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DESCRIPTION
METHACRYLATE RESIN COMPOSITION AND MOLDED ARTICLE

Technical Field
[0001]

The present invention relates to a methacrylate resin composition. More specificaly,
the present invention relates to a methacrylate resin composition containing methacrylate resin
and phenoxy resin.  Further, the present invention relates to a molded article consisting of the

methacrylate resin composition.

Background Art
[0002]

Various types of resin films are used for liquid crystal display devices. For one of such
films, namely, a polarizer protective film, triacetylcellulose is mainly used. Because a film
made of triacetylcellulose has high moisture permeability, the quality of the polarizer tends to
decrease as the film gets thinner. To achieve a thinner liquid crysta display device,
improvement of the polarizer protective film is an issue to be addressed.

[0003]

Use of a methacrylate resin as a new materia of the polarizer protective film is under
review. It is known that toughness is enhanced by stretching a film made of a methacrylate
resin (see Patent Literature 1). However, stretching a typical methacrylate resin film results in
an increase in a phase difference, which causes degradation of screen quality in an IPS liquid
crystal display.

[0004]

One known method to reduce a phase difference in methacrylate resin is using a
composition of a methacrylate resin and a polycarbonate resin (Patent Literature 2). However,
the composition of a methacrylate resin and a polycarbonate resin has a problem that necessary
adhesive strength is not obtained when it isformed into afilm.

[0005]

Another method is adding a resin such as a phenoxy resin to a modified methacrylate
resin, thereby obtaining a film with small phase differences (Patent Literature 3to 5). However,
because the modified methacrylate resin that is used in those methods is copolymerized with an

aromatic vinyl monomer or an imide monomer in order to improve heat resistance, there is a
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problem that strength is low, and a film made of this material is subject to cracking.

Citation List
Patent Literature

[0006]
PTL1: Japanese Examined Patent Publication No. S57-32942
PTL2: Japanese Unexamined Patent Application Publication No. 2014-051649
PTL3: International Patent Publication No. 2009/088240 (Japanese Patent No. 5220129)
PTL4: International Patent Publication No. 2009/088237 (Japanese Patent No. 5312479)
PTL5: International Patent Publication No. 2009/134097 (Japanese Patent No. 5335070)

Summary of Invention
Technical Problem
[0007]
An object of the present invention is to provide a methacrylate resin composition having
high transparency and high heat resistance, and capable of having small phase differences in the

film thickness direction even when a film obtained therefrom is stretched.

Solution to Problem
[0008]

As aresult of intensive studies, the present invention that includes the following aspects
has been accomplished to solve the above problems.
[0009]

[1] A methacrylate resin composition containing a methacrylate resin with a triad
syndiotacticity (rr) of equal to or more than 58% and a phenoxy resin, wherein

content of the phenoxy resin per 100 parts by mass of the methacrylate resin isin a
range of 0.1 to 8 parts by mass, and total content of the methacrylate resin and the phenoxy resin
isequal to or more than 80 mass.

[0010]

[2] The methacrylate resin composition according to [1], wherein in the methacrylate
resin, content of at least one structural units selected from a group consisting of lactone ring unit,
maleic anhydride unit, glutaric acid anhydride unit, glutarimide unit, N-substituted maleimide
unit, and tetrahydropyran ring structure unit is equal to or less than 0.1 mass%.

[0011]
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[3] The methacrylate resin composition according to [1] or [2], wherein

the methacrylate resin has a weight-average molecular weight of 60000 to 200000, and
content of structural units originating from methyl methacrylate is equal to or more than 92
masso.

[4] The methacrylate resin composition according to any one of [1] to [3], further
containing a polycarbonate resin, wherein

content of the polycarbonate resin per 100 parts by mass of the methacrylateresinisin a
range of 0.1 to 8 parts by mass.

[5] The methacrylate resin composition according to any one of [1] to [4], wherein

in the methacrylate resin, content of structural units originating from methyl
methacrylate is equal to or more than 99 mass%.

[6] The methacrylate resin composition according to any one of [1] to [5], wherein

anumber-average molecular weight of the phenoxy resin is 10000 to 50000.

[7] The methacrylate resin composition according to any one of [1] to [6], wherein

aweight-average molecular weight of the polycarbonate resin is 15000 to 28000.
[0012]

[8] A molded article consisting of the methacrylate resin composition according to any
oneof [1] to[7].

[9] A film consisting of the methacrylate resin composition according to any one of [1]
to[7].

[10] The film according to [9], wherein a thickness is 10 to 50 pm.
[0013]

[11] The film according to [9] or [10], wherein the film is uniaxially stretched or
biaxially stretched to 1.5 to 8 timesin arearatio.

[12] A polarizer protective film or a phase difference film consisting of the film
according to any one of [9] to [11].

[13] A polarizing plate wherein at least one of the polarizer protective film or the phase

difference film according to [12] is laminated.

Advantageous Effects of I nvention
[0014]

A methacrylate resin composition according to the present invention has high
transparency and high heat resistance. Further, when a film obtained therefrom is stretched,

phase differences in the film thickness direction are small. Suitably, a film with a low heat
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shrinkage rate, high strength in spite of being thin and good adhesive properties is obtained from

the methacrylate resin composition according to the present invention.

Brief Description of Drawings
[0015]

Fig. 1 is a view showing an example of a polarizing plate according to a preferred
embodiment of the present invention.

Fig. 2 isaview showing an example of a polarizing plate according to another preferred

embodiment of the present invention.

Description of Embodiments
[0016]

A methacrylate resin composition according to the present invention contains
methacrylate resin (A) and phenoxy resin (B)

[0017]

In the methacrylate resin (A) that is used in the present invention, the lower limit of
triad syndiotacticity (rr) is 58%, preferably 59%, more preferably 60%, still more preferably
61%, and most preferably 62%. In the methacrylate resin (A), the upper limit of triad
syndiotacticity (rr) is preferably 99%, more preferably 85%, further preferably 77%, still more
preferably 72%, yet more preferably 66%, and most preferably 65% in terms of film formability
and surface smoothness of afilm to be obtained.

[0018]

The triad syndiotacticity (rr) (which is referred to ssimply as "syndiotacticity (rr)" in
some cases below) is a percentage where two chains (diad) in a chain of three consecutive
structural units (triad) are both racemo (which is denoted as rr). Note that a chain of two
adjacent structural units (diad) in a polymer molecule that consists of two identically oriented
units is called meso, and the diad that consists of units oriented in opposition is called racemo,
which are denoted as m and r, respectively. The syndiotacticity (rr) (%) of the methacrylate
resin can be calculated from the formula: (X/Y)x100 by measuring *H-NMR spectrum at 30°C in
deuterated chloroform and measuring, from the spectrum, an area (X) of a region with 0.6 to
0.95 ppm and an area (Y) of aregion with 0.6 to 1.35 ppm where tetramethylsilane (TMS) is 0
ppm.

[0019]

The methacrylate resin (A) that is used in the present invention has a weight-average
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molecular weight (which is referred to as "Mw" in some cases below) of preferably 60000 to

200000, more preferably 70000 to 160000 and further preferably 80000 to 120000. With Mw
of 80000 or more and syndiotacticity (rr) of 58% or more, a film to be obtained from the
methacrylate resin (A) is high in strength, not subject to cracking, and easily stretchable. Thus,
the film can be thinner. Further, with Mw of 200000 or less, the methacrylate resin (A) has
enhanced moldability, which ensures higher surface smoothness of afilm to be obtained.

[0020]

In the methacrylate resin (A) that is used in the present invention, the ratio of Mw to a
number-average molecular weight (which is referred to as "Mn" in some cases below) (Mw/Mn;
thisvalueis referred to as "molecular weight distribution” in some cases below) is preferably 1.2
to 2.0 and more preferably 1.3to 1.7. With a molecular weight distribution of 1.2 or more, the
fluidity of the methacrylate resin (A) increases and a film to be obtained is likely to be high in
surface smoothness.  Further, with a molecular weight distribution of 2.0 or less, a film to be
obtained is likely to be high in shock resistance and toughness. Note that Mw and Mn are
values obtained by converting the chromatogram measured by gel permeation chromatography
(GPC) into amolecular weight of standard polystyrene.

[0021]

The methacrylate resin (A) that is used in the present invention preferably has a melt
flow rate of 0.1 to 5 g/10min, more preferably 0.5 to 4 g/10min, and most preferably 1.0 to 3
9/10min. The melt flow rate is measured at 230°C and 3.8kg load in compliance with JIS
K'7210.

[0022]

In the methacrylate resin (A) that is used in the present invention, the content of
structural units originating from methacrylate resin (A) with respect to the mass of methacrylate
resin (A) is preferably 92 mass% or more, more preferably 95 mass% or more, further preferably
97 mass% or more, particularly preferably 99 mass% or more, and most preferably 100 mass%s,
in terms of heat resistance of a methacrylate resin composition to be obtained.

[0023]

The methacrylate resin (A) that is used in the present invention may contain structural
units other than structura units originating from methacrylate resin. For example, structura
units originating from vinyl monomers containing one pol ymerizable carbon-carbon double bond
in one molecule may be used, like alkylester methacrylate other than methyl methacrylate, such
as ethyl methacrylate, cyclohexyl methacrylate, t-butyl methacrylate, isobornyl methacrylate,
8-tricyclo [5.2.1.0%%] decanyl methacrylate and 4-t-butylcyclohexyl methacrylate; alkylester
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acrylate such as methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate and 2-ethylhexyl

acrylate; aryl ester acrylate such as phenyl acrylate; cycloalkyl ester acrylate such as cyclohexyl
acrylate and norbornenyl acrylate; aromatic vinyl such as styrene, o-methylstyrene and
p-methylstyrene; acrylamide; methacrylamide; acrylonitrile; and methacrylonitrile.

