resin
composition as described in (23) or (24).

27. Apolarizing plate having a polarizer &and a protective
film provided on at least one side of the polarizer, the
protective film being the antireflective film as described in
(26) .

28. An image display having the antirefldective film as
described in (26).

29. An optical waveguide containing the copolymer as
described in any one of (1) to (13).

30. An optical waveguide containing a repeating unit
represented by the following formula (1), and a repeating unit
represented by the following formula (2-1).

Formula (1)

COLR?
CH"‘CJ"H -
R“mzé

In the formula (1), R' and R® represent an alkyl group or an
aryl group, provided that at least one of R' and R? contains
a fluorine atom and R! and R? are not an alkyl gxoup containing
a group represented by —(CXz)p~-X in which X is a halogen atom
and n is an integer of 7 or moxe.
Formula (2-1)

R4

/
CHZ_(I:
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In the formula (2-1), R®represents an alkyl group, an aryl group,
an alkoxy group or an amino group (whichmaybeananilinogroup),
and R* represents an alkyl group.

31. The optical waveguide a.s described imm (29) or (39),
which is an optical fiber.

32. A method of producing a copolymer, including
polymerizing a compound represented by the fol lowing formula
(3), and at lea st one of a compound represented by the following
formula (4) annd a polysiloxane—containing compound.

Formula (3)

R'0,C—CH=CH— CO,R? 4
In the formula (3), R' and R*> represent an alkyl group or an
aryl group, provided that at least one of R! and R? contains
a fluorine atom and R! and R? are not an alkyl group containing
a group represented by —(CX;)p—X in which X is a halogen atom
and n is an integer of 7 or more.

Formula (4)

In the formula (4), R® represents an alkyl group, an aryl group,
an alkoxy group or an amino group (whichmaybeananilino group),
and R* represents an alkyl group.

33. The method of producing a copolymer &s described in
(32), including polymerizing the compound represented by the
formula (3) wherein at least one of R! and R? is an alkyl group
having from 2 o 6 carbon atoms and a fluorine a tom, or an aryl
group containing a fluorine atom, and the compound represented
by the formﬁla (4) .

34. The method of producing a copolymer &s described in
(32), including polymerizing the compound represented by the

formula (3) and the polysiloxane-containing compound.

10
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35. The method of producing a copolymer as described in
(32), including polymerizing the compound represented by the
formula (3), the compound represented by the formula (4) and

the polysiloxane—-containing compound.

DETAILED DESCRIPTION OF THE INVENTION

The inwvention is described in detail bel ow.

In the present description, the numerical range expressed
by the wording “a number to another number” means a range that
falls between the former number indicating the lowermost limit
of the range and the latter number indicating the uppermost
limit thereo=£. Further, the descriptions of “a copolymer
containing repeating units A and B”, “a copolymer formed by
polymerizing monomers A and B7/, and the like mmean that the
copolymer may consists of A or B alone, may contain both A and
B, or may further contain other component.

Further, in the present de scription, “carbon atom number”
in each “group” means the number including the number of carbon
atoms of substituents where the group has a substituent.

The copolymer of the invention is described.

The copolymer of the invention is a copolymer containing
a repeating unit represented by the following foxmula (1), and
at least one of a repeating unit represented by the following
formula (2-1) and a repeatingunit represented by the following
formula (2-2) .

Formula (1)

COR?
~CH—GH
szé:f

In the formula (1), R* and R? represént an alkyl group or an
aryl group, provided that at least one of R' and R? contains
a fluorine at om and R! and R? are not an alkyl group containing

a group represented by —(CXz2)n—X in which X is &a halogen atom

11
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and n is an integer of 7 or more.

Formula (2-1)

R4
/
C Hz—(|3
o) R3

hig

(o]

In the formula (2-1), R? represents an alkyl group, an aryl group,
an alkoxy group or an amino group (whichmaybeananilino group),
and R® represents an alkyl group.

Formula (2-2)
R5

they

In the formula (2-2), R® and R® each represent a hydrogen atom,
an alkyl grbup or an aryl group.
(Copolymer of type A) '

A preferable first embodiment of the copolymer of the
invention is a copolymer (type A) containing the repeating unit
represented by the formula (1) and the repeating unit
represented by the formula (2-1).

In the formula (1), R'and R? each represent an alkyl group
or an aryl group.

The alkyl group may be any of linear, bramached or cyclic
form. The alkyl group has preferably from 1 to 10, and more
preferably from 1 to 6, carbon atoms. Specific examples of the
alkyl group include a methyl group, an ethyl group, an isopropyl
group, a tert-butyl group, a benzyl group, and a cyclohexyl
group.

On the other hand, the aryl group has pre ferably from 1
to 8 carboni atoms. Specific examples of the aryl group include
a phenyl group and a p—tolyl group.

It i s preferable that at least one of R' and R® is an alkyl

12
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group having from 2 to 6 carbon atoms and a £ luorine atom (for

example, 2,2 ,2-trifluoroethyl group,
2,2,3,3—tetrafluoropropvyl group, 2,2,3,3,3-pentafluoropropyl
group, 2,2,3,3,4,4,5, 5—octaflﬁoropentyl group, and
l-trifluoromethyl-2,2,2—trifluorocethyl group

(hexafluoroisopropyl group) are exemplified) , or an aryl group
containing a fluorine atom (for example, pentafluorophenyl
group) -

It is preferable that R' and R? each axe an alkyl group
having £from 1 to 6 carbon atoms, and it is more preferable that
eachis a linear or branched alkyl group having from 1 to 6 carbon
atoms.

As described heredinafter, R' and R?® may be substituted
with a substituent, but it is preferable that at least one of
those is substituted with a fluorine atom.

When R' and R? are an alkyl group, the alkyl group
containing the group represented by —(CX;)n,—X (X is a halogen
atom, and n is an intege_r of 7 or more) 1is excluded. Where n
is more than 7, crystalli zability develops, &nd it becomes not
suitable for optical uses.

In a ratio of the total hydrogen atom namber and fluorine
atom number contained imm R and R?, it is preferable that the
fluorine atom number is half or more of the hydxogen atom number,
and it 1 s more preferable that the fluorine atomnumber is larger
than the hydrogen atom nmumber.

In the formula (2—1), R® represents amn alkyl group, an
aryl group, an alkoxy group or an amino group (which may be an
anilino group).

When R® is an alkyl group, the alkyl gr-oup may be any of
linear, branched or cyclic form. Linear or cyclic form is
preferable, and linear foxrm is more preferable . The alkyl group
has preferably from 1 to 6, and more preferably from 1 to 3,
carbon atoms. Examples of the preferable al kyl group include

a methyl group, an ethyl group, an isopropyl gxoup, a tert-butyl

13
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group, a cyclohexyl group, a trifluoromethyl group and a
penta fluoroethyl group .

When R® is an ary 1l group, the aryl group preferably has
from 6 to 9 carbon atoms , and specific examples thereof include
a phenyl group, a pentafluorophenyl group, a p-tolyl group and
a p-chlorophenyl group .

When R® is an alkoxy group, the alkoxy group preferably
has from 1 to 7 carbon atoms, and specific examples thereof
include a methoxy group, and ethoxy group ard a phenyloxy group.

When R?® is an amino group, the amino group preferably has
from 1 to 7 carbon atoms , and specific examples thereof include
an N, N-dimethylamino group, a piperidino group and an anilimno
group -

R® is preferably an alkyl group having from 1 to 6 carbon
atoms , more preferably a methyl group and a trifluorcemthwvyl
group, and further pre ferably a methyl group.

R* repfesents an alkyl group. The alkyl group may be any
of linear, branched or cyclic form. Linear or branched foxm
is preferable, and linear form is more preferable. The alkvyl
group has preferably fxom 1 to 6, and more preferably from 1
to 3, carbon atoms. Specific examples of the alkyl group
include a methyl group, an ethyl group, am isopropyl group, a
tert—butyl group, a cyclohexyl group, a trifluoromethyl group
and a pentafluoroethyl group. A methyl group is moxe
prefe rable.

It is preferable that R® and R? each are an alkyl group,
and it is more preferable that R® is an alkyl group having from
1 to 6 carbon atoms, and R* is a methyl group.

R® and R*® may be substituted with a substituent, but 4t
is preferable that at Jleast one of those is substituted with
a fluorine atom.

R' to R* may further be substituted with a replaceable
group . Preferable examples of the sulbbstituent include a

halogen atom (for examp le, a fluorine atom, a chlorine atom and

14
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a brormine atom, and more preferably fl uorine atom), ann alkyl
group, an aryl group, a heterocyclic group, a cyano group, a
hydroxyl group, a nitro group, a carboxy 1 group, an alkoxy group,
an aryloxy group, a s ilyloxy groub, a heterocylooxy group, an
acyloxy group, a carbomoyloxy group, an alkoxycarbonyloxsy group,
an aryloxycarbonyloxy group, an amino group (including an
anilimno group), anacylamino group, an aminocarbonylamino group,
an al koxycarbonylamino group, an aryloxycarbonylamino group,

a sulfamoylamino group, an alkylsulfonylamino group, an
arylsulfonylamino group, a mercapto group, an alkylthio group,

an arylthio group, a hetrocyclothoi group, a sulfamoyl group,

a sulfo group, an alkylsulfenyl group, an arylsulfenyl group,

an alkylsulfonyl group, an arylsulfonyl group, an acyl group,

an aryloxycarbonyl group, an alkoxycarbonyl group, a carbamoyl

group , an arylazo group, a heterocycloazo group, an imido group,

a phosphino group, a phosphinyl group, a phosphinyloxy group,

a phosphinylamino group and a silyl gzxoup.

The copolymer of type A contains, for example, the
repeating unit repres ented by the formula (1) and the repeating
unit represented by the formula (2-1) in an amount of 1% ox more,
respectively, and preferably contaims the repeating unit
repre sented by the formula (1) and the repeating unit
repre sented by the formula (2-1) in an amount of 30% or more,
respectively. The repeating unit represented by the formula
(1) annd the repeating unit represented by the formula (2—1) may
contain only one kind, respectively, ox may contain two kinds
or more, respectively.

(Exemplified compound of type AA)

It is preferalble that the copolymer of type A 1is a
copol ymer (type AA) containing the repeating unit repre sented
by the formula (1) wherein at least one of R' and R? is ama alkyl
group having from 2 tto 6 carbon atoms &nd a fluorine atom, or
anaryl group containing a fluorine atom, and the repeatirmg unit

repre sented by the formula (2-1). An alkyl group havimg 6 or
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less carbon atoms 1s mnore preferable from the standpoint of
synthesis suitability .

In the case of the type AA, it i s.-preferable that R' and
R® in the formula (1) each indepéndently are an alky 1l group
having from 2 to 6 carbon atoms and & fluorine atom.

The alkyl group having from 2 to 6 carbon atoms and a
fluorine atom may be any of linear, branched or cycli c alkyl
group. Further, the alkyl group having from 2 to 6 carbon atoms
and & fluorine atom is preferably an alkyl group containing a

fluorine atom, having from 2 to 4 caxrbon atoms, and is most

preferably 2,2,2-trifluorocethyl _ group,
2,2, 3,3-tetrafluoropr opyl group, 2,2, 3,3,3-pentafluor opropyl
group, 2,2,3,3,4,4,5,5-octafluoropentyl group ., or
l-trifluoromethyl-2,2 ,2-trifluorcethvyl group

(hexafluoroisopropyl group).

When R and R® each are an alkyl group containinga.f luorine
atom, haviﬁg 7 or less carbon atoms, the polymer is di fficult
to have crystallizability, and transparency tends to improve,
which is preferable.

On the other hamd, the aryl group containing a £ luorine
atom preferably has from 6 to 9 carbon atoms. A phenylere group
is preferable, and a pentafluorophenyl group 1 s more
preferable.

When R! and R?® are an alkyl group or an aryl group, not
corr esponding to the allkyl group having from 2 to 6 carbon atoms
and & fluorine atom amd the aryl group containing a £ luorine
atom, those are prefexably an alkyl group having from 1 to 9
carbon atoms (it may be any of linear, branched or cyclic alkyl
group, and specifical ly, a methyl group, an ethyl group, an
isop ropyl group, a t-butyl group, a bemzyl group, a cyclohexyl
group, and the like axe exemplified) or an aryl group having
from 6 to 9 carbon atoms (specifically, a phenyl group, a p-tolyl
group and the like are exemplified), and particularly

preferably an alkyl group having from 1 to 4 carbon atoms.
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In the ratio of the total hydrogen atom number and
fluorine atom number, contained in R! and R?, it is preferable
that the fluorine atom number is hal £ or more the hydrogen atom
number, and it is more preferable fhat the fluorine atom number
is larger than the hydrogen atom number.

Preferable scope of the formuala (2-1) is the same as in
tvype A.

Further, preferable content ratio of the repeating unit
represented by the formula (1) and the repeating unit
represented by the formula (2-1) is the same as im type A.
(Copolymer of type B) A

A preferable second embodimemnt of the copolyrmer of the
invention is a copol ymer (type B) comtaining the repeating unit
represented by the formula (1) and the repeating unit
represented by the formula (2-2). ‘

In the formula (1), when R' and R? are an alkyl group,
the alkyl group may be any of linear, branched or cyclic form.
The alkyl group has preferably from 1 to 10, and more ppreferably
from 1 to 6, carbon atoms. Specifically, preferable examples
of the alkyl group include a methyl group, an ethyl group, an
isopropyl group, a tert-butyl group, a benzyl group, and a
cyclohexyl group.

In the formula (1), when R' and R? are an afyl group, an
aryl group having from 6 to 8 caxrbon atoms 1s preferable.
Specifically, preferable examples of the aryl group include a
phenyl group and a p-tolyl group.

At least one of R' and R? cont ains at least one fluorine
atom. R! and/or R?, containing a fluorine atom are preferably
an alkyl group having from 2 to 6 carbon atoms and & fluorine
atom (for example, 2,2,2—-trifluoroethyl group,
2,2,3,3-tetrafluoropropyl group, 2, 2,3, 3,3-pentafluoropropyl
gxoup, 2,2,3,3,4,4,5,5-octafluoropentyl group, and
l1—trifluoromethyl-2,2,2-trifluocroethyl . group

(hexafluoroisopropyl group) are exemplified), or an aryl group
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containing a fluoxrine atom (for esxample, a pentafluorophenyl
group) .

In the formula (2-2), when R> and R® are an alkyl group,
the alkyl group may be any of lineé_r, branched or cy<lic form.
The alkyl group has preferably from 1 to 10, and more preferably
from 1 to 6, carbon atoms. Specifically, preferable examples
of the alkyl group include a methy l group, an ethyl group, an
isopropyl group, a tert-butyl group, a benzyl group, and a
cyclohexyl group. A methyl group ds particularly pxreferable.
R® and R® may be substituted with substitutents as described
hereinafter. As the substituent that the alkyl group has, a
halogen atom is particularly pref erable.

In the formula (2-2), when R® and R® are an axyl group,
the aryl group has preferably from 6 to 8 carbon atoms.
Specifically, pre ferable examples of the aryl group include a
rhenyl group and a p-tolyl group.

The cbpolymer of type B of the invention preferably
further contains the repeating unit represented by t he formula
(2-1), in addition to the repeating unit representted by the
formula (1) and the repeating unit represented by the formula
(2-2). The preferable scope and the like of R?® and R® in the
formula (2-1) are the same defimition as descrilbed in the
copolymer of type A. |

The copolymer of type B of the invention preferably
contains 20 mol% or more of the repeating unit represented by
the formula (1), and from 0.05 to 20 mol% of the repeating unit
represented by the formula (2-2).

In the case of further conta ining of the repeating unit
represented by the formula (2-1), it is preferable to contains
20 mol% or more of the repeating uni t represented by t he formula
(1), from 0.05 to 20 mol% of the repeating unit represented by
the formula (2-2) , and 20 mol% or more of the repeating unit
represented by the formula (2-1). The copolymer of the

invention may be that the sum of those repeating units is 100
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mol%, but may contain structural wunits other than those.

In particular, when the repeating unit represemted by the
formula (2-2) is 20 mol% or less, decrease in transparency of
a resin due to phase separation cah effectively be suppressed,
and when it is 0.05 mol or more, further sufficient mar
resistance and antifouling property can be obtained when an
antireflective film is formed.