[0024]

In the methacrylate resin (A) that is used in the present invention, the content of cyclic
skeleton structural units contained in a main chain is preferably 0.1 mass% or less. To be
specific, the content of at least one structural unit selected from a group consisting of a lactone
ring unit, a maeic anhydride unit, a glutaric acid anhydride unit, a glutarimide unit, an
N-substituted maleimide unit, and a tetrahydropyran ring structure unit is preferably 0.1 mass%
or less. When the content of such a structure is more than 0.1 mass%, a molded article obtained
from the methacrylate resin composition becomes brittle.

[0025]

The glass transition temperature of the methacrylate resin (A) that is used in the present
invention is preferably 120°C or higher, more preferably 122°C or higher, and further preferably
123°C or higher. The upper limit of the glass transition temperature of the methacrylate resinis
131°Cingenerad. The glasstransition temperature can be controlled by adjusting the molecular
weight or the syndiotacticity (rr). When the glass transition temperature is within this above
range, deformation such as heat shrinkage is not likely to occur in afilm to be obtained.

[0026]

A method of producing the methacrylate resin (A) is not particularly limited. For
example, by using a known polymerization method such as radical polymerization or anion
polymerization and adjusting the polymerization temperature, the polymerization time, the type
and amount of a chain transfer agent, the type and amount of a polymerization initiator and the
like, it is possible to produce the methacrylate resin having properties such as Mw and
syndiotacticity (rr) which satisfy the range defined in this specification.

[0027]

For example, in the case of radical polymerization, the polymerization temperature is
preferably 80°C or lower, more preferably 70°C or lower, and most preferably 60°C or lower.
By adjusting the temperature in this manner, the syndiotacticity (rr) can be high.

[0028]

In the case of anion polymerization, it is preferred to use alkyllithium such as

n-butyllithium, sec-butyllithium, isobutyllithium or tert-butyllithium as the polymerization

initiator.  Further, an organic auminum compound preferably coexists in terms of productivity.
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An example of organic aluminum is a compound represented by the formula:

AIRR?R?

(in the formula, RY, R? and R® indicate an alkyl group which may have a substituent, a cycloalkyl
group which may have a substituent, an aryl group which may have a substituent, an aralkyl
group which may have a substituent, an alkoxyl group which may have a substituent, an aryloxy
group which may have a substituent or an N, N-disubstituted amino group, independently of one
another. R? and R® may be an arylenedioxy group which may have a substituent, in
combination.) Specifically,  isobutylbis(2,6-di-tert-butyl-4-methyl phenoxy)a uminum,
isobutyl bis(2,6-di-tert-butyl phenoxy)al uminum,

isobutyl[ 2,2’ -methyl enebi s(4-methyl-6-tert-butyl phenoxy)aluminum or the like may be used.
Further, in anion polymerization, ether, a nitrogen-containing compound or the like may coexist
in order to control polymerization reaction.

[0029]

Further, in the case of producing the methacrylate resin (A) by anion polymerization,
the weight-average molecular weight can be adjusted by adding a polymerization terminator in
the polymerization reaction process. The amount of polymerization terminator to be added is
smaller than the amount of polymerization initiator; that is, to be specific, preferably 1 to 50
mol%, more preferably 2 to 20 mol%, and further preferably 5 to 10 mol% of the amount of
polymerization initiator. The weight-average molecular weight can be adjusted aso by
additionally adding a polymerization initiator in the polymerization reaction process. The
amount of additional polymerization initiator is preferably 1 to 50 mol%, more preferably 2 to 20
mol%, and most preferably 5 to 10 mol% of the amount of polymerization initiator first added.
[0030]

As another method of producing the methacrylate resin (A), the methacrylate resin
having properties such as the weight-average molecular weight and the syndiotacticity (rr) which
satisfy the range defined in this specification, can be obtained by mixing a plurality of types of
methacrylate resins having properties such as the weight-average molecular weight and the
syndiotacticity (rr) of which any one thereof is outside the range defined in the present invention.
Process management is easier in this method. The mixing of a plurality of types of
methacrylate resins may be done by using a known technique, like a melt-kneading device such
as, for example, a kneader-ruder, an extruder, a mixing roll or a Banbury mixer. The
temperature during kneading can be adjusted appropriately according to the melting temperature
of the methacrylate resin to be used, and it is 150°C to 300°C in general.

[0031]
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As another method of producing the methacrylate resin (A), the methacrylate resin

having properties such as the weight-average molecular weight and the syndiotacticity (rr) which
satisfy the range defined in this specification, can be obtained by the polymerization of
monomers in the presence of methacrylate resin having properties any one of which is outside
the range defined in the present invention. Such polymerization can be performed in the same
manner as that of the above-described radical polymerization or anion polymerization. The
production method that polymerizes monomers in the presence of methacrylate resin having
properties any one of which is outside the range defined in the present invention is advantageous
over the production method that mixes a plurality of types of methacrylate resin in that a heat
history applied to the methacrylate resin (A) is shorter, and therefore pyrolysis of the
methacrylate resin (A) is suppressed, and a film with less coloring and less foreign matter is
likely to be obtained.

[0032]

Out of the above-described methods of producing the methacrylate resin (A), in terms of
easiness of production of the methacrylate resin (A) with high transparency, it is preferred to use
a method that produces the methacrylate resin (A) having properties which satisfy the specified
range by anion polymerization, it is more preferred to use a method that produces the
methacrylate resin (A) having properties which satisfy the specified range by mixing a
methacrylate resin produced by anion polymerization and a methacrylate resin produced by
radial polymerization, it is even more preferred to use a method that produces the methacrylate
resin (A) having properties which satisfy the specified range by mixing a methacrylate resin
produced by anion polymerization and another methacrylate resin produced by anion
polymerization, and it is most preferred to use a method that produces the methacrylate resin of
having properties which satisfy the specified range according to the present invention by mixing
a methacrylate resin produced by anion polymerization and a methacrylate resin produced by
radia polymerization.

[0033]

One embodiment where the methacrylate resin (A) is obtained by a method of mixing a
methacrylate resin (1) and a methacrylate resin (Il) is described hereinafter. Note that the
following description describes the methacrylate resin (A) according to one embodiment of the
present invention, and the present invention is not limited to this embodiment, and it can be
achieved by other embodiments as a matter of course.

[0034]
In the methacrylate resin (1), the triad syndiotacticity (rr) is preferably 65% or more,
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more preferably 70 to 90%, and most preferably 72 to 85%. With the triad syndiotacticity (rr)

of 65% or more, the glass transition temperature of the methacrylate resin composition according
to the present invention can be high, and a molded article with high surface hardnessis likely to
be obtained.

[0035]

In the methacrylate resin (1), the polystyrene-converted weight-average molecular
weight Mwl that is caculated based on the chromatogram obtained by gel permeation
chromatography is preferably 40000 to 150000, more preferably 40000 to 120000, and most
preferably 50000 to 100000. With Mw1 of 40000 or more, the shock resistance and toughness
of a molded article obtained from the methacrylate resin composition is likely to be high, and
with Mw1 of 150000 or less, the fluidity of the resin composition increases, and accordingly the
moldability islikely to be improved.

[0036]

In the methacrylate resin (1), the ratio Mw1/Mnl of the weight-average molecular
weight Mwl to the polystyrene-converted number-average molecular weight Mnl that is
calculated based on the chromatogram obtained by gel permeation chromatography is preferably
1.01, more preferably 1.05 and most preferably 1.06 as the lower limit, and preferably 1.2, more
preferably 1.15 and most preferably 1.13 as the upper limit.  With use of the methacrylate resin
(I) with the ratio Mw1/Mn1 within this range, a molded article with high mechanical strength is
likely to be obtained. The values of Mw1 and Mn1 can be controlled by adjusting the type, the
amount and the timing of addition of a polymerization initiator, a chain transfer agent and the
like that are used when producing the methacrylate resin (1).

[0037]

The glass transition temperature of the methacrylate resin (1) is preferably 125°C or
higher, more preferably 128°C or higher, and most preferably 130°C or higher. The upper limit
of the glass transition temperature of the methacrylate resin (1) is preferably 140°C. The glass
transition temperature can be controlled by adjusting the molecular weight, the syndiotacticity
(rr) or thelike. Asthe glass transition temperature of the methacrylate resin (1) gets higher, the
glass transition temperature of a methacrylate resin composition to be obtained gets higher, and a
molded article consisting of the methacrylate resin composition gets less subject to deformation
such as heat shrinkage.

[0038]

In the methacrylate resin (1), the triad syndiotacticity (rr) is preferably 45 to 58%, and

more preferably 49 to 56%. With the triad syndiotacticity (rr) of 45% or more, the glass
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transition temperature of the methacrylate resin composition according to the present invention is

likely to be high, and with the triad syndiotacticity (rr) of 58% or less, the moldability of the
methacrylate resin composition according to the present invention is likely to be improved.
[0039]

In the methacrylate resin (1), the polystyrene-converted weight-average molecular
weight Mw2 that is caculated based on the chromatogram obtained by gel permeation
chromatography is preferably 40000 to 180000, more preferably 50000 to 150000, and most
preferably 50000 to 120000. With Mw2 of 40000 or more, the shock resistance and toughness
of a molded article obtained from the methacrylate resin composition is likely to be high, and
with Mw1 of 180000 or less, the fluidity of the methacrylate resin composition increases, and
therefore the moldability is likely to be improved.

[0040]

In the methacrylate resin (I1), the ratio Mw2/Mn2 of the weight-average molecular
weight Mw2 to the polystyrene-converted number-average molecular weight Mn2 that is
calculated based on the chromatogram obtained by gel permeation chromatography is preferably
1.7 to 2.6, more preferably 1.7 to 2.3 and most preferably 1.7 to 2.0. With use of the
methacrylate resin (11) with the ratio Mw2/Mn2 within this range, a molded article with high
mechanical strength islikely to be obtained. The values of Mw2 and Mn2 can be controlled by
adjusting the type, the amount, and the timing of addition of a polymerization initiator, a chain
transfer agent and the like that are used when producing the methacrylate resin (11).

[0041]

The glass transition temperature of the methacrylate resin (I1) is preferably 100°C or
higher, more preferably 110°C or higher, further preferably 115°C or higher, and most preferably
117°C or higher. The upper limit of the glass transition temperature of the methacrylate resin
(I1) is preferably 122°C. The glass transition temperature can be controlled by adjusting the
molecular weight, the syndiotacticity (rr) or the like. When the glass transition temperature of
the methacrylate resin (I1) is within this range, the heat resistance of the methacrylate resin
composition is higher, and a molded article that is less subject to deformation such as heat
shrinkage is likely to be obtained.

[0042]

The above-described methacrylate resin (1) may be obtained by any production method.
The methacrylate resin (1) is preferably produced by using anion polymerization and adjusting
the polymerization temperature, the polymerization time, the type and amount of a chain transfer

agent, the type and amount of a polymerization initiator and the like in terms of higher
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productivity, higher pyrolysis resistance, less foreign matters, less dimers or trimers of

methacrylate ester, and better appearance of amolded article.
[0043]

The above-described methacrylate resin (11) may be obtained by any production method.
The methacrylate resin (I1) is preferably produced by using radical polymerization and adjusting
the polymerization temperature, the polymerization time, the type and amount of a chain transfer
agent, the type and amount of a polymerization initiator and the like in terms of higher
productivity. The radical polymerization is performed in the absence of a solvent or in a
solvent, and it is preferably performed in the absence of solvent in order to obtain the
methacrylate resin (I1) with a low impurity concentration. The polymerization reaction is
preferably carried out a a low dissolved oxygen level in order to suppress the occurrence of
silver or coloring in a molded particle. Further, the polymerization reaction is preferably
carried out under an inert gas atmosphere such as nitrogen gas.

[0044]

In the methacrylate resin (1) and the methacrylate resin (1), independently of each other,
the content of structural units originating from methacrylate ester is preferably 90 mass% or
more, more preferably 95 mass% or more, further preferably 98 mass% or more, still more
preferably 99 mass¥% or more, and most preferably 100 mass%.

[0045]

In the present invention, the above-described phenoxy resn (B) is a
high-mol ecular-weight thermoplastic epoxy resin, which indicates polyhydroxy polyether having
a chain with a hydroxy group containing unit and an aromatic unit. To be specific, the
above-described phenoxy resin (B) contains one or more types of units represented by the
following formula (1) and also contains structural units originating from the unit represented by
the following formula (1) by 50%mass or more.

[0046]

The number-average molecular weight of the above-described phenoxy resin (B) is
preferably 3000 to 2000000, more preferably 5000 to 100000, and most preferably 10000 to
50000. When the number-average molecular weight is within this range, a methacrylate resin
composition with high heat resistance and high strength can be obtained. The number of units
represented by the following formula (1) to be contained in the above-described phenoxy resin
(B) is preferably 10 to 1000, more preferably 15 to 500, and most preferably 30 to 300.

[0047]
The glass transition temperature of the phenoxy resin (B) is preferably 80°C or higher,
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more preferably 90°C or higher, and most preferably 95°C or higher. When the glass transition

temperature of the phenoxy resin (B) is low, the heat resistance of the methacrylate resin
composition to be obtained becomes low. Although the upper limit of the glass transition
temperature of the phenoxy resin (B) is not particularly specified, it is 150°C in general. When
the glass transition temperature of the phenoxy resin (B) is too high, a molded article consisting
of the methacrylate resin composition to be obtained becomes brittle.

[0048]

It is preferred that the terminal structure of the phenoxy resin (B) does not contain an
epoxy group. If the phenoxy resin (B) contains an epoxy group at the terminal, a film
consisting of the methacrylate resin composition to be obtained islikely to have gel defects.
[0049]

When two or more types of units represented by the following formula (1) are contained
in the phenoxy resin (B), those units may be contained at random, alternately, or in ablock.
[0050]

%O-X_D__T%
OH
(1)

[0051]

In the above formula (1), X is a divalent radical containing at least one benzene ring,
and R is a straight-chain or branched-chain alkylene group with a carbon number of 1 to 6.

[0052]

Specificaly, in the formula (1), X is preferably a divalent radica originating from
compounds as represented by the following formulas (2) to (4). Note that, although the
positions of two substituents that form a divalent radical are not particularly limited as long as it
is afeasible structure, a divalent radical formed by extracting two hydrogen atoms on a benzene
ring in the following formulas (2) to (4) is preferred.  Particularly, a divalent radical formed by
extracting total two hydrogen atoms on different benzene rings in the following formulas (2) and
(4) is preferred.

[0053]

_//R‘ —

R, (R

[0054]
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In the above formula (2), R1 indicates a straight-chain or branched-chain a kylene group

with a carbon number of 1 to 6, a cycloakylene group or a cycloakylidene group with a carbon
number of 3 to 20, or a naphthalene structure where an atom does not exist in R1 and direct
bonding is made, or a biphenyl structure. Each of R2 and R3 is a hydrogen atom, a
straight-chain or branched-chain alkyl group with a carbon number of 1 to 6, or a straight-chain
or branched-chain akenyl group with a carbon number of 2to 6. Each of n and mis an integer
of 1to 4.

[0055]
\ \/f\ﬁ“)
[0056]

In the above formula (3), R4 is a hydrogen atom, a straight-chain or branched-chain
alkyl group with a carbon number of 1 to 6 or a straight-chain or branched-chain alkenyl group
with a carbon number of 2to 6, and p is an integer of 1 to 4.

[0057]
— R, /=\ |g-‘\\\_
{

(4)

[0058]

In the above formula (4), each of R6 and R7 indicates a straight-chain or branched-chain
alkylene group with a carbon number of 1 to 6, a cycloakylene group or a cycloalkylidene group
with a carbon number of 3 to 20, or a naphthalene structure where an atom does not exist in R6,
R7 and direct bonding is made, or a biphenyl structure. Each of R5 and R8 is a hydrogen atom,
a straight-chain or branched-chain alkyl group with a carbon number of 1 to 6, or a straight-chain
or branched-chain akenyl group with a carbon number of 2to 6. Each of g and r is an integer
of 1to 4.

[0059]

Further, in the above formula (1), X may be a divaent radical originating from aromatic
hydrocarbon with a tricyclic structure. Specific examples are a fluorine structure and a
carbazole structure.

[0060]
A specific example of adivalent radical originating from the compounds represented by
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the following formulas (2) to (4) is adivalent radical originating from divalent phenol derivative

having the following structure, though not limited thereto. A divalent radical formed by
extracting hydrogen atoms on a benzene ring in the following structure is preferred.
Particularly, a divalent radical formed by extracting total two hydrogen atoms on different

benzeneringsis preferred.

[0061]
HAC, CH.
- = _ CH;
\ T/ N NS
W —C CH
W A W y:
d ||:| ; ~F Z
——, ——
NeTa
— T f_.-"‘_‘ J .-}='\ — \__ K ;——\_/
T W | h & o b
W T W A L S N
W Er W, o L ’y
-\_fr H —" y /! —]\
Hale H
rd
Fa T“ f—'\ — cH —_— o, =
_‘.‘1 \_.— 1 —Z{ :_. {'-" "-."‘ 'l: / ) l ¢ N,
.\'I. k l"\-. _-":"’ 1".. .l'r " I ﬁx\
.; r_.-‘r JH k' F. ', :?; .lH \}\ i ?|- . X A

(Specific structure examples of the above (2) to (4))
[0062]

The unit represented by the above formula (1) is preferably the unit represented by the
following formula (6) in particular. Further, the phenoxy resin (B) preferably contains one or
more types of units represented by the following formula (6) where the number of that unit is 10
to 1000 units.

[0063]

|
[0064]

In the above formula (6), R9 indicates a straight-chain or branched-chain a kylene group
with a carbon number of 1 to 6, a cycloakylene group or a cycloakylidene group with a carbon
number of 3 to 20, or a naphthalene structure where an atom does not exist in R1 and direct

bonding is made, or a biphenyl structure, and R10 is a straight-chain or branched-chain alkylene
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group with a carbon number of 1 to 6.

[0065]
The unit represented by the above formula (6) is preferably the unit represented by the

following formula (7) in particular.