It is more preferable to contain 30 mol?% or more of the
repeating unit represented by the formula (1).

It is more preferable to contain from 0.5 to 15 mol% of
the repeating unit represented bbby the formula (2-2).

In addition, it is more preferable to contain 30 mol% or
more of the repeating unit represented by the formula (2-1).

The copolymer of the invemtion contains at least the
repeating unit represented by the formula (1) and the repeating
unit represented by the formula (2-2), but those may be
contained in one kind alone, or in two kinds or more,
respectively. Further, in thecase of containing the repeating
unit represented by the formula (2-1), the repeating unit
represented by the formula (2-1) may be contained in one kind
alone, or in two kinds or more.

Specific examples of the copolymer of the invention are
exemplified bel ow, but the invention is not limited to those
specific examples. x, y and z each represent the proportion
of the repeating unit (mol%), and are 0Zx+y+z<100 ( where z is
not present, 0=<x+y<100). Preferably, the proportions are
1<x<99, and l<y<99, and it is preferable that x and y each are
30 or more. Fuxther, repeating units other than th ose may be
contained.

The compounds of the following specific examples may be
that chains are connected with each other by a crosslinking
agent or a crosslinkable monomer.

(SU-0501) and (SU-1001) show siloxane units o;:iginated
from initiators VPS-0501 and VSP—1001 described hexeinafter.

18



WO 2007/004743

Exemplified compounds of type A

COZCHZCF3

CH—CH / CHy—
|
CO,CH5CF3 / \

P—1—1

CF;
]
CH

cl:og \CFg\

ICH— CH CH,—
OZC\ ,CF3 } K
CH
—1

|
CF3

C|)OZCH2CF?_CF2H\
CH—CH

C O5CHoCF5CF,H

P—1—3

o
_CH

AN
CH— CH CHy—

CO,CH,CF,CF3

AN

P—1—4

20

= \

OCOCH3 /
y
CH3 \

OCOCH3 /
y
CH3 \

CHy, —
/ \ OCOCH3 /
y

CH\

OCOCH3

PCT/JP2006/313802



WO 2007/004743 PCT/JP2006/313802

irs
_CH

co2 \CHE\ // CH .\\
CHCH
I
CO,CH,CF3 OCOCHa y

P—1—5
T
CH
N
CH—CH CHy,—C—
|
cO OCOCH3
2\ /CF3 X y
(i‘,H
CF3
P—1 —6
CF3

CH

co; CFs CHa
| |
(IJH —CH CHy —c‘;
CO,CHj3 /X \ OCOCHg3; y

P—1—7

Cog :::: \\ CH \\
? m '
CO,CH,CF3 / \ OCOCH3 y

P—1-—8

21



WO 2007/004743

(IJOZCHZCF3 \ / CH \

CO,Ph

CH—CH CHy— C :
/ \ OCOCH3 / y

P—1—9

F F

(l)OzCHZCFZCFzH\ / CIIHZCH3 \

CH—CH— ' CH,—C
: l
CO,CH,CF5CF,H OCOCH;
X
P—1—11
CF3
|
_CH_

AN
(l)H—CH CHZ—C‘)
002CH20F3 /x \ OCOCF3 /y

P—1—12

22

PCT/JP2006/313802



WO 2007/004743 PCT/JP2006/313802

|

CO,CH,CF,CFoH CHs
I I
CH— CH } CH,—C—

CO,CH,CF,CF,H OCOCF,CFz
y
P—1— 13
CF3
|
CH_
co, ©CFs Clle
|
CIJH — CH CH2~—cl;
CO,CH,CF3 / X \ OCOC(CHz)s / y
P—1— 14
COZCHQCFg CH3 \
CH — CH c:H2
I
CO,CH,CF; / \ oc:H3 /
1Y
—1—15
T
CH_
co, CFs CH3'

?H—CH CH,—
CO>CH,CF; / \ OYCHS / y

P—1—16 O CHs

23



WO 2007/004743 PCT/JP2006/313802

CO,CH,CF3 CH,CHs
I |
— CH,—C
(i:H CH 2 , CI;HB
- 002CH20F3 O N
X ‘CHs /Y
P—1—17 ©
CF3
|
CH_
co, CFs cle3
|
— CH,—C
CIZH CH P l CI:H3
COZ\ _CF; O N\
CIIH X CH3 y
CFs o)

P—1—19
Qe
/CH\
cI:o2 CH3\ / CISHs \
(|3H CH CHz—cl;
O,C CHs / « \ OCOCH<= /
(I3H
CHj - P—1—20

24



WO 2007/004743

PCT/JP2006/313802

COZCHgPh CH \
CH— CH CH2——C :
CO,CH,Ph } \ OCOCH?J y
P—1—21
CHj
|
CH_
Co2 CHs CH \
CH— CH
|
Co2 OCOCH3
y
P—1—22
COZCHZCF3\ / \ / ITh
CH—CH CHy— CH,—CH
CO,CH,CF5 / x \ OCOCH3 / y \ z
P—1—23
GFs
CH._
N
CH—CH CHy—C CH-CH
/7 \
| o 0
0:C. CFs « OCOCH; |y \_/ /,
CH

25



WO 2007/004743

PCT/JP2006/313802

(I.':OZCHZCFZCFZH \ / (})H3 \ / | \
CH—CH CH,—C CHy—C
' |
CO,CH,CF,CFoH / X \ OCOCH; / y \ CO,CHoCFy / ,
P—1—25
fFs
_CH.
co; CFs \ Chs \ / CO,CH,
?H_CH CH2—<IJ CHy— CH
CO,CH,CF3 / X \ OCOCHS / y \ Z
P-1—26

Exemplified compounds of type B

)

CH—-—-—C LCHz——l(-’: \
CF3 / s
O (CHz)z—(Si0)132—Si(CHz)z
CFa (‘DH
p-2-1 ’
?OgCHzCFa \ / \
CH—CI;H CHz“‘g
COLCHCE 3 ) | Ha
Om(CHz)z‘—(?io)szt“—Si(CHa)s
CH3
P-2-2

26



WO 2007/004743

PCT/JP2006/313802

\
)

\

)

CFa
[\ [ \
CH-cH CH,—C :
\ CO,CH=CF3 / | b
0. (CHz)s_(S!iO)mz“"Si(CHa)a
VA
p-2-3
CFs
CH
[\ \
CH-CH CH—C
=== G
CO5CHzCF=CF2H ]
,(CH2)z—(Si0)4a2—SI(CHa)a
0" g I
p-2-4 Chts
/ CO2CH,CF2CF 5 ‘\ / CF3
CH-CH CHy—C
\ CO,CH,CFCF3 / s
,(CH2)=—(Si0)132—Si(CHa)s
- 07 % l
CHaz
P-2-5
co,”” CFs CHa j/ .
é—?H \ / HoC { CHo—CH —
CO, CF3/ \ o) CHs/ _3 i
T hig O—(CHoz— (i) —ST(CHYs
CFs 0 g
pP-26
CO,CH,CF3 cH,
H(i}-—CH \ /HC | CH,—CH
| 2 I 2 CH
COchcha/ \ (o] CH3 l 3
hid O (OH;— Sk SiCH
0
P-2-7 Chs

27



WO 2007/004743 PCT/JP2006/313802

CF;

CIIOZ)\CF;, \ / CHa \ / \
CO,CH,CF5 / \ O._ _CHg [ I (fH3
his 0 (CHas— (0} sz—SiCHay
CHy -

CF;

2/kCF3

CH
SR W SV \
N L0,CH,CF 2CFoH / \ cl) CHs / \ J\ fH . )
il 0

,(CHp)3—(8i0)132—Si(CHa)s
CHa

/ (IDOZCHZCFZCF;, \ CH3 \ CF3

[ il \
c— CH _ HZC CH,—C
H : CH3
C020H20F2CF3 CH3 I
,(CH2)s—(Si i
o)

o (St@)mz —S8i(CH3)s

CHs;
P—2—1 0

CF3

?02)\CF3 \ / - CHs \ / S

T

C—CH H.C | \
H o ] CH
CO,__CFs / \ O.__CF; / | GHs
T hid 0~ (CHy— (80— SICHa):

CFs 0 CHs
P-2-11
CF;
cl:oz CFs CHs \ /
G—CH HC } SU-1001
CO, YCF;; o\n/cH3 / \
CF3 0
P-2-12

28



WO 2007/004743

PCT/JP2006/313802

COoCH,CF3 CH
3
HC HoC ~SU-1001
COZCHcha / \
P-2-13
CF;

cI:o;,)\cz:3 CHa

—C—CH \ / H.C } SU-0501
CO,CH,CF3 ) \ o\n/c:H

o
P-2-14

e
\ COCH,CF,CFH /\ O\n/ /\

/0020H20F20F3 \ /

C
G—cH H,C i su 1004
\ COLCHLCFLCFs ) K O\”/CH

o)
P-2-16
CFs
co/km:3
G—CH

CH \
CH>—CH - \ / °
H

, H,C-|

COz__CF3 / l ?HS \ | )
\l/ O—{(CH3)» “(Sli0)132—8i(CH3)3 G O;(CH,),0H,
CF3

) CHs
P2-%7

29



WO 2007/004743

]

PCT/JP2006/313802

\

- HC
Si{CH3)s )

\/

OCHCH,0H

)

CF;
/(1302 CFa \ é
ﬁ—‘Cl 1 CHZ_CH -
\ CO,CH,CFa / | s
0) (CH'Z)S'-(SI i0)132—
o CHa
P-2-18
CF3
(e N[ T
G—CH CH;—C
CO,CHzCF,CF=H \ /
O (CHZ)S (SIO)132 SI(CH3)3

P-2—19

30

HoC

OCHCHOH



PCT/JP2006/313802

WO 2007/004743

31

2-¢~d
0 £40
HOZHO?HDO
_ fo\Fo foL/ No“_u .
/ of\ /roovam \ / __ O%H HO—3
A ®HO \ / mn_oJ\Nou \
40
L2-é-d
HOPHOHO
EHn
| L. 0 Q
BEHONS—-ZBHO!S)~EEHD) \:/
m_._m gD 0 Imu_omn_ofowoﬁ_u ’
o%H O~—HD ” o r_olm
// \ / fm_u \ / T8O \ / fo/\Noo \
£40
02-2-d

fw 0 €40
2142 EEHONS—2EHOIS)—4(*HO)—0 -
HO | i H
/ L2 / 2 HO—D

H HO—HO = HO—D
\ / fn,u \ / fo/\«on_u \



PCT/JP2006/313802

WO 2007/004743

g¢-¢-d

0
£4NZ 4NZIIAE \*/
402 408HD on_u fo&/o 200
| | H
HO—0H L0OL-NS —o%H HO—3
/ _ \ / \ / EHO \ / €40 500 \
HOZHOPHOZ0D J\
£40 :
v2-2-d
0

\ _TOO_.-Dm/ \mIO\ﬁﬁ

/v \ £40%HDZ0D
O%H _c_wlm

)

\ ONIONIOO
/ l ON__

[

/

E40%40%HO® oo

\

\

g¢~g-d

s 1
\ / m.._ofowoo\

il

Nn_own_ofomoﬁ_v

)

OlnIJ

Iofofomoo

/ [ %a<

HO—

mn_oJ\Noo

€10

5/

32



PCT/JP2006/313802

WO 2007/004743

82-2-d
< HO

2L%HO0 mnfov_m.lmm;o__mv!N@._ov.lo

| HO |

o
LZ~2-d
0
He00

\

o __\m

EHO

EHD)IS—BHOIS)—2(EHO}—O

|
EHO

9¢-d-d

_ EHO

RIPRIEIRCS
O%H oel-ns m O%H HO
O

HO—2HO

-\
=/

]

33



PCT/JP2006/313802

WO 2007/004743

_

E40PHOZOD \
HD—H)

\L s |\
4

NIO NIONO%

/

HO—0O%H —1001-NS \ /

0
/ \ EHO ﬁ_u J \ INn_oN..._ofoNow I/
/S A F— Do )
\ / mIW \ / mmO/_\NOmu\
€40
0e-2-d 5 oo

0
ﬁ/fom_._omoo mN..N..m
EHO
mpfg_mlwﬁo_vlﬁxgxo#\o
€HO Az,

HO—0PH \ /

_
EHO

xm.._omh_oNIoNom H

=,
b

\

ON

H HO—O
|
\ / muOJ\NOU

€40

N

34



PCT/JP2006/313802

WO 2007/004743

€40

m.._oL/ Noo /
_ 1

\

fo

HO—D “ D24 } _oJ
/ \ / BHO \ m.._oJ\Noo

1 T~

fo/\moo \

E40

ce-g-d
EHO
| 2 5 0
o SEHOIS—H0%) —* o) \c/
c o) HE40P40ZHO?OD
IU _ ] I
</ .rw!.NIO _ O%H Iolm
eHO - \ / eHO \ / foJ\Noo \
€49
. z8-2-d
Iw o) E4o
gEeHONS— 28 O!S)—3EHD) O
mqf%oo fw : “ fo\:/o foL/ Now "

35



PCT/JP2006/313802

WO 2007/004743

64040900

/

\

_[_) ._)
g RO =i/

m%Iovuou_.u

)\

ge-2-d
o)
\ fo&.ﬁo / \ HE4n2 40840200
o e
*O \ / foJ\Noo

€40

36



WO 2007/004743 PCT/JP2006/313802

The copolymer of the invention i1s a transparemt
(ultraviolet to near infrared region) and amorphous copolymex,
and is soluble in a general soclvent (particularl~y,
tetrahydrofuran (THF), ethyl acefate and ace tone).

The copolymmer of the invention has a number average
mo lecular weight (Mn) of prefexably from 1,000 to 1,000,000,
more preferably £rom 2,000 to 8 00,000, and further preferably
from 10,000 to 600,000, particularly preferabl y from 50,000 o
400,000, and most preferably from 100,000 to 300,000, in terms
of styrene conwversion measured with a gel permeation
ch romatography.

The copolyrmer of the invention has a weilght average
mo lecular weight (Mw) of preferably from 2, 000 to 1,000,000,
more preferably £rom 20,000 to 1,000,000, further preferably
from 100,000 to 600,000, and particularly preferably from
150,000 to 600,000.

The dopolymer of the invention has Mw/Mn of preferably
3. 5or less, more preferably 2.5 or less, and furrther preferabdly
2. 0 or less.

The copolymer of the invention has a glass transition
temperature (Tg) of preferably £ rom 25 to 250°C, more preferably
from 60 to 200°C, further preferably from 80 to 180°C,
particularly preferably from 80 to 160°C, and most preferably

from 80 to 130°C.
The copolymer of the invemtion has an elastic modulus of

preferably 800 MPa or more, and more preferably from 1,000 to
3, 000 MPa.

The copolymer of the invemntion has a tensile strength of
preferably 20 MPa or more, and more preferably from 25 to 45
MPa.

The copolymer of the invemtion has a refractive index of
preferably 1.5 or less, and more preferably 1.45 or less.

The  copolymer of the invention preferably has low

hy groscopic property, and, for example, it is preferable that
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a saturated water absorption at 25°C is less than 1%.

The copolymer of the invention preferably has
transparency.

Where the copolymer used iﬁ th e invention obtadined as
above is used in, for example, optical materials suchas optical
waveguiides as described hereinafter, 4t is preferable t hat the
copolymer is a transparent (ultraviolet to near imfrared
regionn) and amorphous copolymer, and is soluble in a general
solvennt (particularlsy, tetrahydrofuran (THF), ethyl acetate
and the like).

(Polymerizable composition) .

The polymer is obtained by polyrmerizing a polymexizable
composition containimng a compound represented by the Formula
(3), and at least one of a compound represented by the Formula
(4) annd a polysiloxane-containing compound.

Formul.a (3)

R'0,C- CH=CH-CO,R?

In the formula (3), R* and R? represent an alkyl group (excluding
the case that the alkyl group contain s a group represemted by
—(CX,) n—X (X is a halogen atom, andnis &an integer of 7 ormore)),
or an aryl group, provided that at least one of R' and R? contains
a fluorine atom.

In the formula (3), R! and R? are the same as defined in
the formula (1), and the preferable s cope is also the same as
defined therein. The unsaturated compound includes & trans
form (fumaric aciddiester) and a cis form (maleic acid ddester),
and may be either of those. Trans form is preferable.