[0066]
[0067] |

As the phenoxy resin (B), YP-50, YP -50S manufactured by Nippon Steel & Sumikin
Chemical Co., Ltd., JER series manufactured by Mitsubishi Chemical Corporation, PKFE, PKHJ
which are phenoxy resins manufactured by Inchem Co., Ltd. or the like may be used.

[0068]

The phenoxy resin (B) according to the present invention can be obtained by
condensation reaction of a divalent phenol compound and epihal ohydrin or polyaddition reaction
of a divaent phenol compound and a bifunctional epoxy resin, and it can be obtained by a
known method in a solvent or in the absence of solvent.

[0069]

The content of the phenoxy resin (B) per 100 parts by mass of the methacrylate resin
(A) contained in the methacrylate resin composition according to the present invention is0.1 to 8
parts by mass, and preferably 1 to 6 parts by mass. When the content of the phenoxy resin (B)
is less than 0.1 parts by mass, the pyrolysis resistance under the air atmosphere is low, and the
adhesive properties of a film to be obtained are degraded. When the content of the phenoxy
resin (B) is more than 8 parts by mass, the heat resistance decreases and a phase difference
INncreases.

When the content of the phenoxy resin is within this range, it is possible to obtain the
methacrylate resin composition with good adhesive properties, high pyrolysis resistance, and
enabling reduction of phase differences in the film thickness direction when a film obtained
therefrom is stretched. This methacrylate resin composition is less subject to pyrolysis during
molding, it is possible to suppress fouling of a molding device such as a mold during melt
molding. For example, it is possible to suppress roll fouling when producing a film by
extrusion molding.

[0070]

The methacrylate resin composition according to the present invention contains a
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combination of the methacrylate resin (A) and the phenoxy resin (B) by 80 mass% or more,

preferably 90 to 100 mass%, more preferably 94 to 100 mass%, and further preferably 96 to 100
masso.
[0071]

The methacrylate resin composition according to the present invention may contain
fillers according to need within arange which does not impair the effects of the present invention.
Examples of filters include calcium carbonate, talc, carbon black, titanium oxide, silica, clay,
barium sulfate, magnesium carbonate and the like. The amount of fillers to be contained in the
methacrylate resin composition according to the present invention is preferably 3 mass% or less
and more preferably 1.5 mass% or less.

[0072]

The methacrylate resin composition according to the present invention may contain
other polymers within a range which does not impair the effects of the present invention.
Examples of other polymers include polyolefin resin such as polycarbonate resin, polyethylene,
polypropylene, polybutene-1, poly-4-methylpentene-1 and polynorbornene; ethylene ionomer;
styrene resin such as polystyrene, styrene-maleic anhydride copolymer, high impact polystyrene,
AS resin, ABS resin, AES resin, AAS resin, ACS resin and MBS resin; methyl methacrylate
polymer, methyl methacrylate - styrene copolymer; polyester resin such as polyethylene
terephthalate and polybutylene terephthaate; polyamide such as nylon 6, nylon 66 and
polyamide elastomer; polyvinyl chloride, polyvinylidene chloride, polyvinyl alcohol, ethylene -
vinyl acohol copolymer, polyacetal, polyvinylidene fluoride, polyurethane, modified
polyphenylene ether, polyphenylene sulfide, silicone-modified resin; acrylic core-shell rubber,
acrylic block copolymer, silicone rubber; styrene-based thermoplastic elastomer such as SEPS,
SEBS and SIS; olefin-based rubber such as IR, EPR and EPDM and the like. Among those
polymers to be contained, a polycarbonate resin is preferred in terms of transparency and heat
resistance. The content of those polymers in the methacrylate resin composition is preferably
20 mass%o or less and more preferably 10 mass% or less.

[0073]

The polycarbonate resin (C) that can be used in the present invention is not particularly
limited. As the polycarbonate resin (C), a polymer that is produced by the reaction of a
multifunctional hydroxy compound and a carbonic acid ester-forming compound may be used.
In the present invention, an aromatic polycarbonate resin is preferred for use in terms of good
compatibility with the methacrylate resin (A) and high transparency of afilm to be obtained.
[0074]
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In the polycarbonate resin (C), the MVR vaue at 300°C and 1.2Kq is preferably 1 to

100000 cm?/10min, more preferably 80 to 400 cm®/10 min, further preferably 100 to 300 cm®/10
min, still further preferably 130 to 250 cm®/10 min, and most preferably 150 to 230 cm®/10min
in terms of good compatibility with the methacrylate resin (A) and high transparency and surface
smoothness of afilm to be obtained.

[0075]

Further, in the polycarbonate resin (C) that is used in the present invention, the
weight-average molecular weight that is obtained by converting the chromatogram measured by
gel permeation chromatography (GPC) into molecular weight of standard polystyrene is
preferably 5000 to 75000, more preferably 13000 to 33000, further preferably 14000 to 30000,
still further preferably 15000 to 28000, and most preferably 18000 to 27000 in terms of good
compatibility with the methacrylate resin (A) and high transparency and surface smoothness of a
film to be obtained. Note that the control of the MVR vaue and the weight-average molecular
weight of the polycarbonate resin (C) can be made by adjusting the amount of a terminator or a
branching agent.

[0076]

The glass transition temperature of the polycarbonate resin (C) that is used in the
present invention is preferably 130°C or higher, more preferably 135°C or higher, and further
preferably 140°C or higher. The upper limit of the glass transition temperature of the
polycarbonate resin is 180°C in general. The glass transition temperature is a midpoint glass
transition temperature that is measured by JS K7121 (with a rate of temperature increase of
20°C/min).

[0077]

A method for producing the polycarbonate resin (C) is not particularly limited. For
example, a known method such as the Phosgene method (interfacial polymerization method) or
the melt polymerization method (ester exchange method) may be used. Further, an aromatic
polycarbonate resin that is suitably used in the present invention may be made by performing
processing for adjusting the number of termina hydroxy groups on a polycarbonate resin
material produced by the melt polymerization method.

Further, the polycarbonate resin can be obtained from Sumika Styron Polycarbonate
Limited, Teijin Limited, Mitsubishi Engineering-Plastics Corporation, Bayer Yakuhin, Ltd, Saudi
Basic Industries Corporation (SABIC) and the like.

[0078]

In the methacrylate resin composition according to a preferred embodiment of the
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present invention, the content of the above-described polycarbonate resin per 100 parts by mass

of the methacrylate resin (A) is 0.1 to 8 parts by mass, and preferably 0.5 to 5 partsby mass. In
this range, the methacrylate resin (A), the phenoxy resin (B) and the polycarbonate resin (C) are
completely compatible, and a film with high transparency and high surface smoothness can be
obtained. Further, in this range, phase difference of a stretched film to be obtained can be
small.
[0079]

The methacrylate resin composition according to the present invention may contain
additives such as antioxidant, thermal degradation inhibitor, ultraviolet absorber, light stabilizer,
lubricant, release agent, polymeric processing aid, antistatic agent, flame retardant, staining
pigment, light diffusing agent, organic pigment, matting agent, shock resistance modifier and
phosphor.

[0080]

The antioxidant has the effect of preventing oxidation degradation of a resin in the
presence of oxygen. For example, phosphorus-based antioxidant, hindered phenol-based
antioxidant, thioether-based antioxidant or like can be used. Among those, use of
phosphorus-based antioxidant and hindered phenol-based antioxidant is preferred, and a
combined use of phosphorus-based antioxidant and hindered phenol-based antioxidant is further
preferred in terms of the effect of preventing degradation of optical properties due to coloring.

In the case of using phosphorus-based antioxidant and hindered phenol-based
antioxidant in combination, the mass ratio of phosphorus-based antioxidant and hindered
phenol-based antioxidant is preferably 0.2 /1 to 2/1 and more preferably 0.5/1 to 1/1.

[0081]

As the phosphorus-based antioxidant, 2,2-methylene bis(4,6-di-t-butyl phenyl)octyl
phosphite (trade name: ADK STAB HP-10, manufactured by ADEKA Corporation),
tris(2,4-di-tert-butylphenyl)phosphite (trade name: IRGAFOS168, manufactured by BASF
Corporation), 3,9-bis(2,6-di-t- butyl-4-methylphenoxy)-2,4,8,10-tetoraokisa 3,9-diphosphaspiro
[5.5] undecane (trade name: ADK STAB PEP-36, manufactured by ADEKA Co., Ltd.) and the
like are preferred.

[0082]

As the hindered phenol-based antioxidant, pentaerythrityl-tetrakig 3-
(3,5-di-tert-butyl-4-hydroxyphenyl) propionate] (trade name: IRGANOX1010, manufactured by
BASF Corporation), octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate (trade name:
IRGANOX 1076, manufactured by BASF Corporation) and the like are preferred.
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[0083]

The heat degradation inhibitor is an agent that prevents heat degradation of a resin by
trapping polymer radicals generated when exposed to high heat substantially in the absence of
oxygen.

Asthe heat degradation inhibitor,
2-t-butyl-6-(3'-tert-butyl-5'-methyl-hydroxybenzyl )-4-methyl-phenyl acrylate (trade name:
Sumilizer GM, manufactured by Sumitomo Chemical Co., Ltd.), 2,4-di-t-amyl-6-(3',5'-di-tert-
amyl-2'-hydroxy-a-methyl benzyl) phenyl acrylate (trade name: Sumilizer GS, manufactured by
Sumitomo Chemical Co., Ltd.) and the like are preferred.

[0084]

The ultraviolet absorber is a compound that has the ability to absorb ultraviolet radiation,
and it has the function of mainly converting light energy into heat energy.

As the ultraviolet absorber, benzophenones, benzotriazoles, triazines, benzoates,
salicylates, cyanoacrylates, anilide oxalate, malonic acid esters, formamidines and the like are
preferred. Among those agents, benzotriazoles, triazines or ultraviolet absorbers where the
maximum value gmax Of the molar absorbance coefficient at a wavelength of 380 to 450nm is
equal to or less than 100dm?®-moltcm™ is preferred.

The content of the ultraviolet absorber is preferably 0.01 to 10 mass%, more preferably
0. 1 to 5 mass%, and further preferably 0.2 to 2 mass%, though it depends on the molar
absorbance coefficient of the ultraviolet absorber or a wavelength to be absorbed. When the
content is high, while degradation can be suppressed for an extended period, bleed out during
molding or usage occurs. When the content is too low, the desired ultraviolet absorption effect
IS not achieved.

[0085]

Because benzotriazoles have high effect of suppressing degradation of optical properties
such as coloring by ultraviolet radiation, it is preferred for use as the ultraviolet absorber that is
used when a film according to the present invention is used in an optical application. As
benzotriazoles, 2-(2H-benzotriazol-2-yl)-4-(1,1,3,3-tetramethyl butyl) phenol (trade name:
TINUVIN329, manufactured by BASF Corporation), and 2-(2H-benzotriazol-2-yl)
-4,6-bis(1-methyl-1-phenylethyl) phenol (trade name: TINUVIN234, manufactured by BASF
Corporation), 2,2- methylenebis [6-(2H-benzotriazol-2-yl)-4-t-octylphenol]  (LA-31,
manufactured by ADEKA Co., Ltd.), 2- (5-octylthio -2H- benzotriazol-2-yl) -6-tert-
butyl-4-methylphenol and the like are preferred.

[0086]
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Further, the ultraviolet absorber where the maximum value gmax Of the molar absorbance

coefficient at a wavelength of 380 to 450nm is equal to or less than 1200dm?3-mol-*cm™ can
suppress discoloration of afilm to be obtained. An example of such an ultraviolet absorber is
2-ethyl-2'-ethoxy-oxalanilide (trade name: Sandeyuboa VSU, manufactured by Clariant Japan
KK).

Among those ultraviolet absorbers, benzotriazoles are preferably used in terms of
suppressing degradation of aresin due to ultraviolet radiation.
[0087]

Further, when it is desired to particularly efficiently absorb light with a wavelength of
380 to 400nm, it is preferred to use, as the ultraviolet absorber, metal complexes with
heterocyclic ligands (for example, a compound with the structure represented by the formula (8))
which are disclosed in International Publication Numbers WO02011/089794A1 and
W02012/124395A 1, Japanese Unexamined Patent Application Publications Nos. 2012-012476,
2013-023461, 2013-112790, 2013-194037, 2014-62228, 2014-88542, 2014-88543 and the like.
[0088]
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[In the above formula (8), M isameta atom.

Each of Y1, Y2 Y3 and Y*#is adivalent radical other than a carbon atom (oxygen atom,
sulfur atom, NH, NR® etc). R® is a substituent such as an alkyl group, an aryl group, a
heteroaryl group, heteroaralkyl group or an aralkyl group. The substituent may further have a
substituent in the substituent.

Each of Z1 and Z2 is a trivalence (nitrogen atom, CH, CR6 etc.). R6 is substituent
such as an alkyl group, an aryl group, a heteroaryl group, heteroaralkyl group or an aralkyl group.
The substituent may further have a substituent in the substituent.

Each of RY, R?, R® and R* is the substituent of a hydrogen atom, an alkyl group, a
hydroxyl group, a carboxyl group, an alkoxyl group, a halogeno group, an alkylsulfonyl group, a
morpholino sulfonyl group, piperidino sulfonyl group, thiomorpholino sulfonyl group, a

piperazino sulfonyl group or the like. The substituent may further have a substituent in the



10

15

20

25

30

21
substituent. &, b, ¢ and d indicate the values of RY, R?, R® and R*, respectively, each of which is

an integer of 1to 4.]
[0089]

Examples of the heterocyclic ligands are 2,2-imino bis benzothiazole, 2-
(2-benzothiazolyl amino) benzoxazole, 2-(2-benzothiazolyl amino) benzimidazole, and
(2-benzothiazolyl) (2-benzimidazolyl) methane, bis(2-benzoxazolyl) methane,
bis(2-benzothiazolyl) methane, big2-(N- substituted) benzimidazolyl] methane and the like and
their derivatives. Asthe central metal of such metal complexes, copper, nickel, cobalt and zinc
are preferred for use.  Further, in order to use these metal complexes as the ultraviolet absorber,
it is preferred to disperse a metal complex in a medium such as a low molecular compound or a
polymer. The additive amount of the metal complex is preferably 0.01 to 5 parts by mass and
more preferably 0.1 to 2 parts by mass per 100 parts by mass of the film according to the present
invention. Because the metal complex has alarge molar absorbance coefficient at a wavelength
of 380 to 400nm, the amount to be added to obtain sufficient ultraviolet absorbing effects is
small. With a small additive amount, degradation of the appearance of a molded article due to
bleed-out or the like can be suppressed. Further, because the metal complex has a high heat
resistance, it is less subject to degradation or decomposition during molding. Further, because
the metal complex has a high light resistance, it is possible to maintain the ultraviolet absorbing
capability for along time.

[0090]

When it is desired to efficiently absorb light with a short wavelength of equal to or less
than 380nm, triazines are suitably used as the ultraviolet absorber. Examples of such an
ultraviolet absorber are 2,4,6-tris (2-hydroxy-4-hexyloxy-3-methylphenyl) -1,3,5-triazine
(LA-F70, manufactured by ADEKA Corporation) or its analog hydroxyphenyl triazine UV
absorber (TINUVIN477, TINUVIN4GO, TINUVI N479, manufactured by BASF Corporation),
2,4-diphenyl-6- (2-hydroxy-4-hexyloxyphenyl) -1,3,5-triazine and the like.

[0091]

The maximum value emax Of the molar absorbance coefficient of the ultraviolet absorber
Is measured as follows. A 10.00mg of ultraviolet absorber is added to 1L of cyclohexane to
dissolve so that nothing remains undissolved by visual observation. This solution is injected
into a quartz glass cell of 1cmx1cmx3cm, and the absorbance at a wavelength of 380 to 450 nm
is measured using U-3410 spectrophotometer manufactured by Hitachi, Ltd. From the
molecular weight of the ultraviolet absorber (Muv) and the maximum value of absorbance

measured (Amax), the maximum value emax Of the molar absorbance coefficient is calculated by
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the following equation.

[0092]

emax=[Amax/(10x10°3)]xMuy
[0093]

The light stabilizer is a compound that has the function of trapping radicals generated
mainly by oxidation with light. Examples of suitable light stabilizers are hindered amines such
as acompound having a 2,2,6,6-tetraalkyl piperidine skeleton.

[0094]

Examples of the lubricant are stearic acid, behenic acid, stearamide acid, methylene
bis-stearamide, hydroxystearic acid triglyceride, paraffin wax, ketone wax, octyl alcohol,
hydrogenated oil and the like.

[0095]

The release agent is a compound that has the function of facilitating release of a molded
article from a mold. Examples of the release agent are higher alcohols such as cetyl alcohol
and stearyl alcohol; glycerin higher fatty acid esters such as monoglyceride stearate and
diglyceride stearate. In the present invention, it is preferred to use, as a release agent, higher
alcohol and glycerin fatty acid monoester in combination. In the case of making a combined
use of higher alcohol and glycerin fatty acid monoester, the mass ratio of higher acohol and
glycerin fatty acid monoester is preferably in the range of 2.5/1 to 3.5/1 and more preferably
2.8/1t0 3.2/1.

[0096]

The polymeric processing aid is, in general, polymer particles with a particle size of
0.05 to 0.5pum, which can be prepared by emulsion polymerization. The polymer particles may
be single-layer particles composed of a polymer with a single composition ratio and a single
limiting viscosity, or may be a multilayer particles composed of two or more types of polymers
with different composition ratios or limiting viscosities. Particularly, two-layer particles
composed of an inner polymer layer with a low limiting viscosity and an outer polymer layer
with ahigh limiting viscosity of 5 dl/g or more are preferred for use.  The polymeric processing
aid preferably has alimiting viscosity of 3 to 6 di/g.

[0097]

As the shock resistance modifier, use of a core-shell modifier containing acrylic rubber
or diene rubber as a core layer component, a modifier containing a plurality of rubber particles,
an acrylic block copolymer or the likeis preferred.

As the organic pigment, use of a compound that has the function of transforming
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ultraviolet light that is known to be harmful to aresin into visible light is preferred.

As the light diffusing agent and the matting agent, use of glass particles, polysiloxane
crosslinked fine particles, crosslinked polymer particles, talc, calcium carbonate, barium sulfate
or thelikeis preferred.

As the phosphor, use of fluorescent pigment, fluorescent dye, fluorescent white dye,
fluorescent brightening agent, fluorescent bleach or the like is preferred.