Where R' and R® are the same (R'=R?=R), the fumaric acid
diester that is the compound represent ed by the formula (3) can
be symthesized by a single step from commercially available
fumaroyl chloride and alcohol as shown below. Where RT and R?
differ, the compound is obtained by using maleic anhydxide as
a starting material, and successivelsy reacting the sarne with

two ki nds of the corresponding alcoho 1ls using, for exaxnple, a
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method described in JP-A-8-160365.

X o)
cl .
— R-OH - )-0 —R
Cl —
R—O
o
o)
- R1-OH = 2 9
- R2-OH 2
A R1—0~<—>—OH O-R
0] O 0] —
oo

R1—oO

Maleic anhydride

Formula (4)

R4

= _\<0Ré

Inthe formula (4), R® represents an alkyl group, an ar yl group,
analkoxy group or anamino group (which 'may be an anilino group),
and R*? represents an alkyl group.

In the formula (4), R® represents an alkyl group, an aryl
group , an alkoxy group or an amino group, and R® represents an
alkyl group. R® and R? are the same as defined in R® and R* in
the formula (2-1), respectively, and the preferable scope is
also the same as defined therein.

The compound represented by the £formula (3), the compound
repre sented by the formula (4) and the polysiloxane-containing
compound may be contaimned in two kinds or more, respectively.
Further, other monomers may be conitained. As such other
monomers, MONOMErS copolymerizable with  the compound
repre sented by the formula (3), the compound represented by the
formula (4) and/or the polysiloxane-<ontaining compound can

widel vy be used. Specific examples of the other monome r include
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acrylate s, methacrylates, styrenes, vinyl esters, vinyl ethers
and dioxenes.

The preferable embodiment of the polyrnerizable
composit ion of the invention is .a pollymerizable cormposition
containing, at least, at least one of the compound represented
by the formula (3) and at least one of £he compound represented
by the formula (4). The ratio (molar ratio) of the compound
represented by the formula (3) and the compound repre sented by
the formula (4) is preferably from 60:40 to 40: 60. The
preferal>le scope of the compound represented by the formula (3)
and the compound repres ented by the formula (4) is thhe same as
defined above.

Another preferalble embodiment of the polymerizable
composition of the invention is a polymerizable commposition
containing the compound represented oy the formula (3), the
compound represented by the formula (4) and a -siloxane
unit-containing compound. Those «compounds each may be
contained in only one kind or two kimds or more.

Specific examples of the compound represented by the
formula (3) used in the invention are exemplified below, but

the invention is not limited to those specific exammples.
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Specific examples of tthe compound represented by the

formula (4) used in the invention are exemplified below, but

the invention is not limited to those specific examples.
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CHs CHs Chs CHy GHa CHs O
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O 0 0 o]
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As the siloxane unit-containing compound , the

exemplified compounds of the compounds xepresented Yy the
formula (6) to (10) descxribed hereinafterr can preferably be
employed.

It is preferable that the copolymer of the inventtion is
obtained by radical polymerization of the polymerizable
composition in the presence of a polymerizat ion initiator-. The
radical polymerization is advantageous imx the standpo int of
easiness of operation because 0of allowirag the presemce of
moisture, and has themerit that it is easyto obtainarela tively
high mole cular weight material. As the metthod of producing by
radical polymerization, the conventional methods can be used
for the production. Examples of the method that can bbe used

include a bulk polymerization, a solution polymerization, an
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emulsion polymerization in water or im an emulsion, and a
suspension polymerization. The polymerization method is
appropriately selected depending on the performances required
in optical members used. For exaﬁple, in the case of a core
material of optical fibers, a bulk polymerization is prefe rable,
and in the case of a cladding material of optical fibers, it
is preferable to appropriately select from a bulk
polymerization, a solution polymeriz=ation, an emulsion
polymerization and a suspension polymer-ization.

A solvent used in the liquid polymerization is not
particularly limited, but ethyl acetate, butyl acetate, methyl
ethyl ketone or the like is preferably used.

The polymerization initiator can appropriately be

selected according to monomers used and the polymeriz ation

method. Examples of the polymerization i.nitiator are per oxide
compounds such as benzoyl peroxide ( BPO) ,
tert—butylp‘eroxy—Z—ethylhexanate { PRO),
di-tert —butylperoxide  (PBO), tert—butylperoxyisop ropyl

carbonate (PBI) and n-buttyl 4,4-bis(tert—butylperoxy)val arate
(PHV), and azo compounds such as 2,2’ -azobisisobutyronit rile,
2,2"-azobis (2-methylbutyronitrile),

1,1’'-azobis (cyclohexane—1-carbonitrile,

2,2"~azobis (2-methylpropane), 2,2'-azobis(2-methylbut ane),
2,2"'-azobis (2-methylpentane),

2,2'-azobis (2,3-dimethylbutane),

2,2"-azobis (2-methylhexane),

2,2"-azobis (2,4~dimethylpentane),
2,2'-azobis(2,3,3~-trimethylbutane),
2,2"-azobis(2,4,4~-trimethylpentane),

3,3"-azobis (2-methylpentane), 3,3'-azobis(3-methylhexane),
3,3'-azobis (3,4-dimethylpentane),

3,3"-azobis (3-ethylpentane),

dimethyl1-2,2’ -azobis(2-methylpropionate),

diethyl—2,2" ~azobis (2-methylpropionate) and
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di-tert-butyl-2,2’'-a=obis (2-methylpr opionate) . Those
polymer ization initiators may be used as mixtures of two or more
thereof .

In the case of a process condﬁcting in an agqueous medium,
an organic free radical initiator such as a persulfates or a
“redox’” compound can further be used.

A chain transfer agent may appxopriately be uased for
regulat ing amolecular weight. Thechaintransfer agent isused
to regulate a molecular weight of the polymer. The chain
transfe r agent can appropriately select its kind and a&addition
amount according to the kind of the polymerizable monomer.
Chain transfer constant of a chain transfer agent to each
monomer can refer to, £for example, Polymer Handbook, 3*™ Edition
(J. BRANDRUP and E. H. IMMERGUT, Published by JHON WILEY & SON) .
The cha in transfer comstant can further be determined by the
experiment by reference to Takayukd Ohtsu and Masayoshi
Kinoshi ta, | Experimental Method of Polymer Symthesis,
Kagaku—dojin Publishing Co. (1972).

A s the chain transfer agent, alkyl mercaptans (such as
n-butyl mercaptan, n—pentyl mercaptan, n-octyl mexcaptan,
n-laury 1l mercaptan, and tert-dodecyl rmercaptan), thiophenols
(such as thiophenol, m-bromothiophenol, p-bromothiophenol,
m—toluenethiocl, and p-toluenethiol) , and the 1ldke are
preferablyused. Of those, the alkylme rcaptans suchas n-octyl
mercaptan, n-lauryl mercaptan and tert-dodecyl mercaptan are
more preferably used. Chain transfer agent in which a lhhydrogen
atom in C-H bond is substituted with a heavy hydrogen atom or
a fluorine atom can also be used. The chain transfer a gent may
be used as mixtures of two or more thiereof.

Polymerization temperature generally depends on
decomposition rate of the polymerization initiator selected,
and is preferably from 0 to 200°C, and more preferably from 40
to 120°C. Where a gaseous monomer is used as the cornonomer,

polymerization is preferably conducted in a pressure vessel
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such as an autoclave, and a pressure applied at that time 1 s,
for example, from atmo spheric pressure to 50 bar, andpreferably
from 2 to 20 bar.

The method of producing thé copolymer o type A of the
invention includes a method oFf obtaining a polymer Dby
polymer izing the compound represented by the formula (3) and
the compound represenmted by the £formula (4), &as shown below.
Other methods can also be used. The other metthods include a
method of polymerizing maleic anhydride and the compound
represented by the formula (4), and esterifyimg by a polymer

reaction, as shown im the followding reaction formula.

= R4

/A/l :< R® /CH—CH A CH2-C/
T T e oLpi=d | .

0

RL.OH R2OH %CH—CH%—{CH - /.%_

R1C ogc C02R2

In the reaction formula, R! to R* are the same as defined
in R* to R*? the formula (1) or (2-1).

Introduction site of the repeating unit (siloxane uni t)
contained in the copolymer of type B of the invention and
introduction method t hereof are not particularly limited, but
the following three methods axe the representative and
preferable method.

(1) A method of introducing a fumarate having & siloxane unit
as one of monomers imto a side chain.

(2) A method of introducing into a side chaim using a vinyl
monomer having a siloxane unit.

(3) Amethod of introducing into a side chainusing an initiat or

having a siloxane undit.
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(1) A method of introducing a fumarate having a siloxane unit
as one of monomers into a main chain

It is preferable to use a compound represented by the
following formula (6) (Eumaric acid ester or maleic acid ester)
as one of raw materials.

Formula (6)

R’O,C—C=C—-CO,R8
H H

In the formula (6), at least one of R’ and R® is a substituent

represented by the fol lowing SU-1:

SU-1

IIRQ i311
— LY A{-Si0}—si-R 13
"Rt P g2

In the abové formula, R® to R'® each represent a hydrogen atom,
an alkyl group or an aryl group, .t represents a conmecting group
having £rom 1 to 20 caxbon atoms, n is an integer of 0 or 1,
and p is an integer of from 10 to 1000. When omaly one of R”
and R® i s SU-1, the other represents an alkyl group or an aryl
group.

When R’ and R® are an alkyl group, the alkyl group may"
be any of linear, branched and cyclic form. The alkyl group
has preferably 10 or les s, and more preferably 5 or less, carbon
atoms. Specific examples of the alkyl group incl.ude a methyl
group, an ethyl group, n—-propyl group, isopropyl group, n-butyl
group, tert-butyl group, txrifluoromethvyl "group,
2-triflwuoroethyl group, and 1lH, 1H,3H—tetrafluoropropyl group.

When R’ and R® are an aryl group, the aryl group preferably”
has from 6 to 8 carbon &atoms. Preferable examples of the aryl
group dnclude a phemayl group, a methylphenyl group, a
pentafluorophenyl grouap, and p-methoxyphenyl group.

When R® to R*® are an alkyl group, the alkyl group may be
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any of linear, branched and cyclic form. The alkyl group has
preferably 10 or less, and more preferably 5 or less, carbon
atoms . Specific examples of the alkyl group include a methyl
group , an ethyl group, n—propyl gro‘up, isopropyl group, n-butyl
group , tert-butyl group, trifluoromethyl group,
2~tri fluoroethyl group, and 1H,1H,3H-tetrafluoropropyl group.

When R® to R*® are an aryl group, the aryl group preferably
has fxrom 6 to 8 carbon atoms. Preferable examples of the aryl
group include a phenyl group, a methylphenyl group, a
penta fluorophenyl groupr, and p-methoxyphenyl group.

As R® to R'Y®, an alkyl group is preferable, and a methyl
group 1s particularly preferable.

L' is preferably an alkylene group having 5 or less carbon
atoms .

p is preferably an integer of frrom 30 to 500.

R’ to RY® may have a substituent. As the substittuent, in
addit ion td a halogen atom (preferal>ly a fluorine atom),
subst ituents exemplified as the substi tuents of the above R*
to R® are exemplified as the preferabl e examples.

Specific examples of the compound represented by the
formula (6) are exemplified below, but the invention is not

limited to those specific examples.

g
HaG L COZ——(CHZ){—(SIi O)ég——Si(CHg,)3
. : CHiz
(H30)3Sl—(OS‘l)gg—(H20)2——OZC
HaC
6-1
g
Coz"‘(CHz)z‘(?io)gs—‘Si(CHs)s
CHy
HaCO,C 6-2
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i
COQ—Q—(?iO)ﬁSi(GHQ,);,.
CHs :
HsCO,C .
6-3
CO;—(CH,);~(SI0)—Si(CHz)s
FaCH,CO,C @

6-4

monomer having a siloxane unit
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(2) A method of introducing into a side chain using a vinyl

It is possible to use as a raw material an optional

(4

Formula (7) Formula (8)
R14 R14
CH,=C/ CH,=C|  su-1
2 27V _
“o—SU-1 o—~<
O
SuU-1

9 R

R
—€L1ﬁéi0)p—sli——R“3
I
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siloxane-containing winyl monomer copolymerizable with the

) and the compound

For example, it is preferable
+o use at least one of a compound repre sented by the fol lowing
formula (7), a compound represented by the following £ormula

(8) and a compound represented by the following formul a (9).

Formula(9)
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In the formulae (7) to ( 9), R represents a hydrogen atom,
a methyl group or a trifluoromethyl group, and a hydrogem atom
and a methyl group are preferable.

The definition and preferabie examp les of R® to RT3, 1P,
p, n in SU-1 are the same as defined in the formula (6>, and
the preferable scope is also the same as defined therein.

Specific examples of the compounds represented oy the
formulae (7) to (9) are exemplified below , but the invention

is not limited to those specific examples.

CH;;_:C\H (|3H3 CH2:C\H C]3H3
0—(CHz)2—-(?iO);gz—Si(CHs)s O*—(CHZ);(?iO)gSi(CHgb
CHs CH3
7-1 7-2
CHp=CH CHs
\ . . CH,=CH
O—(CH2)=—(Si0)=——Si(CHa) 27 . _
2 I " 200 3 O—(CHL—~(SI0)—Si(CHa)s
7-3
7-4
CHy=CH ?HB . CHZ=GH ?Fs
O—(CHz);—(?lO)EBES'—@ O—(CHz)é-—(?iO)-ég—Si(Csz)g
CHg @ CFs
7-5 -6
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5 Si(CHals

CH,=CH (|3H3
o—(”:—-(CHz)3—(Si0)
o) Ha
8-1
CHZ—CH (13H3
o &)CE‘@(?IO)"?—OOS'(CHS)S
CHs
8-3
CH CHs

CH,=

\

CHs

8-5

| .
c}g (CH2)—(SllO)—Sl—©

200 I
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(3) Amethod of introducing into amain chain using an initiator
having & siloxane unit

By using an initiator having a-siloxane unit in the
molecule, it is possible to introduce the siloxane unit into
the maim chain. The kind of the init iator having & siloxane
unit is not parti cularly limit ed, but a siloxane
unit-containing azo initiator having a repeating unit
represenited by the foll owing formula (10) is exemplified as the
example -

Formula (10)

|CH3 CH, ‘315 I|?17
0C-(HC);—C—N=N CHzCHZCONH(CH3)3—S|i—(O§i);(—(CH 5)sNH
CN CN R'® R'8

In the Formula (10), R'® to R'® each represent an alkylAgroup
or an aryl group, and x is an integex of from 10 o 1,000.

When Rls to R¥® im the formula (10) are an alkyl group,
the alky 1l group may be any of linear, b ranched and cy clic form.
A linear or bragnched alkyl group is preferable. The alkyl
group ha s preferably 10 or less, and more preferably 5 or less,
carbon atoms. Specific examples of the alkyl group include a
methyl group, an ethyl group, n-propyl group, isopropyl group,
n-butyl group, tert—butyl group, trifluoromethvyl group,
2-trifluoroethyl group, and 1H,lH-pemtafluoropropsyyl group.

' When R to R¥® in the formula (10) are an aryl group, the

aryl group preferably has from 6 to 8 carbon atoms. Preferable
examples of the aryl group include a phenyl group, a
methylphenyl group, a pentafluorophenyl gr oup, and
p-methoxyphenyl group.

X preferably is an integer of f£rom 30 to 500.

Specific examples of the si loxane unit-<ontaining
initiator represented by the formula (1.0) are exempli fied below,

but the invention is not limited to those specific examples.
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CH CHs CHs CHa

HO OC-(Hzc)Q_(F"' N=N+CH2CH2CON H(CH3)3 SI—“(OSl)»] 35 (C H2)3 10-1
CN CN CH3 CH,
CH CHj CHs CHs

HO—-0C-(H,C)5 c N=N—’-—CHZCH2CONH(CH3) SI——(OS|)67 (C Hy)sNH 10-2
CN CN CH3 CH3
CH CHj CHs CHy

OC (H2C)2 C N=N CH20H2CONH(CH3)3’"‘S|—(OS|)ZQO (CH2)3NH H 10_3
CN CN c:H3 CH,

CHa CHs Ph P
HO—-OC-(H,C);~G—N=N +CHZCHZCONH(CH3)3—S|I—(OS| Jor—(CHa)sN 10-4
N CN Ph

Of those, VPS1001 (10-1) and VPS0501 (10—2) that are the
polysiloxane-containing azo initiators, products of Wako Pure
Chemical Industxries, Ltd., are exemplified as the particularly
preferable example.