[0098]

One type of additives may be used alone, or two or more types of additives may be used
in combination. Further, those additives may be added to a polymerization solution when
producing the methacrylate resin (A), the phenoxy resin (B), the polycarbonate resin (C) and the
like, may be added to the methacrylate resin (A), the phenoxy resin (B) and the polycarbonate
resin (C) that have been produced, or may be added when preparing the methacrylate resin
composition. The total amount of additives to be contained in the methacrylate resin
composition according to the present invention is preferably 7 mass% or less, more preferably 5
mass%o or less, and further preferably 4 mass% or less with respect to the methacrylate resin (A)
in terms of suppressing degradation of the appearance of afilm to be obtained.

[0099]

A method of preparing the methacrylate resin composition according to the present
invention is not particularly limited. One example is polymerization of a monomer mixture
containing methyl methacrylate in the presence of the phenoxy resin (B) to generate the
methacrylate resin (A), and another example is melt-kneading of the methacrylate resin (A) and
the phenoxy resin (B). Among those methods, melt-kneading can be done by a simple process,
whichis preferable. In melt-kneading, another polymer or additives may be mixed according to
need, the methacrylate resin (A) may be mixed with another polymer or additives and then
mixed with the phenoxy resin (B), or the phenoxy resin (B) may be mixed with another polymer
or additives and then mixed with the methacrylate resin (A), or another method may performed.
The kneading can be performed using a known mixing device or a kneading device such as a
kneader-ruder, a single screw or twin screw extruder, amixing roll or a Banbury mixer. A twin
screw extruder is particularly preferable among those devices. The temperature during mixing
and kneading can be adjusted appropriately according to the melting temperature of the
methacrylate resin (A) and the phenoxy resin (B) to be used, and it is preferably in the range of
110°C to 300°C.

[0100]

The methacrylate resin composition according to the present invention contains the
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methacrylate resin (A) preferably by 73 to 99 mass¥%, more preferably by 80 to 97 mass%, and

further preferably by 85 to 95 mass% for high transparency, high heat resistance and smaller
phase differences in the thickness direction when it is formed into afilm.

Further, the methacrylate resin composition according to the present invention contains
the phenoxy resin (B) preferably by 0.1 to 8 mass% and more preferably by 1 to 6 mass% for
smaller phase differencesin the thickness direction when it is formed into afilm.

Furthermore, in the case where the methacrylate resin composition according to the
present invention contains the polycarbonate resin (C), it contains the polycarbonate resin (C)
preferably by 0.1 to 8 mass% and more preferably by 0.5 to 5 mass% for smaller phase
differences in the thickness direction of afilm to be obtained.

[0101]

The glass transition temperature of the methacrylate resin composition according to the
present invention is preferably 120°C or higher, more preferably 123°C or higher, and further
preferably 124°C or higher.  Although the upper limit of the glass transition temperature of the
methacrylate resin composition is not particularly limited, it is preferably 130°C.

[0102]

The value of Mw that is determined by measuring the methacrylate resin composition
according to the present invention by GPC is preferably 70000 to 200000, more preferably
72000 to 160000, and further preferably 75000 to 120000. The molecular weight distribution
that is determined by measuring the methacrylate resin composition by GPC is preferably 1.2 to
2.5 and more preferably 1.3t0 2.0. When Mw and the molecular weight distribution are in this
range, moldability of the methacrylate resin composition is good, and a molded article with high
shock resistance and high toughnessis likely to be obtained.

[0103]

A melt flow rate that is determined by measuring the methacrylate resin composition
according to the present invention at 230°C and 3.8kg load is preferably 0.1 to 6 g/10min, more
preferably 0.5to 5 g/ 10min, and most preferably 1.0 to 3 g/10min.

[0104]

In the methacrylate resin composition according to the present invention, a haze with a
thickness of 3.2mm is preferably 3.0% or less, more preferably 2.0% or less, and further
preferably 1.5% or less.

[0105]
In the methacrylate resin composition according to the present invention, a

thermogravimetric reduction rate when it is heated to 290°C and left for 30 minutes under the air
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atmosphere is preferably 30% or less, more preferably 20% or less, and further preferably 15%

or less.
[0106]

The methacrylate resin composition according to the present invention may be in the
form of pellets or the like in order to enhance the convenience for storage, carriage or molding.
[0107]

The methacrylate resin composition according to the present invention can be formed
into a molded article by a known molding method. Examples of molding method are melt
molding such as T-die (lamination, coextrusion etc.), inflation (coextrusion etc.), compression
molding, blow molding, calendar molding, vacuum molding, injection molding (insert molding,
two-color molding, press molding, core-back molding, sandwich molding etc.), solution casting
and the like.

[0108]

A film according to the present invention, which is one form of a molded article, is not
particularly limited by a process of production. The film according to the present invention can
be obtained by forming the methacrylate resin composition into a film by a known method such
as solution casting, melt-casting, extrusion molding, inflation molding or blow molding.
Among those methods, extrusion molding is preferred for use. With the extrusion molding
method, it is possible to obtain a film with high transparency, enhanced toughness, good
handling properties, and appropriate balance among toughness, surface hardness and stiffness.
The temperature of the methacrylate resin composition that is extruded from an extruder is
preferably set to 160°C to 270°C and more preferably to 220°C to 260°C.

[0109]

Among the extrusion molding methods, it is preferred to use a method that extrudes the
methacrylate resin composition in a molten state from a T-die and places it between two or more
mirror-finished rolls or mirror-finished belts for molding in order to obtain a film with high
surface smoothness, high specular gloss and low haze. The mirror-finished rolls or
mirror-finished belts are preferably made of metal. A linear pressure between a pair of
mirror-finished rolls and mirror-finished belts is preferably 2 N/mm or higher, more preferably
10 N/mm or higher, and further preferably 30 N/mm or higher.

[0110]

Further, it is preferred that the mirror-finished rolls and mirror-finished belts both have a

surface temperature of 130°C or less. Further, it is preferred that at least one of a pair of

mirror-finished rolls or mirror-finished belts has a surface temperature of 60°C or more. When
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the surface temperature is set to this range, it is possible to cool down the methacrylate resin

composition that is extruded from an extruder at a higher rate than natural cooling, and a film
with high surface smoothness and low haze is likely to be produced.
[0111]

The film according to the present invention may undergo stretching. By the stretching,
the mechanical strength is enhanced, and a film that is less subject to cracking can be obtained.
A method for stretching is not particularly limited, and uniaxial stretching, simultaneous biaxial
stretching, sequential biaxial stretching, tubular stretching or the like may be used. The
temperature during stretching is preferably 100°C to 200°C and more preferably 120°C to 160°C
for uniform stretching and higher strength of the film. The stretching is performed at a rate of
100 to 5000 %/min based on the length. By performing heat fixation after the stretching, it is
possible to obtain afilm with less heat shrinkage.

[0112]

Although the thickness of the film according to the present invention is not particularly
limited, the thickness is preferably 1 to 300 um, more preferably 10 to 50 um, and further
preferably 15 to 40 um when it is used as an optical film.

[0113]

In the film according to the present invention, a haze at a thickness of 40 um is
preferably 0.2% or less and more preferably 0.1% or less. This enhances surface gloss and
transparency.  Further, this enhances the use efficiency of a light source in optics applications
such as a liquid crystal protection film or a light guide film. Furthermore, this enhances the
shaping accuracy in surface shaping.

[0114]

In the film according to the present invention, a phase difference in the in-plane
direction Re for light with a wavelength of 590 nm when the film thickness is 40 pm is
preferably 15 nm or less, more preferably 10 nm or less, further preferably 5 nm or less,
particularly preferably 3 nm or less, and most preferably 1 nm or less.

In the film according to the present invention, a phase difference in the thickness
direction Rth for light with a wavelength of 590 nm when the film thickness is 40 pum is
preferably between -5 nm and 5 nm, more preferably between -4 nm and 4 nm, further preferably
-3 nm and 3 nm, particularly preferably -2 nm and 2 nm, and most preferably -1 nm and 1 nm.

When a phase difference in the in-plane direction and a phase difference in the thickness
direction are within this range, phase differences are small, and the effects of phase differences

on the display properties of an image display device can be significantly reduced. To be
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specific, nonuniform interference and 3D image distortion when it is used for a liquid crystal

display device for 3D display are significantly improved.

Note that the phase difference in the in-plane direction Re and the phase difference in
the thickness direction Rth are values defined by the following equations:

Re=(nx-ny)xd

Rth=((nx+ny)/2-nz)xd
where nx isthe refractive index of the film in the slow axis direction, ny isthe refractive index of
the film in the fast axis direction, nz is the refractive index of the film in the film thickness
direction, and d(nm) is the thickness of the film. The slow axis is a direction in which the
in-plane refractive index of the film reaches its maximum, and the fast axis is a direction
perpendicular to the slow axisin-plane.

[0115]

A functional layer may be placed on a surface of a film, which is one form of a molded
article according to the present invention. Examples of the functional layer are
a hard coat layer, an anti-glare layer, an antireflection layer, a sticking prevention layer, a
diffusion layer, an anti-glare layer, an antistatic layer, an antifouling layer, a slipping layer such
as microparticulates and the like. The functional layer may be placed only on one side or on
both sides.

[0116]

Because the film according to the present invention has high transparency, high heat
resistance, high pyrolysis resistance under the air atmosphere, small phase differences and small
thickness, it is suitable for use as a polarizer protective film, a phase difference film, a liquid
crystal protection plate, a surface material of a portable information terminal, a display window
protective film of a portable information terminal, a light guide film, a transparent conductive
film having a surface coated with silver nanowires or carbon nanotubes, a front plate of various
types of displays. Particularly, since a phase difference is small in the film according to the
present invention, it is suitable for use as a polarizer protective film.

Because the film according to the present invention has high transparency and high heat
resistance, it can be used for an IR cut film, a security film, shatterproof film, adecorative film, a
metal decorative film, aback sheet for solar cell, afront sheet for flexible solar cell, ashrink film,
an in-mold label film, and a film for gas barrier film base material, as applications other than
optics applications.

[0117]

A polarizing plate according to the present invention includes at least one polarizer
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protective film according to the present invention. Preferably, the polarizing plate is a stack of

apolarizer made of a polyvinyl acohol-based resin and the polarizer protective film according to
the present invention with an adhesive layer interposed therebetween.
[0118]

As shown in Fig. 1, in a polarizing plate according to a preferred embodiment of the
present invention, an adhesive layer 12 is laminated on one surface of a polarizer 11, and a
polarizer protective film 14 according to the present invention is further laminated on the
adhesive layer 12; further, an adhesive layer 15 is laminated on the other surface of the polarizer
11, and an optical film 16 is further laminated on the adhesive layer 15 (see Fig. 1). Although
an adhesion enhancement layer 13 may be placed on the surface of the polarizer protective film
14 according to the present invention that isin contact with the adhesive layer 12 (see Fig. 2), the
polarizer protective film 14 according to the present invention can suitably maintain high
adhesiveness without the adhesion enhancement layer 13. While use of the adhesion
enhancement layer 13 is advantageous in that adhesiveness between the adhesive layer 12 and
the polarizer protective film 14 becomes higher, it is disadvantageous in productivity and cost.
[0119]

A polarizer that is made of the above-described polyvinyl acohol-based resin is
obtained by performing dyeing of a polyvinyl acohol-based resin film with a dichroic material
(typicaly, iodine, dichroic dye) and uniaxial stretching, for example. The polyvinyl
alcohol-based resin film can be obtained by forming the polyvinyl alcohol-based resin into afilm
by an appropriate method (for example, a casting method that form a film by casting of a
solution where resin dissolves in water or organic solvent, a cast method, an extrusion method).

In the polyvinyl acohol-based resin, the degree of polymerization is preferably 100 to
5000 and more preferably 1400 to 4000. Further, the although the thickness of the polyvinyl
alcohol-based resin film that is used for the polarizer can be set appropriately according to the
purpose or application of an LCD where the polarizing plate is to be used, it is typically 5 to 80
pm.

[0120]

The adhesive layer that can be used for the polarizing plate according to the present
invention is not particularly limited as long as it is optically transparent. As an adhesive to be
used for the adhesive layer, water-based adhesive, solvent-based adhesive, hot-melt adhesive,
UV curable adhesive or the like may be used. Among them, water-based adhesive and UV
curing adhesive is preferred for use.

[0121]
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Although the water-based adhesive is not particularly limited, vinyl polymer-based,

gelatin-based, vinyl-based latex-based, polyurethane-based, isocyanate-based, polyester-based,
epoxy-based adhesives and the like may be used, for example. Such water-based adhesives
may contain a crosslinking agent, another additive, a catalyst such as acid according to need.
As the water-based adhesive, use of an adhesive containing vinyl polymer is preferred, and a
polyvinyl alcohol-based resin is preferred as vinyl polymer.  Further, the polyvinyl
alcohol-based resin may contain a water-soluble crosslinking agent such as boric acid, borax,
glutaraldehyde, melamine or oxalic acid. Particularly, in the case of using a polyvinyl
alcohol-based polymer film as the polarizer, it is preferred to use an adhesive that contains a
polyvinyl acohol-based resin in terms of adhesive properties. Furthermore, an adhesive that
contains a polyvinyl alcohol-based resin having an acetoacetyl group is more preferred in terms
of improving durability. The above-described water-based adhesive is generally used as an
adhesive made of an aqueous solution, and it has a solid content of 0.5 to 60% by weight.

[0122]

Further, the above-described adhesive may contain a metal compound filler. Use of
the metal compound filler enables control of the fluidity of the adhesive layer, and it is possible
to stabilize the film thickness, thereby obtain the polarizing plate which has good appearance, is
uniform in plane and has no adhesion irregul arity.

[0123]

A method for forming the adhesive layer is not particularly limited. For example, the
adhesive layer may be formed by applying the above-described adhesive onto an object and then
heating or drying it. The adhesive may be applied onto the polarizer protective film according
to the present invention or the optical film, or may be applied onto the polarizer. After forming
the adhesive layer, the polarizer protective film or the optical film and the polarizer are pressed
against each other, thereby laminating them together. In the lamination, aroll press machine, a
flat plate pressing machine or the like may be used. A heating/drying temperature and a drying
time are appropriately determined according to the type of adhesive.

The thickness of the adhesive layer is preferably 0.01 to 10 um and more preferably
0.03 to 5 pm in a dry state.

[0124]

Adhesion enhancement treatment that can be performed on the polarizing plate
according to the present invention enhances adhesion of a plane in which the polarizer protective
film and the polarizer are in contact with each other. An example of adhesion enhancement

treatment is surface treatment such as corona treatment, plasma treatment and low-pressure UV



10

15

20

25

30

30
treatment.

[0125]

It is also possible to place an adhesion enhancement layer. The adhesion enhancement
layer is a silicone layer having a reactive functiona group, for example. Although the material
of the silicone layer having a reactive functiona group is not particularly limited, examples are
isocyanate group-containing alkoxy silanols, amino group-containing alkoxy silanols, mercapto
group-containing alkoxy silanols, carboxy-containing alkoxy silanols, epoxy group-containing
alkoxy silanols, vinyl unsaturated group-containing alkoxy silanols, halogen group-containing
alkoxy silanols, isocyanate group-containing alkoxy silanols and the like. Among those
materials, amino-based silanol is preferred for use. By adding, to silanol, a titanium-based
catalyst or a tin-based catalyst for efficient reaction of silanal, it is possible to strengthen the
adhesive force.  Further, other additives may be added to the above-described silicone having a
reactive functional group. Examples of other additives are tackifiers such as terpene resin,
phenol resin, terpene-phenalic resin, rosin resin and Xxylene resin, an ultraviolet absorber, an
antioxidant, a stabilizer such as a heat-resistant stabilizer and the like.  Further, as the adhesion
enhancement layer, a layer made by saponification of a cellulose acetate butyrate resin may be
used.

[0126]

The above-described adhesion enhancement layer is formed by coating and drying by a
known technique. The thickness of the adhesion enhancement layer in a dry state is preferably
1 to 100 nm and more preferably 10 to 50 nm. During coating, a chemica solution for
adhesion enhancement layer formation may be diluted with a solvent. Although a diluting
solvent is not particularly limited, alcohols may be used, for example. Although a dilute
concentration is not particularly limited, it is preferably 1 to 5 mass% and more preferably 1 to 3
masso.

[0127]

The optical film 16 may be a polarizer protective film of the present invention or may
be another arbitrary optical film that is suitable for use. An optical film to be used is not
particularly limited, and a film made of a cellulose resin, a polycarbonate resin, a cyclic
polyolefin resin, a methacrylate resin or the like may be used.

[0128]

The cellulose resin is an ester of cellulose and afatty acid.  Specific examples of such

a celulose ester resin are cellulose triacetate, cellulose diacetate, cellulose tripropionate, and

cellulose dipropionate and the like.  Among these, cellulose triacetate is particularly preferred.
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Many cellulose triacetate products are commercialy available, and it is advantageous also in

terms of availability and cost. Examples of commercially available cellulose triacetate are
"UV-50", "UV-80", "SH-80", "TD-80U", "TD-TAC" and "UZ- TAC " manufactured by
FUJIFILM Corporation, "KC series’ manufactured by Konica Minolta, Inc. and the like.

[0129]

The cyclic polyolefin resin is a generic name of resins to be polymerized with a cyclic
olefin as a polymerized unit, and the resins disclosed in Japanese Unexamined Patent
Application Publications Nos. H1-240517, H3-14882, H3-122137 and the like may be used.
Specific examples are cyclic olefin ring-opening (co)polymer, addition polymers of cyclic ol€fin,
cyclic olefin and a-olefin such as ethylene and propylene, and a copolymer of them (typically,
random copolymer), a graft polymer produced by denaturing them with unsaturated carboxylic
acids or their derivatives, their hydrides and the like.  Specific examples of the cyclic olefin are
norbornene-based monomers.

[0130]

As the cyclic polyolefin resin, various products are commercialy available. Specific
examples are the trade names "ZEONEX" and "ZEONOR" manufactured by Nippon Zeon
product name Co., Ltd., the trade name "Arton" manufactured by JSR Corporation, the trade
name "TOPAS' manufactured by Polyplastics Co., Ltd., and the trade name "APEL"
manufactured by Mitsui Chemicals Co., Ltd..

[0131]

As the methacrylate resin that is used for producing the optical film 16, other than the
film according to the present invention, any appropriate methacrylate resin can be used within a
range which does not impair the effects of the present invention. Examples are polymethacrylic
acid esters such as polymethylmethacrylate, methyl methacrylate - (meth)acrylic acid copolymer,
methyl methacrylate - (meth) acrylic acid ester copolymer, methyl methacrylate - acrylic acid
ester - (meth)acrylic acid copolymer, methyl (meth) acrylate - styrene copolymer (MS resin),
polymers having an aicyclic hydrocarbon group (e.g., methyl methacrylate - cyclohexyl
methacrylate copolymer, a methyl methacrylate - (meth) norbornyl acrylate copolymer and the
like.