When polyrnerization is conducted using those siloxane
unit-containing initiators, other general radi cal
polymerization dnitiators may be used together.

Other tharm the raw mater ial monomers of t£he copolymex of
the invention (for example, the compound repxesented by the
formula (3), the compound represented by the formula (4), and
the compound represented by the formula (6)), opticnal vinyl
monomers (monomer C) copolymerizable with the raw material
monomers may be used. The monomer C can has a functioma of
imparting adhesion or solvent solubility, oras a crosslinkable
group or a substituent for connecting crosslinkable groups.

Specific examples of the radical polyme rizable monomer
C are exemplified below, but the compounds that can be used in

the invention are not limited to those specific exampless.
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Pol ymerization reactiom for obtaining the copolymer of
the invention is preferably that a reaction solution obt ained
by the pol ymerization reactiomn can directly be used as a curing
resin composition, and it is prefe:ﬁable to cornduct the rea ction
in a solution polymerization system using an organic sol vent.
Examples of the preferable polymerization solvent include (1)
esters such as ethyl acetate, bbutyl acetate, i sopropyl ace tate,
isobutyl acetate and cellosolve acetate; (2 ) ketones such as
acetone, methyl ethyl ketome, methyl isolutyl ketone and
cyclohexane; (4) cyclic ethers such as tetrahydrofuram and
dioxane; (4) amides such as N,N-dimethyl formaldehyde and
N, N-dimet hylacetoamide; and (5) aromatic hydrocarbons suach as
toluene and xylene. Of those, esters, ketomes and ether-s are
preferabl e. Ethyl acetate, a&acetone and methyl ethyl ke tone,
that do not have a high boilimng point, and do not have locad in
drying, axe particularly pref erable. If nec essary, alcohols,
aliphatic hydrocarbons and the like can be used and mi xed.

The copolymer of the invention may be obtained by
appropr‘ia_tely subjectiﬁg the reaction solution obtained by
polymerization reaction to a post-treatment. As the
post-trea tment, a general xeprecipitatiom treatment (for
example, a purification method of adding a polymeriz ation
reaction solution to an insoldubilizing agent of a copol ymer,
comprising an alcohol, or +the like, and insolubi‘liz ation
precipitating the copolymer) —an be conducted , and subsequ ently,
by dissolving the solid copolymer obtained in a solvent, a
specific copolymer solution can be prepared. Further , the
polymerization reaction soluttion from which residual mon omers
have been removed can directl vy be used as a specific copolymer
solution.

Practically, the curing resin composition off the
inventionn preferably has curing properties. Where the
copolymer ‘itself does not hawe sufficient curing properties,

necessary curing properties may be imparted, or curing
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characteristics may be improved, by further adding various
crosslinkable compounds, additives, polymerization imitiators
and the like, thereby forming a three-dimensional crosslinking
structure or IPN (Intexr Penetrating Network) structur e. Where
the crosslinkable compound is wused, a mixture of the
crosslinkable compound and the copolymer can be used as the
curing resin composition, or a reactiomn product obtained by
reacting the whole of the specific copolvymer and crosslinkable
compound, or a reaction product in a state that only a part of
those has been reacted, can be used as the curing resin
composition. '

The curing resin composition used in the invention is
preferably in a form of liquid, contains the copolymer of the
invenntion and a solvent dissolving thhe same, as essential
constituents, and ds prepared by dissolving various
crosslinking agents, additives and polymerization imitiators
according to need. In this case, concentration of the solid
content is appropriately selected according to the use, but is
preferably from 0.01 to .60 mass$%, more preferably from 0.5 to
50 mass%, and further preferably from 1 to 20 massS.

The solvent contained in the curing resin compo sition is
not particularly limit ed so long as the composition containing
the coéolymer of the invention is uniformly dissoclved or
dispersed without gene rating precipitates. The solvent may be
used as mixtures of +two or more thereof. Examples of the
preferable solvent include ketones (such as acetone, methyl
ethyl ketone and methyl isobutyl ketone) , esters (suckh as ethyl
acetate and butyl acetate), ethers (such as tetrahydrofuran and
1,4-dioxane), alcohols (such as methanol, ethanol, Zisopropyl
alcohol, butanol amnd ethylene glycol), and “aromatic
hydrocarbons (such as toluéne and xylene) . As descril>edbefore,
it 4is preferable that a reéaction solution obt ained by
polymerization reaction can directlybe tased as the curring resin

composition. Therefore, 1t is preferable that the
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polymerization catalyst further functions as the solvent
contaained the curing resin composition. It is more preferable
that the reaction soJdution obtained by the polymerization
react ion is further di luted with a suitable amount of the same
kind of a solvent as the polymerization solvent, and is used.

If necessary, additives such as fine particles of silica
orthe like, various silane-coupling a gents or their hydrolysis
partial condensates, surfactants, thickening &aagents and
level ing agents may appropriately be added to the curing resin
composition.

Curing manners of the copolymexr contained in the curing
resin composition of the invention include the following three
methods.

A first method is a manner of imparting a funct ional group
such as a hydroxyl group or an amino group to a side chain of
a copolymer, and reactting with a polyfunctional crosslinking
agentt such as a polyfunctional isocyanate to form a
three—-dimensional crosslinking structure, a second method is
a manner of impartirlg. a polymeri zable group such as a
(meth)acryloyl group to a side chain of a copolymer, and
reacting with a polymerization initiator to form a
three-dimensional crosslinking structure, and a thhird method
is a manner of adding a compound having a monofuncional or
polyfunctional polymerizable group> to a copolymer, and
polymerizing in a mixed state to cause interlocking of polymers
with each other, althouagh no direct borading therebetween. Thus,
curing characteristics are improved .

Those curing mamners are speci fically descrdibed.below.
(1) The first manner is a curing reszin composition comprising
a combination of a polyfunctional crosslinking agent and a
copolymer having a functional group rreacting therewith. When
the copolymer of the invention has a hydroxyl group at a side
chainn, the hydroxyl group at a side ~chaimm and the

(polyfunctional) curing agent are reacted to cure . A method
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of introducing a hydroxwvyl group into the copolymex of the
invention i. s preferably a method of introducing ‘a hydrosxyl group
or a copolymer having a protected hydroxyl group into a side
chain as ome of copolymexizable cbmponents, and i1f necessary
deprotecting.

On the other hand, the (polyfumnctional) cros slinking
agent used may be an oligomer or a polymer. Dependirnng on the
kind of the (polyfunctional) curing agent used, the curing
manner can be classified into (I) a curlimng using an amimo resin,
(II) curing using a polyfunctional isocsyyanate, and (IIXI) curing
using a cationic polymeri=able crosslin king agent. In the case
of conducting curing by an amino resin as in (I), examﬁles of
the amino ¥resin used include a urea resin, a melamine resin,
a benzoguanamine resin and an acetoguanamine resin. The
melamine resin is particularly preferable from the points of
performances of a cured film and costs. In the .case of
conducting curing using a polyfunctional isocy.anate as in (II),
examples of the polyfunctional isocyanate used include
triphenylmethane triisbcyanate, toluylene diisocyanate,
xylene diisocyanate and hexamethylene diisc cyanate.
Toluylene diisocynateis parti.cularly p referable from the point
of reactivity. In the case of conducting curing by a cationic
polymerizalle crosslinkimng agent as in (III), the crosslinking
agent used preferably has a ring opening polymerizable group
such as an epoxy group, an oxetanyl groﬁp and an oxazolime group,
as a cationic polymerizable group. 'The crosslinking agent
having an epoxy group dis particularly preferable. Those
crosslinkimng methods (I) , (II) and (ILZI) may be used alone or
as combinations of two or three methods. The crosslinkable
compound used in (I), (XII) and (III) is not limited to the
compounds shown herein, and crosslinking agents showr in, for
example, Handbook of Crosslinking Agent, Taiseisha, may be
used.

(2) The second method i s a manner of imparting a polymerizable
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group such as a (meth)acryloyl group to a side chain of a
copolymer, and reacting with a polymerization imitiator to form
a three—dimensional cxrosslinking structure. DIn the case that
the structure of the copolyme:f is a fluorine-containi ng
copolymer having a (meth)acryloyl group introdwuced into a side
chain, <uring is conducted by radical polyme rization of the
(meth)acryloyl group introduced. As the method of introduci ng
the (meth)acryloyl group into the copolymer, the following (a)
to (f) methods are preferable. ™That is, the methods are (a)
a method of synthesizing a copolymer having anucleophilicgroup
such as a hydroxyl group or an amino group, and acting
(meth)acrylic acid chloride, (meth)acrylic acid anhydride or
a mixed acid anhydride of (meth)acrylic acid and
methane sulfonic acid, (b) a method of acting (meth)acrylic acid
to the cbpolymer having a nucleophilic group in the preserace
of a cattalyst such as sulfuric ‘acid, (c) a method of acting a
compound ha'ving both an isocyanatte group and a (meth)acryloyl
group, such as methacryloyloxypropyl isocsyyanate, to the
copolymer having a nu.cleophilj_c group, (d) a method of
synthes 1zing a copolymer having an epoxy group, and acting
(meth)a crylic acid, (e) a method of acting a compound having
both an epoxy group and a (meth)acryloyl group, such as glycidyl
methacr ylate, to a. copolymer having a carboxyl group, and (If)

a method of polymerizing a vinyl monomer having a
3—-chlor opropionic acid estexr site, and conducti.ng
dehydro chlorination. Of those, (a) or (b) i s preferable to

particularly a copolymer having a hydroxyl group.

The radical po].ymerizatiori initiator can use either of
an initdiator generatimng radicals. oy the action of heat (thermal
polymer ization initiator) andan dinitiator generating radicals
by the action of light (photopolymerization initiator).

(3) The third method is a manne r of adding a compound having
a mono funcional/polyfunctional polymerizable group to a

copolymer, and polymerizing im a mixed state to cause
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interloc king of polymers with each other, although no direct
bonding therebetween. The copolymer itself of the invention
does not require introduction of a functional group as in (1)
or (2). The copolymer 1is cured. by adding a polymerizable
compound having an ethylenically unsat urated group thereto, and
irradiat ing with an active energy in the presence of a
photopol ymerization ini tiator or heatting in the presence of a
th‘ermal polymerization dinitiator. The polymerizable compound
used has preferably 2 ox more, and mo re preferabl y 5 or more,
ethyleni cally unsaturat ed groups in ome molecule. Examples of
the monormer having 2 or more ethyleni<ally unsatu rated groups

include esters of a polyhydric alcoho 1l and (meth) acrylic acid

(for example, ethylene glycol di(meth)acrylate,
1,4-cycl chexane diacrylate, pentaerythritol
tetra(me th)acrylate, pentaerythritol tri(meth)acrylate,

trimethy lolpropane txri(meth)acrylate, trimethylolethane
tri(meth )acrylate, dipentaerythritol tetra(meth)acrylate,
dipentae rythritol penta(meth)acrylate, dipentaerythritol

hexa (met h)acrylate, pentaerythritol hexa(meth)acrylate,
1,2,3-cyclohexane tetramethacrylate, polyurethane
polyacry late, and polyester polyacrylate), vinyl benzene and
its derivatives (£or example , 1,4-divinylbenzene,
4-vinylbenzoic acid-2-acryloyle thyl es ter and
1,4-divinylcyclohexane) , vinylsul-Zfones (foxz example,
divinylsulfone), acrylémides " (for example,

methylenebisacrylamide) and methacrylamide. Those monomers
may be used in two kinds or more.

In the above (2) or (3), whem a compound initiating
radical polymerization by the action of heat is used, curing
of a film is conducted by heating. As such a thermal
polymeri zation initiator, organic or inorganic peroxides,
organocaz o or diazo compounds, "and the like can be used.
Specifically, examples of the organic peroxide include benzoyl

peroxide (BPO), tert—butylperoxy-2-—ethyl hexanate  (PBO),
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di-tert-butyl peroxide (PBD), tert-butylperoxyi sopropyl

carbonate (PBI) and n-butyl 4,4,

bis(tert-butylperoxy)valarate (PHV), and examples oXf the azo

compound include 2,.2’ —a zobisisobutyronitrile,

2,2" —azobis (2-methylbutyronitrile),

1,1"-azobis (cyclohexane-1l-carbonitril e),

2,2"-azobis (2-methylpropane), 2,2'—a zobis(2-methyl butane),

2,2"—azoblis (2-methylpentane),

2,2"-azobis(2,3-dimethylbutane),

2,2 —azobils (2-methylhesane),

2,2'-azobis(2,4-dimethylpentane),

2,2"-azobis (2,3,3-trimethylbutane),

2,2 —azobis(2,4,4-trimethylpentane),

3,3"-azobis (3-methylpentane), 3,3"—a zobis (3-methyl hexane),

3,3 —azobis (3,4~dimethvylpentane),

3,3 —azobis(3-ethylpentane),

dimethyl-2, 2’ -azobis (2—methylpropiona te),

diethy1-2,2’-azobis(2-methylpropionat e),

di-tert-butyl-2,2’ —azobis (2-methylpropionate) and
4,4-azobis (4-cyanopentanoic acid). The polymerization

initiator may be used in two kinds or more.

‘When -the curing is conducted by héat, the curing
temperature is preferably from 30 to 200 °C, more prefer ably from
80 to 1.80°C, and particularly preferablsy from 100 to 150°C. The
heating time is preferably from 1 second to 100 hours, more
preferably from 5 seconds to 20 hours, and particularly
preferably from 10 seconds to 1 hour.

When a compound initiating radical polymerization by the
action of light is used, curing of & film is conducted by
irradiation with actiwe energy rays. Examples oXf such a
photopolymerization initiator include sacetophencnes, benzoins,
benzophenones, phosphine oxides, ketals, anthraguinones,
thioxanthones, azo compounds, peroxdides, 2,3-dialdlkyldione

compouinds, disulfide <ompounds, fluoroamine compounds and
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aromatic sulfonium compounds. Examples of the =cetophenone s
include 2,2-diethoxvacetophenone, p-dimethylacetophenone ,
1-hydroxydimethylphenyl ketone, I -hydroxycyclohexylpheny 1l
ketone, 2—methyl—4—methylthio——Z—morpholinopropiophenone and
2-benzyl-2-dimethylamino-1-(4-morpholinophenyl) —-butanone.
Example of the benzoins include ben=zoin benzenesulfonic acid
ester, benzoin toluenesulfonic acid ester, benzoir methyl ethe T,
benzoin ethyl ether and benzoin isopropyl ether. Examples o £
the benzophenones incldude benzophenone ,
2,4—dichlorobenzophenone, 4,4-di chlorocbenzophenone and
p-ch lorobenzophenone . Examples of the phosphine oxide s
include 2,4,6-trimethylbenzoyldiphenyl phosphime oxiae.

A photosensitizer may be used in addition to the
photopolymerization initiator. Examples of the
photosensitizer include n-buty lamine, txiethylamine ,
tri—n-butylphosphine , Michler’ s ketone and thioxanthone.

When curing is conducted by light, irradiation with
active energy rays is preferably conducted using a high pressure
mercury lamp or 365 mm LED. In this case, ultraviolet
irradiation is conducted under the condition of oxygem
concentration of preferably 0.5% or Jdless, more preferably 0.3 %
or Lless, and particularly preferably 0.2% or less. Irradiatiom
enexrgy is in a ran.ge of preferably from 300 tb 1,500 mJ/cm? ,
more preferably from 400 to 1,000 mJ/cm?, and particularly
preferably from 500 to 800 mJ/cm”.

The addition amount of the commpound initiating radica l
polymerization by the action of heat or light is an amount that
can dnitiate polymeri zation of carbom-carbon doulole bonds. Imn
general, the amount ds preferably from 0.1 to 15 mass%, more
preferably from 0.5 to 10 mass$%, and particular ly preferably
from 2 to 5 mass%, to the total solid contents in the curing
resin composition.

. The cured film made from the cuiring resin composition o £

the invention forms & low refractive index layer and also ha s
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mar resistance, andtherefore can be ext ended to variowus optical
material uses. For example, it can adwvantageously loe used in
format ion of optical mmaterials such as an antireflective film
and optical fiber clad. Furthenr, utilizing high fluorine
content, it can suitably be used as materials for paint to a
substrate requiring weatherability, materials for weatherable
film, coating materials, and the like. Of those, wuse as an
antireflective film i s particularly useful, and wher the film
is applied to various displays, its visdbility canbe improved.

Application to an antireflective film having a low
refractive index layex comprising the curing resin comppsition
having the copolymer of the invention (sometimes referred to
“low reflective laminate”) is described in detail Imelow. In
particular, the copol ymer of type B camna preferably be employed
to those uses.
Layer structure of antireflective film

The antireflect ive film of the inwvention can hawve various
layer structures, but has a layer structure comprising a
transparent substrate, .if necessary, a hard coat described
hereinafter on the substrate, layers laminated thereon
considering refractive index, filmthickness, number of layers,
order of iayers, and the like, so as to decrease ref lectivity
by optical interferemce. The simplest structure of the low
reflective laminate i s a structure comprising a substrate and
only a low refractive index layer formed thereon. ToO decrease
the reflectivity, it is preferable that the antireflective
layer is constituted by combining a high refractive index layer
having a refractive inndex higher than t hat of the substrate and
a low refractive index layer having a refractive imndex lower
than that of the substrate.

Examples of the preferable layer structure of the
antireflective film ©of the invention a&are shown below. In the
following structures, the substrate film functions as a

support.
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- Substrate film/low refractive index layer

- Substrate film/antistatic layer/low refracti ve index
layer

- Substrate film/hard coat'laye:r/high refracti ve index
layer/low refractive imndex layer

- Substrate film/hard coat layex/antistatic layer/high
refractive index layer /low refractive index layer

- Substrate film/hard coat layer/middle refractive index
layer/high refractive dndex layer/low refractive index layer

- Suubstrate film/antistatic layex/hard coat laye r/middle
refractive index layer/high refractive index layer/low
refractive index layer |

Ant istatic layer/substrate film./ hard coat laye r/middle
refractive index layer/high refractive index layer/low
refractive index layer

The layer structure is not. particularly limited to those
structures only so long as reflectivAity can be decreased by
optical interference.

The antistatic léyer is preferably a layer containing
conductive copolymer particles or met al oxide fine particles
(for example, ATO and ITO), and can be formed by coating,
atmospheric pressure plasma treatmentc or the like.

The above examples show a stxructural example of an
antirefleective film that does not have glare-proof property,
but can préferably be applied to glare-proof, antire flective>
films. Imn this case, the glare-proof property can be imparted
to any of the above layers.

High and middle refractive index layers

Mat erials for formihg high and middle refracti ve index
layers and hard coat layer in the ant ireflective film of the
inventiorn are described below.

The high and middle refractive index layers in the
antireflective film of the invention has refractive index of

preferably from 1.50 to 2.40, and more preferably fromm 1.50 to
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1.80.

The high and middle refractive index layers. of the
invention contain at least & binder for forming a coatirag film,
and can further contain an inorganic filler in order to 1 ncrease
refractive index of the layers and reduce curing shr inkage.

As the compound generating an acid by the action oi light,
various examp les are described in, for example, Imaging Organic
Materials, p187-198, Orgamic Electroni c¢s Material S ocilety,
Bun-Shin Shuppan, and JP-A—10-282644, and those conventional
compounds can be used. Specifically, examples of the c ompound
include various onium salts such as adiazoniumsalt havi ng RSO3—
(R representss an alkyl group or an aryl group), AsF¢—, SbFe—,
PF¢—, BFs~ or the like as & counter ion, an ammonium salt, a
phosphonium salt, an ilodonium salt, a sulfonium salt, a
selenonium salt and an anthonium salt; oxrganic halides such as
oxadiazol dexivatives in which a trihal omethyl group has be
substituted, and S-triazine derivatives; o-nitrobenzne esters
of an organic acid; benzoin esters; inimo esters; and di sulfone
compounds. Onium salts ére preferable, and sulfonium s=lts and
iodonium salts are particularly preferable.

The antireflective £ilm of the invention preferably has
a middle refr active index l'ayei: having a refractive index lower
than that of the high refractive index Jdayer and highier than
that of the support. The middle reflectdve index layex can be
formed in the same manner as in the high refractive index layer
by controlling the amount o £ a high refractive index filller and
a high refractive index monomer, used im the high refractive
index layer.

The anti.reflective filmmay further have a hard coat layer,
a moisture-proof layer, an antistatic lay er, an undercoat layer
or aprotectiwe layer. The hardcoat layex is provided to impart
mar resistance to a transparent support. The hard coat layer
has a function to strengthen adhesion between the support and

a layer thereon. The hard coat layer can be formed urasing an
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acrylic copolymex, a urethane copolymer, an epoxy copolymer,
a silicone copolymer, a silica compound or the like. A pigment
may be added to the hard coat 1L ayer. The acrylic copolymer is
preferably synthesized by polyinerization_ reaction of a
polyfunctional acrylate monome x (for example, apolyol acrylate,
a polyester acrylate, a urethane acrylate and &an epoxy acryl ate) .
A melamine polyuarethane is imncluded in the samples of the
urethane copolymer. As the silicone copolymer , a
cohydrolyzate of a silane compound ( for example, a
tetralkoxysilane and an alkyl trialkoxysilane) and a si lane
coupling agent ha ving a reactiwve group (for example, epoxy and
methcarylic) is preferably used. Two ormore of the copélymers
can be used in combination. As the silica compound, colloidal
silica is preferably used. The hard coat layer has strength
of preferably H or more, more preferably 2H or more, and most
preferably 3H or more, in terrms of a pencil hardness of 1 kg
load. An adhesiwve layer, a shielding layer , a sliding l.ayer
or an antistatic layer may be 'provided on the support, in
addition to the hard c-oat layer. The shielding layer is
provided to shield electromagnetic waves ox infrared rays.
- The antireflective film of the invent ion is preferxrably
used as é protective layer of a polarizing plate.
On the othex Hand, the copolymer A (preferably, copol ymer
AR) is preferable as a material of an optical member. Examples
of the optical member containi ng the polymer of the inveration
include optical waveguides (particularly, optical fibers),
lenses for still camera, video camera, telescope, eyegl ass,
plastic contact 1 ens, sunlight collection or the like, mir-rors
such as concave mirrors or pol ygonal mirrors, and prisms such
as pentaprisms. A polymer having very small birefringence can
be obtained by sel ecting high heat resistance, high hygroscopic
property and monomers. ThereXore, it is po ssible to use the
same in substrates such as a scattering plate or an optical disc,

and an optical switch.
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The embodiment that an optical fiber havirmg a core portion
and a clad portion is prepared is described below. Using a
solution or a solid of the polymer, an optica l fiber preform
can be produced by, for example, the following methods ((1) is
described in JP-A-1.1-109144 (page 7, Mode for Carrying Out the

Invention)). However, the method is not limited to those
methods.
(1) Amethod of producing a pref orm by melting a thermoplastic

resin, pouring a melt of the pol ymer of the invention in the
central portion thereof, furthex pouring a refractive index
regulator or the polymer containing a refractive index
regulator in the central portiom thereof, and heat d'i.ffus:i_ng
the refractive index regulator.

(2) A method of producing a preform by forming a tube
comprising a hollow thermoplastic resin on the outermost laver
utilizing a rotatimg glass tube ox the like, pouring a solutdion
o f the polymer of thee inventionand a refractive index regulator
in the hollow portion, evaporatlng an organic solvent to form
a layer by reducing pressure or heating, whil e rotatlng, and
s imultaneously progressively imcreasing the amount of tthe
refractive index regulator added.- .

( 3) In the production methods of (1) and (2), a method of
producing a prefoirm without containing a refractive index
regulator.

(4) A method of producing a hol low preform by forming a tube
comprising a hollow thermoplastic resin on the outermost layer
utilizing a rotatting glass tube or the 1like, pouring a
polymerizable composition (monomers, a polymerizatDdion
initiator, a chain transfer agent if necessary, anda refractzdve
index regulator if necessary) capable of producing the polyrmner
of the invention (The thermoplas tic resin is & polymer having
"a different refractive index, and the refractive index is
preferably highexr than the +thermoplastic resin. Its

refractive index is preferable 0. 001 or higher, more preferakly
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0.005 or higher, and further preferably 0.01 or hi gher.) in the
hollow portion, and polymerizing by heat or light.

(5) In (4), in producing a hol low preform oXf a rotating
polymer having plural layers im a concentric fashion by
polymerizing stepwise the polymeri zable composition, a method
of producing a pref orm by using a plural kinds of momomers having
different refractive indexes, and progressivel y increasing
their refractive indexes toward the center. In this case, the
outermost thermoplastic resin layer is not essential.

The thermopl astic resin used in the above methods can be
any thermoplastic xresin so long as 4t imparts suffdciently high
mechanical strengtth under ﬁse temperature of optical‘fibers.
It is preferable to have tensile rnodulus at room temperature
of 2,000 MPa or more. Of those, particularly representative
examples include a polymethacrylate resin, a polycarbonate
resin, a linear polyester resim, a polyamide. resin, an
acrylonitri'le/styrene copolymer resin (AS resin), an
acrylonitrile/butadiene/styrene c:opolymer' resin (ABS resin),
a polyacetal resin, a cyclic polyolefin resin, a&a polystyrene
resin, a tetrafluorcethylene copolymer resin and a
chlorotrifluoroethylene copolymer resin. '

The refractive index regula tor is called a dopant, and
is a compound hawving refractive index different from the
refractive index o f the polymer or polymerizable rmonomer used.
The refractive index is preferably 0.005 or higher . The dopant
has the property tto increase refractive index of a copolymer
containing the same as compared with a copolymer not containing
the same. As compared with the polymers formedby the synthesis
of monomers, as des cribed in Patent No. 3332922 or JP-A-5-173026
those are that dif ference in solul>ility parametex is within 7
(cal/cm3) 1/2, and di_fference in refractive index is O 001 or more
and have the property to irncrease refractive index of a
copolymer containing the same as compared with a ccopolymer not

containing the same. Any compound that can stabldly be present
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together with the polymer, and is stable under polymerization
conditions (polymerization comditions suchh as heating and
pressurizing) of the polymerizable monomer as the
above-described raw material can be used.

The dopant may be a pol.ymerizable compound. When a
polymerizable compound is used as the dopant, it is prefer-able
to use a compound having the property that a polymer containing
the same as a copolymerizing coniponent increases its refractive
index as compared with a polymer not contain ing the same . In
the invention, a refractive dndex distriloution type core
portion may be formed by selecting plural kinds of monomers
having differemt refractive indexes, armd progressively
changing its compositional ratio. Further, compounds that
have the above pxroperties, can stably be pres ent together with
the polymer, and is stable under polymerization condittions
(polymerization conditions such as heating énd pressuri=ing)
of the"polymerizable monomer as the above-described raw
material canalso be used as the dopant. By foxminga refractive
index distribut ion typé core portion using the dopant, an
optical member obtained is a refractive index distribution type
plastic optical fiber having a wide transmission band.

Examples of thé dopant include those disclosed in
Japanese Patent No4. 3332922‘and JP-A-11-142657 such as benzyl
benzoate (BEN), diphenyl sulfi de (DPS), truphenyl phosphate
(TPP), ben.zyl n-butyl phthalate (BBP), diphensyl phthalate (DPP),
biphenyl (DP), diphenylmethane (DPM), tricresyl phosphate
(TCP), diphenyl sulfoxide (DPSO), diphenyll sulfide or its
derivatives, bis (trimethy 1phenyl)sulfi de, dithiane
derivativesl, bromobenzene, 1 ,2-dibromotettrafluoroben=ene,
1, 3-dibromotetrafluorobenzene,
1,4-dibromotetrafluocrobenzene,
2-bromotetrafluorobenzotrifluoride,
chloropentafluoxrobenzene, bromopentafluoroben=ene,

iodopentafluorobenzene, decafluorobenzophermone,
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perfluoroac etophenone, perfluorobiphlrenyl,
chlorohepta fluoronaphthalene &and bromheptaf luoronaphtha lene.
Of those, BEN, DPS, TPP, DPSO, diphenyl sulfide and its
derivatives, dithiane derivati{res and bromobenzene are
preferably used in the optic&al waveguide of the invermation.
Specific example of diphenyl sulfide and its derivatives, and
dithiane dexrivatives are showrnn below. Howewver, the invention
is not limited to those. '

Compounds in which hydrogen atoms present in those dopant
compounds have been substituted with heavy hydrogen atoms can
be used for the purpose of improving transparency in a wide
transmission band. Further, polymerizable dopants such as
tribromophenyl methacryalte can also be used. Whex the
polymerizab le compound is used as the dopant, a polymeri zable
monomer and a polymerizable refractive index regul ating
component a re copolymerized inlforming a matrix. Therefore,
it is more difficult to control various characteri stics
(pafticularly, optical chara cteristics), but there is the

possibility to be advantageous in the point of heat resist-ance.
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When the polymer of the invention is used ima the core
portion, a polymer having less C—H borads is preferakle, and a
polymer in which C-H bonds are substi tuted with C-D bonds is
preferable. By using the polymer in which C-H Donds are
substitutted with C-D bonds, transmiss ion loss can £urther be
decreased.

As the method of preparing the core portion having
Graded-Index (GI) type re fractive index distributiorx using the

dopant and the polymer of the inventiom, the followirg methods

75



WO 2007/004743 PCT/JP2006/313802

(I) and (II) are preferakle. However, the invention 4is not
limited to those methods.

(I) A cvylindrical molding a comprising & fluorine-con taining
polymer and a columnar mol ding b c‘omprising the polymex of the
invention containing a dopant are prepaxed by melt extrusion
molding. The molding b is inserted im the molding a. By
heating, the dopant in the molding b is melt dispersed to form
GI type zrefractive index distribution. This method is one
embodimemnt of the above method (1).

(IT) A solution of a fluo rine-containing polymer is poured in
a cylindrical molding, and while rotating, pressure is reduced
to remowe a solvent, thereby a layer comprisi hg the
fluorine—containing polymer is formed om an inner surface of
the cylindrical molding. A solution of a polymer containing
a dopant is then poured, and while rotating, pressure is reduced
to remove a solvent, thereby a layer comprising the copolymer
containing a dopant is formed on an dinner surface of the
fluorine—containing polymer layer. While increasing the
amount of the dopant add_ed, the same operation as above is
repeated to form plural layeré, therebby imparting GI type
refractiwe index distribution. This method is one embodiment
of the above method (2).

(ITI) A polymerizéble composition containing at least one
compound represented by the formula (3), at least one compound
represented by the formul a (4), other monomers if necessary,
and a dopant is poured in a cylindrical wessel such as a glass
tube, and while rotating, a solvent is remnoved to form & layer.
Using a polymerizable composition having di fferent
concentration of a dopant , this operation is repea‘ted- to form
plural layers having a dopant concentration succe ssively
 increasing toward the centter from the out ermost layer, thereby
producing a hollow preform (PF). Alternatively, usingat least
two kinds of at least one of the compourid represented by the

formula (3) and the compound represented by the formula (4),
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polymerization is conducted while rotating to form a layer.
Using a polymerizable composition having different
compositional ratio of monomers, this operation is repeated to
form plural 1l ayers having a <opolymerizati on ratio of a momomer
having high refractive index sucéessively increasing towar-d the
center from the outermost layer, thereby producing a hollow
preform (PF) .

Additionally, other additives can be added in a ran.ge of
not decreasing optical transmission performance. For exarnple,
a stabilizer can be added for the purpose of improving weather
resistance or durability. Further, a stimulated emission
function compound for lightt signal amplif ication can be added
for the purpose of improving optical transrnission performance.
By adding the above compourid, an attenuatted signal light can
be amplified by excited light, thereby transmission distance
is improved. Tlherefore, it can be used in, for example, a part
of a light txransmission link as a fiber amplifier. Thos e can
be contained by polymerizing after addimng the raw material
monomers. -

An optical fiber can be prepared by melt étretching the
preform. St retching is preferably conducted such that the
preform is passed through the inside of a heating furnace (for
example, a cylindrical heat ing furnace) or the like to heat and
melt the same, and is them continuously stretch-spun. The
heating temperature can app ropriately be determined depernding
on the propexrties or the like of the préfo rm, but is genexally -
preferably £rom 180 to 2 50°C. The stxetching conditions
(stretching temperature arad the like) can appropriately be
determined, considering a diameter of a preform obﬁained, a
diameter of & desired optical fiber, materials used, and the
like. 1In particular, a refractive index distribution type
optical fibe r has a structure such that tthe refractive DAndex
changes from a central direction of its cross section toward

the circumference thereof . Therefore, it 1is necessary to
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uniformly heat and stretch-—spin so as not to destroy this
distributiomn. Consequently, it is prefexable for heatimg the
preform to use, for example, a cylindrical heating furnac e that
can uniforml y heat the perform in the cross-sectional direction.
The heating furnace preferab 1y has temperature distribut ion in
a stretching axis direction. With narrowing themolten portion,
the shape of refractive index distributtion is difficult to
distort, and yield incxeases, which is prefexable.
Specifically, it is preferabble to conduct pre-heating and slow
cooling before and after the molten region such that a region
of the moltemn portion narrows. Further, & heat source that can
supply high coutput energyeven to a narrow rregion, such as' daser,
is more preferable as the heat source used in the molten region.

As described above, there is the case that a hollow
preform is obtained dependirmg on the production method ©f the
preform. Where such a hol low preform is stretched, it is
preferable to conduct the stretching und er reduced presssure.

The stretching is pi:eferably conducted using a
stretch-spinning apparatus having a self centering mechanism
maintaining a center position constant im order to maintain a
linear form and its roundness. By selecting the stretzching
conditions, orientation of the polymer of fiber can be
controlled, and mechanical properties (such as  bending
performance) , heat shrinkage and the like of fibers obttained
by drawing can be controlled. Tension at drawing can be 10 g
or more in order to orient a molten plastic as descriloed in
JP-A-T7-234322, or is preferably 100 g or less in order o not
retain strain after melt stretching as described in
JP-A-7-234324. Further, fox example, a method of conducting
a preheating step in stretching can be employed as described
in JP-A-8-106015. Fibers obtained by the above methods can
improve bending or lateral pressure characteristics of £ibers
by prescribing elongation at break or ha rdness of an el ement

wire obtained as described in JP-A-7-244220. Further, as
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described in JP-A-8-54521, a low refractive index l.ayer is
provided on the outer circuumference to furaction as a refflective
layer, thereby transmission performarmce can furitther be
improved. '

It is preferable that transmissiom loss of the optical
fiber of the invention is, for example, 150 dB/km at drying.

Further, it is preferable that l oss increase at wet
heating of the optical fiber of the invention is, for example,
15 dB/km or less under the conditions of 7/5°C and 80% humidity.

The optical fiber pxroduced by the above methods can be
applied to various uses as it is. Further, the optical fiber
can also be applied to various uses in am embodiment having a
covering layer on the outs ide, an embodiment of having a fiber
layer, and/or a state of buundling plural f£ibers. The covering
step, for example, comprises passing a&a fiber element wire
through facing dies havirmg holes passimg through the fiber
element wire, filling a covering molten resin between the dies,
and moving the fiber element wire between the dies, thereby
obtaining a covered fiber. It is desiralble that the covering
layer does not weld with the fiber element wire in order to
protect from stress to the inner fiber when bending. FE'urther,
in this case, because thermal damage i1is added to thhe fiber
element wire wheﬁ contacting with a mnolten resin, it is
desirabl e to select a resin that can bemelted at a moving speedﬂ
suppress ing the damage as possible, or low temperature. Inthis
case, thhickness of the covering layer depends on é melting
temperature of a covering material, a drawing speed of an
element wire and a cooling temperature o= the covering layer.
Besides, amethodof polyme rizingmonomers applied toan optical
member, a method o'f windimg a sheet, a method of insexrting an
optical member in a hollow tube extrusiom molded, and the like
are known.

An optical fiber cakle can be produced by covercing the

element wire. 1In such aca se, the covering embodiment i ncludes
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ann adhesion type covering in which the optical f£iber eleme nt
wire is contacted and covered with the covering material over
the entire circumference at the imterface, and a loose type
covering in which spaces are pr'e sent between the covering
material and the opttical fiber element wire. In the loose type
covering, for example, when the covering layer is peeled in
connecting portion with a connectox, there is the possibili ty
that moisture permeates from the space at the edge, and diffus es
in a longitudinal direction. Therefore, the adhesion type is
generally preferable. However, in the case of the loose type
covering, because the cover and the element wire axe not adher ed,
many of damages including stress or heat applied to a cable can
be relaxed by the covering mater ial layer, arad the dama ge
applied to the element wire can be reduced. Therefore, the
- loose type covering can preferably be used depending on t he
purpose of use. Regarding propagation of moisture, the
propagation of moi sture from the edge can be prevented by
filling gel-like semisolids or granular materials in the spaces,
and by additionally méking those semisolids or granul ar
materials have a function different from moisture propagati on
pxevention, such as heat .resistance, improvement in mechanical
performance, or the like, covering having high performance can
be formed. To produce the loose type covering, a space layer
can be formed by controlling the extrusion a nipple position
at a cross head die and adjusting & pressure reducing device.
Thickness of the space layer can lbe adjusted by thickness of
the nipple and by pressuring or piessure—reduc ing the space
layér.

If necessary, a further covering layer (secondary
covering layer) may be provided on the outer circumference of
the covering layer (primary covering layer). The secondary
covering layer may contain a flame retardant, an ultravicl et
absorber, an antiox idant, a radical trappingagent, a quencher,

a lubricant and the like. Those can also be introduced imto
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the primary cowvering iayer so long as moisture-pr-oof
performance is satisfied. The f1 ame retardant include a resin
or additive containing a halogen such as bromine, and a mater-ial
containing phosphor. Itisamain trend to add & metal hydroszide
as the flame retardant from the standpoint oFf safety such as
toxic gas reduction. The metal hydroxide has moisture as water
of crystallization in the inside thereof, and deposited water
in the course of production of the same cannot be removed
completely. Therefore, it is desirable that a flame retardant
covering by the metal hydroxide is provided a s an outer layer
cover (secondary covering layer) of themoistur e-proof covering
(primary covering layer) of the i nvention. Further, td impart
plural functions, a cover havimng various functions may be
laminated. For example, other t han the flame retardant as in
the invention, &a barrier layer for suppressing moistture
absorption of an element wire oxr a hygroscopic material for
removing moisture, such as a hydroscopic tape or a hygroscopic
"gel, can be provided in the covering layer or between the
covering layers, or a buffer layer such as a flexible matexial
layer or a foamed layer, for relaxing stress when bending, a
reinforcing layer for increasing rigidity, and the like cam be
selected and prov ided, dependixng“ on the purﬁose of use. VWhere
the thermoplastic resin contain s, other tham resins, a wire
material such as a fiber having hi.gh elastic modulus (so-called
high strength fiber) and/or amet-al wire havirmmg high rigid4dty,
and the like as a structural material, dynamic strength of a
cable obtained can be reinfo rcéd, which is preferakole.
Examples of the high strength =£iber include aramid fibers,
polyester fibers and polyamide £ibers. Examples of the metal
wire include stainless steel wires, zinc alloy wires and copper
wires. However, the inventionis not limited to those examp_les.
In addition, an outer sheath made of a metal pipe for cable
protection, a supporting wire foxr overhead calble construction,

and a mechanism for improving workability when wiring cam be
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incorporated.

The cable may have any desired shape, deperading on its
use embodiment. For example, &a bundle cable formed by
concentrically bundling element wi res, a tape cable formed by
aligning them in lines, a covered cable formed by covering them
withh a presser coat or a wrappimg sheath may Ye employed
depending on the use of the cable.

As compared with the converntional optical fiber, the
cable using the optical fiber of the invention has a broader
lat itude in axis shifting, and there fore, it may be butt-jointed.-
Pre ferably, however, an optical conmector for joint is disposed
at the end of the cable, and the cables are surely fiked and
connected wvia the optical connector therebet ween. The
connector canutil ize any known and commercially-available one,
such as PN connectors, SMA connéctors, SMI conniectors, FO05
connectors, MU connectors, FC conmectors and SC connectors.

The system for transmitting optical signal using the
opt dcal fiber of the invention is constituted of an optical
signal processor contaihing various optical meml>ers such as
light emitter, light receiver, light switch, optical isolator,
opt ical integrated circuit, and optical transmit;receive
module. In this case, the optical fiber of the imvention may
ble combined with ény other optical fibers, and any known
techniques relating to it may be employed. FFor example,
ref erence may be made to Base and Practice of Plastic Optical
Fibers (issued by NTS); and Nikkei Electronics 2001.12.3, pp.
110 —127 "Optical S tructure Mounted 6n Printed-Wirimg Board, Now
or Never". Combinied with various techniques disclosed in these
references, the invention may be favorably applied to
light-transmission systems suitabl e to short-range appliances
for high-speed large-capacity data communication and control
with no influence of electromagnet ic waves thereom, typically
for example, in-unit wiring for commputers and vardous digital

ins truments, in-unit wiring for vehicles and ships, -optical
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linking for optical termimnals to digital devices or digital
devices to each other, and indoor or in—area optical ILAN for
houses, apartments, factories, offices, hospitals, s chools.

Further, as combined with any of those described in IEICE
TRANS. ELECT'RON., Vol. E84 -C, No. 3, March 2001, pp. 3 39-344,
"High-Uniformity Star Coupler Usimng Diffused Light
Transmission", and Journa.l of Electroni c¢s Packaging Society,
Vol. 3, No. 6, 2000, pp. 476-480 "Interconnection by Optical
Sheet Bus Technique"; optical busses described in JP-A
10-123350, 2002-90571, 2001—290055; optical
branching/coupling devices described 1in JP-A 2001 -74971,
2000-3299%62, 2001-74966, 2001-74 968, 2001—318263,
2001-311840-~ optical sttar couplers described in JP-A
2000-2416557 optical signal transmission devices and optical
data bus systems described in JP-A 2002-62457, 2002—101044,
2001-305395>z optical signal processox described 3in JP-A
2002-23011; optical signal cross—-connect-ion systems described
in JP-A 2001 -86537; light transmission systems described in
JP-A 2002-2 6815; multi'—function systerns described in JP-A
2001-339554, 2001-339555; and also other various optical
waveguides, optical branching filters, optical conmectors,
optical couplers, optical (distribut‘ors, the invent ion may
construct higher—.level bptical transmission systems for
multi-transmit-receive communication. Apart from the
above-mentioned light—transmiséion applications , the
invention is also applical>le to any other fields of 1li ghting,
energy transmission, illamination; and sensors.
Examples

The invention is des cribed in more detail with reference
to the following Exampless, in which the material used, its
amount and ratio, the detai 1s of the treatment and the trreatment
process may be suitably modified or chamnged not overstepping
the sprit‘and the scope of the invention. Accordingly, the

invention should not be limitatively interpreted: by the
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Examp 1es mentioned below.
(Aver age molecular weight)

Average molecular weight of a copolymer was measured with
a gel permeation ch romatography (GPC) by dissolving a part of
a copolymer obtained in tetrahydr ofuran (THF). Number average
molecular weight (Mmn) of a copolymer in the invention is avalue
when a polystyrene was used as & standard substance.

An apparatus used was HIL.C-8220 (a product of Tosoh
Corpo ration), and & columns used was three columns of TSKgel
Super HZM-H (4.6mml . D. x 15 cm), TSKgel Super HZ4000 (4.6 menl.
D. x 15 cm) and TSKgel Super HzZ2000 (4.6 mml. D. x 15 cm) that
are connected. |

Sample concenmtration was 2 mass$%, inject amount was 10
ul, and flow rate was 0.35 ml/min. RI detecttor was used-
(Comp onent ratio)

Proportion (molar ratio) of each monomexr constituting a
copol ymer was determined by an integrated value of 'H-NIMR.
Aceton-d¢ or THF-dg was used in the NMR analy sis.

Glass transition temperéture (Tqg)

Measured by rising temperature at 10°C/min usihg a
diffe rential scanning calorimeter (part number: DSC 6200, a
product of Seiko Instruments Inc.)

. Tensi le test .

A 200 pum thick polymer filin was prepared from a powdery
polymer after repzrecipitation purification, wusing a high
tempe rature press mmachine, a £idm of 100 mm < 500 mm was cut
off therefrom, and this cut piece‘was used as a test piece.

Using this test piece, elastic modulus and tens ile
strength at break was measured at a tensile rate of 3 mm/min
and measurement temperature of 25°C with Tensilon univer sal
tester (part numbe r RTC-1210A, a product of Orientec Co. ).
(Refractive index) 4

Using a refractometer (DR—M2, a productt of ATAGO Co .),

refractive index of a film test pilece prepared above was
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measured at an observation wavelength of 589 nm and a
measurement temperature of 2 5°C.

Cured fi Ims were evaluated by the fol lowing evaluati on
methods. '

(Average reflectivity)

Using a spectrophotometer (a product of JASCO Co. ),
spectroscopic xreflectivity wa s measured in a wavelength regi_on
of from 380 to 780 nm at an incident angle of 5°. In Table 1
shown after, it was expressed as a mirror surface average
reflectivity of from 450 to 50 nm.

(Pencil hardne ss evaluation)

An antireflective film was moistened at a temperéture of
25°C and a humidity of 60%RH £or 2 hours, and pencil hardness
evaluation was conducted according to JIS K5400.

(Mar resistance test)

Film surface was rubbed with steel wool #0000 under a load
of 200 g 10 times, and level of mar generated was confirmed.
Judgment was according to the following criteria.

Entirely no mar .

Slight mar |

Remarkab le fine mar

x > O ©

Remarkab 1le mar
(Fingerprint adheéion evaluation)

It was ermployed as a measure of staining resistance of
surface. An optical material was moistened at a temperature
of 25°C and a humidity of 60%RH for 2 hours, fingerprints was
attached to a sample surface. The state when wiping off the
fingerprints with a cleandng cloth was observed, and
fingerprint adhesion was evaluated.

Fingerprint is completely wiped off : ©

Fingerprint remains slightly O

Fingerprint is not almost wiped off X
(White ha;e evaluation)

As ameasure of evaluatirag crude density of inorganic £i ne
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particles in a low refractive index layer, a sarnmple was placed
on a black paper, and was irradiated with diffusion while light
directly overhead at a distance of 50 cm. State of scatterinmg
uneveriness of the sample was observed, and the followimg
evaluation was made.

No unevenness and observed uniformly : O

Scattering unmevenness of white color is

observed on a part of sample : A

Scattering unevenness of white color is

observed on an entire surface of sample : X
[Monomer Synthesis Example 1] Swynthesis of (3 -1)

A solution  of 37.0 g  (0.370 mol) of
2,2,2—trifluorcethanol dissolved in 220 ml of et hyl acetate was
ice cooled, and while stirring, 28.3 g (0.185 mol) of fumarowyl
chloride was added dropwise to the solution whi le maintainimg
the imner temperature at 15°C or lower. Subseguently, 47.8 g
(0.370 mol) of ethyl diisopropylamine was added dropwise to the
solutdion while maintaining the inner temperature at 15°C or
lower . After compl etion of the dxropwise additién, the reaction
ligquid was poured in 400 ml of ice water, and 200 ml of ethyl
acetate was added thereto. The resulting solution was
transferred to a separatory fumnel and was separated. An
aqueous layer was femoved, and an organic phase was washed witth
water , and then washed with a saturated sodium chhloride aqueouis
solutdion. The solutionwas dried with anhydrous sodium sulfat-e,
and a solvent wasdistilled off under reduced pre ssure. A crude
product was purified with a silica gel chromatog raphy (hexane
ethyl acetate =20 =z 1) to obtain 46.3 g (72%) of a white solid
(3-1) . The solid had a melting point of 46°C.
ly-NMR (300 MHz, CDCls) data:
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o A
CIM—C‘ + CF3CH0H — __COLHLCE
i /
0] . F3CH,CO,C
Fumaroyl <chloride : 3—1

[Monomer Synthesis Example 2] Synthesis of (3-3)

0”7 0" o
CHs
Meleic anhydride 3-3A
cl
)
cocl
, -0 NH CHa
cl CFsCF,CH,O0H \__/ >—05C

CH,
OCH,CF,CF5
3—3
.Synthesi s of (3-3A)

98 g (1.00 mol) of maleic anhydride and 60.1 g (1.00 mol)
of isopropyl alcohoi were stirred umder nitrogen atmosphere at
a bath temperature of 1 10°C (inner temperature: 70 to 95°C) for
2 hours. A crude product was purifiedwithdistildation (4 mmHg,
115 to 11.9°C) to obtain 109 g (69%) of a colorless transparent
liquid (3-3A2). ‘

'H-NMR data:
8 1.34 (4, 6H), 5.19 (m, 1H), 6:41 (m, 2H)
Synthesi s of (3-3)

20 0 ml of THF solution of 50.0 g (0.316 mol) of (3-3A)

was ice cooled, and while stirring, 66.2 g (0.316 mol) of

2,6-dich lorobenzoyl <hloride was added dropwise while

maintaining an inner temperature at 10°C or ' lower.
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Subsequently, 32.0 g (0. 316 mol) of triethylamine was added
dropwise while maintaini ng the inner temperature at 10°C or
lower, followed by stirring at room temperature forl hour. THF
was distilled off under reduced pressure, and 150 ml of
dichloromethane was added, and then again ice cooled. 55 g
(0.37mol ) of 2,2,3,3,3-pentafluoropropanocl was added , and 37.6
g (0.37 mol) of triethylamine was added dropwi se while
maintaining the inner ternperatﬁre at 1 0°C or lower, followed
by stirring at room temperature for 1 hour. 150 ml of
dichloromethane and 0.5 liter of 2N HCl were added to the
reaction liquid to separate. An aqueous layer was removed, and
an organic phase was washed with a saturated sodium cﬁloride
aqueous solution two times. The solution was dried with
anhydrous sodium sulfate, and a solvent was distilled off under
reduced pressure. 1.1 g (0.013 mol) of morpholine was added
thereto, and stirred under nitrogen atmosphere for 1 .5 hours.
A crude product was purified with a sil ica gel chromatography
(hexane/ethyl acetate=1/30), and then distilled (71 to 75°C/3
mmHg) to obtain 46.8 g (51%) of a colorl ess transparent liquid
(3-3).

'H-NMR data:

) 1.31<(ci, 6H), 4.75 (t, 2H), 5.13 (m, 1H), 6.89 (m, Z2H)
[Monomer Synthesis Examp le 3] Synthesis of (3—8)

Fa .
+ OH —
Fa

Maleic anhydride Hexafluoroisopropyl

alcohol
F 3 —— CH20F3
H S
Fi Fs
F3
3—8A
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4.80 g (0.200 mol) of sodium hydride (a product of Al drich,
dry 95%) and 40 ml of dehydrated THF wexe placed in a 200 ml
three-necked flask (hereinafter, the. operation until the
completion of stirring at temperatﬁre foxr 1 hour was coraducted
undexr nitrogen atmosphere), and ice cooled. While sti rring,
60 m1l of dehydrated THF solution of 37.2 g (0.221 mol) of
hexafluoroisopropyl alcohol was added dropwise while
maintaining a liquid temperature at 15°C or lower, followed by
stirring at room temperature for 1 hour.

This mixture was added to 200 ml of an ice cooled THF
solution of 17.6 g (0.179 mol) of maleic anhydride while
stirring under nitrogen atmosphere and rmaintaining thé inner
temperature at 15°C or lower. After stirring at room
temperature for 2 hours, the solution was poured in an
ice—cooled 1IN hydrochloric acid, and extracted with diisopropyl
alcohol. An organic phase was washed with a saturated sodium
chloxride aqueous solution two times, and dried with anhydrous
sodium sulfate. A solwent was distill ed off under xreduced
pressure. A crude produ.ct was purified by recrystallization
in hexane to obtain 33.2 g (62%) of a while solid (3—8A).

A mixture of 20 g (0.075 mol) of (3-8A), 10.7 g (0.090
mol) of thionyl chloride and 0.2 ngf\dimethylformamide (DMF)
was stirred at 80°C for 2 hour. After ice-cooling the reaction
ligquid, 120 ml of acetonitrile and 7 .52 g (0.075 ml) of
trif luoroethanol were added, and while maintaining the inner
temperatire at 15°C or lower, 7.60g (0.075 mol) of triethylamine
was added dropwise, fol lowed by stirring at room temperature
for 1 hour. Ethyl acetate and diluted hydrochloric acid were
added to the reaction 1liquid to separate. An organic ph ase was
washed with a saturated sodium chloride aqueous solution two
times. The solution was dried with anhydrous sodium sulfate,
and & solvent was distilled off under reduced pressure. A crude
product was purified with a silica gel chromatography

(AcOEt/Hexane=1/30), and then distilled under reduced pxessure
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(52°C/ 3 mmHg) to obtain 12.4 g (47%) of a colorless transparent
liquid (3-8).
'H-NMR data of (3-8) (300 MHz, CDCl;):.
§ 4.63 (g, 2H), 5.74 (m, 1H), 7.08 (m, 2H)
[BExample 1-1] Synthesis of Copolymer P—1-1
Synthesis was conducted using (3-1) and isopropenyl acetate
(4-1) <

(3-1) used was one synthesized by the above Monomer
Synthesis Example. (4—1) used was one obtained by distdlling
a commercially availabl e reagent, a product of Tokyo Kasei Kogyo
Co. Dimethyl 2,2-azobis(2-methylpropionate) used was a
commexrcially available reagent, a product of Wako Pure Chemical
Industries, Ltd. '

4.42 g (15.8 mmol ) of (3-1) was placed in a 20 ml ~wolume

test ttube, and heated to 50°C to melt. 1.58 g (15.8 mme>l) of
(4-1) and 14.6 mg (0.064 mrmol) of dimethyl
2,2-azobis (2-methylpropionate) wére added to the test tube,
followed by light shaking formixing. After argon substitution,
the te st tube was sealed.with a silicone plug, and was allowed
to stand at 65°C for 24 hours to conduct polymerization . Thé
test tube was broken to obtain a rod-shaped polymer therefrom.
| The polymer was dissolwed in THF, and the resulting sol ution
was poured in mefhénol to conduct repre cipitation. A powder
obtained was again dissolved in THF, and the resulting sol ution
was poured in methanol to again conduct reprecipitation,

followed by drying under reduced pressure, thereby obtaiining
4.33 g (72%) of a while powder. Compositional ratio (molar
ratio) calculated from the integration va lue of H-NMR was (3-1)

45% annd (4-1) 55%. Molecular weight was measured withh GPC.
Number average molecular weight was 177, 000, and mass average
molecular weight was 352,000.

This copolymer had Tg of 94°C, and a refractive index of

1.414.

This copolymer was dissolved in THF, and the resualting
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solution was applied to a slide glass. The resulting coating
was heated to evaporate THF. A film thus obtained was
completely transparent. Strength of a.fi lm prepared using a
high temperature press machine was measured with Tensilon . As
a result, the copolymer had elastic modulus of 1,650 MPa , and
tensile strength of 34.7 MPa. Further, the copolymer had low
hygroscopic property sufficient to use as an optical mernber.
[Example 1-2] Synthesis of Copolymer P-1 -2

Synthesis was conducted by using (3-2) as a monomer in
place of (3-1).

Monomer (3-2) was synthesized in the same manner as (3-1)
of Monomer Synthesis Example 1. |

Polymerization was conducted in the same manner &s in
Example 1-1, except for using (3-2) in an equimolar amount in
place of (3—1). Reprecipitation operation was conducted two
times in the same manner as in Example 1—1 to obtain a while
powder in a yield 63%. Compositional ratio (molar ratio)
calculated £rom the integration value of 1H-NMR was (3=2 ) 42%
and (4-1) 58 %. Moleculaf weight was measured with GPC. Nwumber
average molecular weight was 205,000, and mass average
molecular weight was 354, 000. ]

This <opolymer had T'g of 104°C, and a refractive -dndex
of 1.417.

This <opolymer was dissolved in THE', and the resulting
solution was applied to a slide glass. Thie resulting coating
was heated to evaporate THE. A film thus obtained was
completely transparent. Strength of a fi Ilm prepared using a
high temperature press machhine was measured with Tensilon . As
a result, the copolymer had elastic modulwus of 1,710 MPa , and
tensile strength of 37.3 MPa.

[Example 1-3] Synthesis of Copolymer P-1-5

Synthesis was conducted in the same mnanner as in Example

1-1, except fdr using (3-8) in an amount equimolar with (3-1)

in place ocf (3-1). Monomer (3-8) used was one obtained by the
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method des cribed in Monomer Synthesis Example 2.
Reprecipitat ion operation was conducted two times in the same
manner as in Example 1-1 to obtain a while powder in a yield
63%. Compositional ratio (molarA ratio) calculated from the
integration value of 'H-NMR was (3-8) 44% and (4-1) 56%.
Molecular weight was measured with GPC. Number awerage
molecular weight was 115,000, and mass averrage molecular weight
was 234,000.

This copolymer had Tg of 104°C, and a refractive index
of 1.377.

This copolymer was di ssolved in TH¥, and the resulting
solution was applied to a sdlide glass. The resulting .coating
was heated to evaporate 'THF. A film thus obtained was
completely t ransparent. Strength of a film prepared using a
high temperature press machine was measured with Tensilon. As
a result, the copolymer had elastic modulus of 1,200 MPa, and
tensile strength of 29.0 MPa.

[Comparative Example 1-1]

Synthesis of Copolymer R-1 of Dicyclohexy 1l fumarate and (4-1)

T CH
. .
O~y =
o o—< ,
0 Q
Dicyclohexy 1 fumarate 4-1
0Oz : CHa
_CH .
CH CHzf

| ,
OZC\O x OCOCH; /'y
' R-1
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Dicyclohexy 1 fumarate wa s synthesized in the same mamnner
as in (3-1) of Monomer Synthesis Example 1.

Polymerizat ion was conducted in the same manner as in
Example 1-1, except forusingdi cyciohexyl fumarate in an amount
equimolar with (3—1). Reprecipyitation operattion was conducted
two times in the same manner as in Example 1-1 to obtaina while
powder in a yield 68%. Molecul ar weight was measured with GPC.
Number average molecular weighﬁ was 102,000, and mass ave rage
mol ecular weight was 290,000.

This copolymer had Tg of 143°C.

Strengthof a filmprepared using a high temperature p ress
machine was measured with Tensi lon. As a result, the coﬁvol ymer
had elastic modulwus of 1,220 MPa, and tensile strength of 10.5
MPa .

[Comparative Example 1-2]

Synthesis of Copolymer R-1 of (3-2) and Virayl Acetate

CF3

co = |
F30>_020 /—_:/ 2_<CF3 . —\O __<ZH3 -—

F3C
3-2 Vinyl acetate
- CF3
67 ~cr, ,
, Cﬁ/CH CHZ/(IBH
‘ 0=C.__CF; X OCOCH; y
CI}H

Polymerizat-ion was conducted in the same manner as in
Example 1-1, except for using ( 3-2) in an amount equimolar with
(3—1) inplaceof (3-1), andvinyl acetate in am amount equimolar
with (4-1) in place of (4-1). Vinyl acetate was used by

distilling a commercially avai lable reagent, a product of Wako
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Pure Chemical Industries, Ltd.

Reprecipitation opexration was coraducted two times in the
same manner as in Example 1 —1 to obtain a while powder An a yield
70%. Molecular weight was measured witth GPC. NumbeT average
molecular weight was 53,00 0, and mass awverage molecul ar weight
was 346,000. It was seenthat themolecular weightdistribution
is wide as compared with P-1-1.

This <opolymer had Tg of 65°C.

Strength of a filmpr epared using & high temperature press
machine was measured with Tensilon. As a result, the <opolymer
had elastic modulus of 1,2 80 MPa, and tensile strengtth Qf 16.9
MPa.

Measuxement results relating to polymers synthesized in
Examples 1-1 to 1-3 and Comparative Examples 1 and 2 are shown
in Table 1.

It is apparent that the polynier of the invemmtion has
narrowmolecular weightdistribution (Mw/Mn is about 2 or less),
high Tg (90°C or higher), and excellent mechanical properties,

particularly tensile strength.
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Table 1
Elastic| Tensile
Po 1y- Tg
Mw Mn Mw /Mn modulus | strength
mer . (o C) }
(MPa) (MPa)
Example
1-1 p-1-1{352,000{177,000] 2.0 54 1,650 34.7
Example
1o p-1-2 |354,000(205,000| 1.7 104 { 1,710 37.3
Example
1-3 P—1-5|234,000(115,000} 2.0 104 | 1,200 29.0
Comp.
Example| R-1 290,000({102,000| 2.8 143 | 1,220 10.5
1 ’ -
Comp .
Example| R-2 346,000 53,000 6.5 ©b 1,280 16.9
2

Comp. Example: Comparative Example

Mw and Mn were rounded to the nearest thousand.

[Example 2— 1] . _
Synthesis of Fluorine-containing Copol ymer P-2-22 Having
Hydroxyl Group at Side Chain |
41.6 g (100 mmol) of (3-2), 9.0 g‘ (90 mmol) of (4-1),. 0.88
g (10 mmol) of (C-3), 2.0 g of an a=zo group-comtaining
polydimethy lsiloxane polymmerization ini tiator VPS 1001 (a
product of Wako Pure Chemical Industries, I.td.) and 0. 092 g (0.4
mmol) of dimethyl 2,2’-az obis(2-methylp ropionate), V601 (a
product of Wako Pure Chemical Industries, Ltd.) were‘p laced in
a 300 ml volume flask, and 50 g of methyl etthyl ketone was added

thereto. After substituting with argon, solution

polymerization was conducted at 65°C £or 24 hours. The
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copolymer solution obtained was directly poured in hexane, and
reprecipit ation purification was conducted two times to obttain
39.1 g of a fluorine-containing copolymexr. The copolymer
obtained had Tg of 102°C, a weight a.verage mol ecular weight (Mw)
of 58,000 and a refractive index of 1.385.

[Example 2 —-2]

Synthesis of Fluorine-containing Copolymer P-2-24 Hawing
Hydroxyl Group at Side Chain

Example 2-1 was followed, except for changing (3-2) to
(3-1) in an amount equimolar with (3-2), to obtain 30.2 g of
a copolymer as a while powder. The copolymer obtained.had Tg
of 94°C, a weight average molecular weight (Mw) of 66,000 and
a refractive index of 1.416.

[Example 2 -3]
Preparation of Cured Film

1.5 g of a methoxylated methylmelamine, SYMEL 303, a
product of Mitsui Cytec Co., as a curing agemt was added to 100
g of MEK solution of 10 mass$% of (P-2-22) olbtained in Exammple
2-1, and heat reaction treatment was conducted at 70°C for 5
hours. 0.1 g of p-tolynenesulfonic acid as a curing catalyst
was added to the reaction mixture to prepare a low refractive
index layer forming composition.

This low refractive index layer formimng composition was
dilutedto a solid content of 6 mass%, and the resulting solution
was appiied to a substrate comprising a support (TAC, a product
of Fuji Photo Film Co.) havimng formed thereom a hard coat layer
(refractive index: 1.53) using a wire bar coater (#3). The
resulting coating was heated at 120°C for &0 minutes to F£orm
a cured film of 100 nm. The evaluation results are showm in
Table 2.

[Example 2-4]
Preparation of Cured Film
A cured film was formed in the same manner as in Exarnple

2-3, except for changing (P-2-22) to the same amount of (P-2—24).
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The evaluation results are shown in Table 1.
[Comparative Exarmple 2-1]

A low refractive index layer forming compo sition was
prepared in the same manner as in Example 2-3 de scribed in
JP-A-11-228631, and using this composition, a cured film was
formed in the same manner as in Example 2-3. The evaluation
results are showmn in Table 2.

[Example 2-5]
Fluorine-Containing Copolymer Having Methacryloyl Group at
Side Chain

20 g of the copolymer (P-2-22) obtained in Example 2-1
was dissolved in 100 ml of N,N-diemthyl acetamine, and after
adding dropwise 5.0 g of methacryloyl chloride (a product of
Wako Pure Chemical Indsutries, ILtd.) under ice cooling, the
resulting mixture was stirredat room temperature for 10 hours.
" The mixture was extracted with ethyl acetate, and an organic
phase was washed with water, and concentrated. Hexame was added
for reprecipitation. The precipitate was further dissolved in
THF, and reprecipitated With hexane, thereby obtaiming 13 g of
a fluorine-containing copolymer as a while powder. The
copolymer had a weight average mo lecular weight (Mw) of 64,000,
and a refractive index of 1.392.

[Example 2-6]
Fluorine-Containing Copolymer Having Methacryloyl Group at
Side Chain

A fluorine —containing copolymer was synthes ized in the
same manner as in Example 2-5, except for changing (P-2-22) to
the same weight of (P-2-24), thereby obtaining 13 g of a
copolymer (while powder). The copolymer had a wei ght average
molecular weightt (Mw) of 61,000, and a refractiwve index of
1.421.

[Example 2-7]

0.5 g of Irgacure 907 (a product of Ciba Giegy) as a

photopolymerization initiator was added to 100 gof MEK solution
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of 10 mass% of the copolymer obtained in Example 2-5 to obtain
a low refractive index layer forming composition.

This low refractive index layer forming compositdion was
diluted to a solid content of 6 mass$ , and applied to a sulostrate
comprising TAC having formed thereon a hard coat layer
(refractive index: 1.53) havinga thickness of 5 ymusing a wire

bar coater (#3), followed by drying at 80°C for 1 minute. The

resulting coating f£ilm was irradiated with ultraviolet rays
under nitrogen atmo sphere to form a cured £ilm. The evaluation
results are shown in Table 2.

[Example 2-8] 4

A cured film was formed in the same manner as in Example
2—7, except for changing the copolymer used to the copolymer
obtained in Example 2-6. The evaluation results are shown in
Table 1.

[Comparative Example 2-2]

A low refractive index layer forming composition was
prepared in the same manner as in Reference Example 11 described
in Patent No. 3498381, aﬁd using the composition, a cured film
was formed in the same manner as in Esxtample 2-7. The evaluation

results are shown in Table 2.
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Table 2
Refrac —
tive
index |Average Finger-
Anti- Pencil Mar .
of low |Refrac- primt |[White
reflective hard- | resis-
refrac- tive adhe- haze
film nes s tance
tive index sion
index
layer
Example 2-3| 1.398 1.68 4H O © O
Example 2-4 1.431 2.25 41 © © O
Comparative
1.430 2.39 38 X © O
Example 2-1
Example 2-7| 1.402 1.83 38 O © O
Example 2-8| 1.430 2.30 H @) o @)
Comparative
‘ 1.400 1.69 H < &) O
Example 2-2

[Example 3-1]

Productibn Example of Optical Fiber (S-1) by Intexrfacial Gel
Polymerization Usimg Polymer (P-1-—4)
A hollow tube (one end was sealed with the same resin)
having a thickness of 1 mm, an inner diameter of 22 mm and a
length of 30 cm made of a polyvinylidene fluoride resin
(refractive index: 1..38), previously preparedbymel t extrusion

fnolding was inserted in a stainless steel pipe, and was set to

a rotation polymerization apparatus. Mo isture, a
polymerization inhibitor, (3-3) from which dusts were
sufFiciently removed, the equimolar (4-1), and 0.24% (weight
ratio to the sum of monomers) of dimethyl

2,27 —azobisisobutyxate as a polymerization initiator were

poured in the tube, and after substituting with nitrogen, the
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tube was 1n a sealed state. While rotating the pipe,
polymeri=zation was conducted at 65°C for 3 hours, 70°C for 2
hours, and 90°C for 12 hours, to prepare an outer core portion
(corresponding to an outermost layer) having a thickness of 4
mm.

Polymerization ©f an inner core portion was conducted as
follows. The hollow tube having the outer core portion prepared
was vert ically placed in a pressure polymerization vessel
heated t o 80°C. (3-3) and (4-1) in equimolar amounts, and
bromoben zene as a doptant were added so as to be ara amount of
5% to the total weight of the monomers. 0.3% (weight ratio to
the sum of the monomers) of di-tert-butyl peroxide as a
polymeri zation initiator was added, followed by sufficient
deaeration. The polymerizable composition heated to 80°C was
gently added to a hollow portion of the hollow tube. After
substituting the inside of the pressure polymerization vessel
with a nj_trdgen atmosphere, pressure was appliedup to 0.2 MPa,
and heat polymerizati on was conducted at 100°C for- 48 hours.
Whilemadintaining the préssured state, heat polymerdzation and
heat treatment were conducted at 140°C for 24 hours to obtain
a preform.

The preform obtained above was melt stretched. The
preform was inserted in a heating furnace controlled to 200 to
240°C vertically downwardly. Stretching rate was controlled
accordiﬂg to a diameter of a fiber measured through a fiber
diameter measurement cdevice so as to e the desired fiber outer
diameter (300 um). The fiber was primarily covered with a low
density polyethylene, and then secondarily covexred with a
covering material comprising magnesium hydroxide kmeaded with
a nitrile butadiene =rubber and a polyethylene. Réfractive
index in the sectional direction of the optical fiker preform
was that a clad portion is 1.380 beimng constant, an outer core
portion is 1.417 being. constant, and an inner core portion is

from 1.417 to 1.426 (central portiom). The refractive index
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distribution of the inne r core portiom drew an upwardly convex
parabola.

Tramsmission loss of the covered fiber obtained, and loss
increase before and after placirig the covered fiber in an
atmosphere at 75°C and 80% relative humidity for 240 hours are
shown in Table 3.

[Example 3-2]
Production Example of Optical Fiber (S-2) Using (P-1-5)

A covered fiber was prepared in the same mamnner as in
Example 3—1, except for changing the monomer used from (3-3)
to (3-8). Refractive imdex in the sectional directtion of the
optical fiber preform was that a clad portion is 1 .386 being
constant, an outer core portion is 1 .390 being constant, and
an inner core portionis from 1.390 to 1.401 (central portion).
The refractive index disttribution of t he inner core portion drew
an upwardly convex parabola.

Transmission loss of the covered fiber obtained, and loss
increase before and after placing the covered fiber in an
atmosphere at 75°C and 8 0% relative humidity for 240 hours are
shown in Table 3. The evaluation results are summarized in
Table 3.

[Comparat dive Example 3—-1]
Production Example of Optical Fiber (R-1) Using Polymethyl
Methacrylate (PMMA) ‘

A covered fiber was prepared din the same manner as in
Example 3—1, except for changing the monomer used to MMA (methyl
methacrylate) and changing the dopant from bromobenzene to
diphneyl sulfide (5% in weight ratio to MMA). The evaluation

results are summarized in Table.3.
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Table 3
Trans- Loss
- missiom increase
Mon omer Polyrner loss atc value at
drying moist-heat
(dB/km)> (dB/ km)
Example 3-1 | (3-3), (4-1) p-1—4 130 15
Examplde 3-2 | (3-8), (4-1) P-1—5 110 12
Compaxative Metzhyl
PMMA 200 20
Example 3-1 |methacrylate

Transmission loss amd loss increase value: 650 mm light source

INDUST RIAL APPLICARILITY OF THE INVENTION

T he copolymer o f the inventiom has excellent transparency,
has low hygroscopic property originated from fluorine atom,
mainta in heat resistance due to 1,2—diester‘ structure, and
gives good mechanical strength.

The copolymexr of the invention and the curing resim
compos ition contaiming the copolymer forms a good cured film
having a sufficient low reflectiwity, and the cured film has
low refractive index and has .excellent mar resistance .
Therefore, the copollymer of the imvention and the curing resinm
composition contadining the copolymer can particularly
advantageously be used for the fo rrﬁation of opizical materials
such a&as an antireflective film and an optical fiber clad
material. Further, utilizinghigh fluorine content, those cam
suital>ly be used as paint materials to a substtrate requiring
weather resistance, weather-resistant filmmaterials, coating
materials, and the 1. ike. Further, the cured fil m has excellen®T
adhesion to a substrate, in addition to low refractive index=x

and excellent mar resistance, amd gives good antireflective
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effect. Therefore, such a cured film is particularly useful
as an antireflective film, and by applying thhe film to vari.ous
displays, its visibility can be improved.

Additionall y, the optical Waveguide of the invention,
particularly optdical fibers (POF), is flexible and has low
transmission loss by using, as its raw material, a polymer
having good low hygroscopic property (moist-ure resistance),
heat resistance {(laigh Tg), mechanical strength (elasticmodulus
and tensile stremagth) and transparency, and capable of being

easily produced.
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CLAIMS
1. A copolymer contadining a repeating unit repxesented
by the following formula (1), and at lea st one of a repeating
unit represented by the following formula (2-1) and a repeating
unit represented by the following formuala (2-2):

Formula (1)

FQQRQ
(?’:H—GH
R'O.C

wherein R' and R? represent an alkyl group or an aryl group,
provided that at least one of R! and R? comtains a fluorine atom
and R! and R? are not am alkyl group containing a group
represented by —(CXz),-X in which X is a halogen atom and n is
an integér of 7 or more,

Formula (2- i)

wherein R® represents an al kyl group, an aryl group, an alkoxy
group or an amino group, and R? represents an alkyl group,

Formula (2-2)

R5
I
Si—O
6
wherein R’ and R® each repre sent a hydrogen atom, an alkyl group
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or an aryl group.

2. The copolymer according to claim 1, containing the
repeating unit repre sented by the formula (1) wherein at least
one of R! and R? is an alkyl group having from 2 to 6 carbon
atoms and a fluorine atom, or anaryl group contaiminga fluorine
atom, and the repeating unit represented by the formula (2-1) .

3. The copolymer according to claim 1, containing the
repeating unit repre sented by the £ormula (1) wherein at least
one of R! and R? is an alkyl group having from 2 to 6 carbon
atoms and a fluorine atom, and the repeating undit represented
by the formula (2-1). .

4. The copolymer according to claim 2 or 3, wherein rR3
and R® in the formula (2-1) are a methyl group .

5. The copolymer according o any one of claims 1 to 4,
containing the repeating unit repxresented by the formula (1)
and the repeating unit represented by the formula (2-1) in an
amount of 30 mol% oxr more, respectively.

6. The copolymer according to claim 1, containing the
repeating unit repre Sentéd by the f ormula (1) and the repeating
unit represented by the formula ( 2-2).

7. The copolyrner according to claim 1, <ontaining the
repeating unit represented by the formula (1), the repeatimg
unit represented by the formula (2-1) and the xepeating unit
represented by the formula (2-2).

8. The copolymer according to claim 7, conttaining 20 mo 1%
or more of the repeating unit repr esented by the formula (1),
0.05 mol% or more of the repeatimg unit represented by the
formula (2-2), and 20 mol% or more of the repeating unit
represented by the formula (2-1).

9. The copolymer according tto any one of claims 6 to 8,
wherein at least one of R and R? in the formula (1) is an alkvyl
group having from 2 to 6 carbon at oms and a fluorine atom, or
an aryl group containing a fluori ne atom.

10. The copolymer according to any one of claims 7 to 9,
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wherein R> and R* in the Fformula (2-1) are a methyl group.

11. The copolymer according to any one of claims 1 to 10,
having a number average molecular weight (Mn) of from 1,000 to
1,000,000 - '

12. The copolymer according to ansy one of claims 1 to 11,
having a weight average molecular weight (Mw) of from 2,000 to
1,000,000 .

13. The copolymer accordihg to any one of claims 1 to 12,
having Mw/Mn of 2 or less .

14. A polymerizable composition containing a compound
represented by the followding formula ( 3) and at leasst one of
a compound represented by the followdng formula (4). and a
polysiloxane-containing compound:

Formula (3)

R'0,C —CH=CH-CO,R?
wherein R and R? represent an alkyl gxoup or an aryl group,
provided that at least one of R and R* contains a fluo rine atom
and R! and R? are not am alkyl group containing a group
represented by —(CXz)n—X. i which X is & halogen atom and n is
an integex of 7 or more,

Formula (4)

wherein R® represents an alkyl group, am aryl group, an alkoxy
group or an amino group, and R* represents an alkyl group.
15. The polymerizabl e compositiora according to claim 14,
containing the compound represented by the formula (3°7) wherein
at least one of R! and R* is an alkyl group having £from 2 to
6 carbon atoms and a fluorine atom, or amn aryl group containing
a fluorine atom, and the <ompound represented by the formula

(4) .
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16. The polymerizable composition according to claimm 14,
containing the comp ound represented by the formula (3) wherein
at least one of R' and R? is an alkyl group having from 2 to
6 carbon atoms and a fluorine atom, and the compound represented
by the formula (4) .

17. The polymerizable compositi on according to cladm 15
oxr 16, containing the compound represented by the formula (4)
wherein R® and R* i s a methyl group.

18. The polymerizabi_e composition according to claimm 14,
containing the compound represented by the formula (3), and the
polysiloxane-containing compound. .

19. The polymerizable composition according to claimm 14,
containing the compound represented by the formula (3), the
compound represennted by the formula (4), and the
polysiloxane—containing compound.

20. The polymerizable composition according to cladm 18
or 19, wherein at l east one of R! and R? in the formula (3) is
an‘ alkyl group having from 2 to 6 carbon atoms and a fluorine
atom, or an aryl gxroup 'containing a fluorine atom.

21. The polymerizable compoéitj_on according to cladm 19
or 20, containing the compound repres ented by the formula (4)
wherein R?® and R* j_n the formula (4) are a methyl cjroup .

22. The polymerizable compositdion according to any one
of claims 14 to 21, which is a curing polymerizable composittion.

23. A curing resin composition containing the copoldymer
according to any ome of claims 1 to 13, and a solvent.

24. A curing resin composition containing the copoldymer
according to any one of claims 6 to 10, and a solvent.
| 25. A cured £ilm made from the curing resin composition
according to claims 23 or 24.

26. An antireflective film havimng a low refractive dndex
layer comprising & cured film made from the curing xesin
composition according to claim 23 or 24.

27. Apolarizing plate havinga polarizer and a protective
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film provided on at least one side of the polarizer, the
protective film leing the antire flective film according to
claim 26.

28. An image display havihg the antirefl ective film
according to claim 26.

29. An optical wavegulde containing the copolymer
according to any one of claims 1 to 13.

30. An optical waveguide containing a repeating unit
represented by the following formuala (1), and a reppeating unit
represented by the following formula (2-1):

Formula (1)

COaR?
~CH—CH

R1C32€§

wherein R! and R? represent. an‘.alkyl‘ group or an aryl group,
provided that at lLeast one of R and R? contains a f luorine atom
and R' and R?> are not an alkyl group containing a group
represented by —(CXz)n—X. in which X is a halogen atom and n is
ann integer of 7 or more,
Formula (2-1)
R4
CHz—g/
' 0

hig

O

wherein R?® represents an alkyl group, an aryl group, an alkoxy
group or an amino group, and R* represents an al kyl group.
31. The optical waveguide ac<cording to claims 29 or 30,
which is an optical fiber.
32. A method of producinmg a copolymer, including
polymerizing a compound represented by the following formula
(3), and at least one of a compound representedby the following

formula (4) and & polysiloxane-containing compouand: -
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Formula (3)

R'0,C-CH=CH-CO,R?
wherein R' and R? represent an alkyl group or an aryl group,
provided that at least one of R! and R? contaiins a fluorine atom
and R' and R? are not an alkyl group containing a group
represented by —(CXz)p~X in which X is a ha logen atom and n is
an integer of 7 or more,

Formula (4)

wherein R® represents an alkvyl group, an aryl group, an al koxy
group or an amino group, ard R* represent s an alkyl group.

33. The method of producing a copolymer according to claim
32, including polymerizing the compound represented by the
formula (3) wherein at least one of R* and R? is an alkyl group
having from 2 to 6 carboﬁ atoms and a fluorine atom, or an aryl
group containing a fluorine atom, and the c ompound represented
by the formula (4).

34. The method of producing a copolymer according to claim
32, including polymerizing the compound represented by the
formula (3) and the polysiloxane-containing compound.

35. The method of prodacing a copolymer according to <laim
32, including polymerizing the compound represented by the
formula (3), the compound represented by the formula (4> and

the polysiloxane-containing compound.
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