[0132]

Specific examples of the methacrylate resin that is used for producing the optical film
16, other than the film according to the present invention, are Acrypet VH and Acrypet VRL20A
manufactured by Mitsubishi Rayon Co., Ltd., the acrylate resin produced by copolymerization of

methyl methacrylate and a maleimide-based monomer which is disclosed in Japanese
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Unexamined Patent Application Publication No. 2013-033237 and International Publication

Number WO02013/005634, the acrylate resin having a ring structure in molecules which is
disclosed in International Publication Number W02005/108438, the methacrylate resin having a
ring structure in molecules which is disclosed in Japanese Unexamined Patent Application
Publication No. 2009-197151, the methacrylate resin with a high glass transition temperature
(Tg) obtained by intramolecular cross-link or intramolecular cyclization reaction and the like.
[0133]

As the methacrylate resin that is used for producing the optical film 16, other than the
film according to the present invention, a methacrylate resin having a lactone ring structure may
be also used. Because it has high heat resistance, high transparency, and high mechanical
strength after biaxialy stretched.

[0134]

As the above-described methacrylate resin having a lactone ring structure, the
methacrylate resin having a lactone ring structure which is disclosed in Japanese Unexamined
Patent Application Publications Nos. 2000-230016. 2001-151814, 2002-120326, 2002-254544,
2005-146084 and the like may be used.

[0135]

The polarizing plate according to the present invention can be used for an image display
device. Specific examples of the image display device are self-luminous display devices such
as an electroluminescence (EL) display, a plasma display (PD) and a field emission display
(FED: Field Emission Display) and liquid crystal display devices. The liquid crystal display
device includes a liquid crystal cell and the above-described polarizing plate that is disposed at
least on one side of the liquid crystal cell. At this time, the polarizer protective film according
to the present invention is preferably placed at least on the liquid crystal cell side of the
polarizing plate.

Examples
[0136]

The present invention is described hereinafter in detail by using examples and
comparative examples; however, the present invention is not limited to the following examples.
Note that physical property values were measured in the following way.

[0137]
(Polymerization conversion rate)
Inert CAP 1 (df = 0.4pm, 1.D. = 0.25mm, length = 60m) manufactured by GL Sciences

Inc. was connected as a column to the gas chromatograph GC-14A manufactured by Shimadzu
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Corporation, and measurement was performed by setting injection temperature to 180°C, setting

a detector temperature to 180°C, raising a column temperature from 60° (kept for 5 minutes) up
to 200°C at a temperature increase rate of 10°C/min and then leaving it for 10 minutes, and a
polymerization conversion rate was cal cul ated based on those resullts.

[0138]

(Weight-average molecular weight (Mw), Number-average molecular weight (Mn),
Molecular-weight distribution)

For Mw of the methacrylate resin obtained in each production examples, examples and
comparative examples and the polycarbonate resin, Mn of the phenoxy resin and the
molecular-weight distribution of each resin, the chromatogram was calculated by gel permeation
chromatography (GPC) under the following conditions, and values converted into the molecular
weight of standard polystyrene were calculated. A baseline was a line that connects a point at
which the slope of a peak on the high molecular side in the GPC chart changes from zero to plus
when viewed from the earlier retention time and a point at which the slope of a peak on the low
molecular side in the GPC chart changes from minus to zero when viewed from the earlier
retention time.

GPS device: HLC-8320 manufactured by Tosoh Corporation

Detector: differential refractive index detector

Column: two of TSKgel SuperMultipor e HZM-M and Super HZ4000 were connected in series.
Eluent: tetrahydrofuran

Eluent flow rate: 0.35ml /min

Column temperature: 40°C

Cdlibration curve: prepared using data of 10 standard polystyrenes

[0139]

(Triad syndiotacticity (rr))

The 'H-NMR spectrum of a methacrylate resin was measured 64 times in total at room
temperature by using a nuclear magnetic resonator (ULTRA SHIELD 400 PLUS manufactured
by Bruker Co.) and using deuterated chloroform as asolvent. The area (X) of aregion with 0.6
to 0.95 ppm and the area (Y) of a region with 0.6 to 1.35 ppm when TMS was Oppm were
measured from the spectrum, and then the triad syndiotacticity (rr) was calculated by the
formula: (X/Y)x100.

[0140]
(Glass transition temperature Tg)

For the methacrylate resin, the phenoxy resin, the polycarbonate resin and the



10

15

20

25

30

34
methacrylate resin composition, the DSC curve was measured using a differential scanning

calorimeter (DSC-50 (part number) manufactured by Shimadzu Corporation) in compliance with
JIS K7121 under the conditions that the temperature was raised to 230°C for the first time, then
cooled down to a room temperature, and then raised from a room temperature to 230°C at arate
of 10°C/min for the second time. A midpoint glass transition temperature calculated from the
DSC curve measured at the second-time temperature rise was set as the glass transition
temperature in the present invention.

[0141]

(Thermogravimetric reduction rate)

A thermogravimetric reduction rate when the methacrylate resin composition was
heated to 290°C and left for 30 minutes under the air atmosphere was measured using a
thermogravimetric measurement device (TGA-50 manufactured by Shimadzu Corporation), and
pyrolysis resistance was eval uated.

[0142]
(Mélt volume flow rate (MFR))

The polycarbonate resin was measured at 300°C and 1.2kg load for 10 minutes in
compliance with JIS K7210.
[0143]

(Strength of unstretched film)

The state where dslight tension was applied to the unstretched film obtained in each
example and comparative example by holding both ends of the film by hand was evaluated.

A: Thefilm remained unchanged, and the original state was maintained

B: The film was fragile and cracked
[0144]

(Surface smoothness)

The surface of the unstretched film, the biaxialy-stretched film obtained in each
example and comparative example was visually observed, and the surface smoothness was
evaluated by the following criteria.

A: The surface was smooth

B: The surface wasirregular
[0145]

(Heat shrinkage rate)
A test piece was cut out from the biaxially-stretched film obtained in each example and

comparative example, a straight line with a length of 70 mm was drawn on its surface, and then
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the test piece was heated for 30 minutes in a forced hot-air circulation type thermostatic oven

maintained at a temperature of 110°C, and then the length L(mm) of the drawn straight line was
measured by a scale, and a heat shrinkage rate was calculated by the following equation;

Heat shrinkage rate (%) = (70-L)/70x100
[0146]

(Tota light transmittance)

A test piece was cut out from the biaxially-stretched film obtained in each example and
comparative example, and the total light transmittance thereof was measured using a haze meter
(HM-150 manufactured by Murakami Color Research Laboratory Ltd.) in compliance with
JISK7361-1. For the evaluation of the methacrylate resin composition, a molded article with a
thickness of 3.2 mm was formed by heat press, and the total light transmittance was measured in
the same manner.

[0147]
(Haze)

A test piece was cut out from the biaxially-stretched film obtained in each example and
comparative example, and the haze thereof was measured using a haze meter (HM-150
manufactured by Murakami Color Research Laboratory Ltd.) in compliance with JISK7136.
For the evaluation of the methacrylate resin composition, a molded article with a thickness of 3.2
mm was formed by heat press, and the haze was measured in the same manner.

[0148]
(Phase difference in thickness direction (Rth))

A test piece of 40mmx40mm was cut out from the biaxially-stretched film obtained in
each example and comparative example. In this test piece, three-dimensional refractive indices
Nk, Ny and n; were calculated from a phase difference value with a wavelength of 590nm and a
slope of 40° at a temperature of 23+2°C and humidity of 50+5%, using an automatic
birefringence meter (KOBRA-WR manufactured by Oji Measurement Ltd.), and then a phase
difference in the thicknes direction Rth=((nx+ny)/2-nz)xd was calculated. A thickness d(nm) of
the test piece was measured using a digimatic indicator (manufactured by Mitutoyo
Corporation), and an refractive index n was measured using a digital precision refractometer
(KPR-200 manufacrured by Kalnew Optical Industry Co., Ltd.).

[0149]
(In-plane phase difference (Re))
A test piece of 40mmx40mm was cut out from the biaxially-stretched film obtained in

each example and comparative example. In this test piece, the in-plane phase difference Re
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was measured at a temperature of 23+2°C and humidity of 50+5%, using an automatic

birefringence meter (KOBRA-WR manufactured by Oji Measurement Ltd.).
[0150]
(Stretching properties)

When biaxialy-stretching the unstretched film obtained in each example and
comparative example, stretching properties were evaluated by the following criteria:

A: Films with no splits or cracks were obtained at a rate of 5 samples or more out of 10
samples

B: Films with no splits or cracks were obtained at a rate of 4 samples or less out of 10
samples
[0151]

(Adhesive properties)

Adhesiveness between the polarizer protective film and the adhesive layer in the
polarizing plate obtained in each example and comparative example was evaluated by the
following criteria. In those criteria, the occurrence of material failure in the adhesive layer
indicates that adhesiveness between the polarizer protective film and the adhesive layer is high.
The polarizer protective film and the polarizer of the produced polarizing plate were pulled at a
rate of 250 mm/minute by an autograph, and 90-degree peel test was conducted. Determination
was made by the following criteria

A: Films where materia failure occurred in the adhesive layer were obtained at a rate of
5 samples or more out of 10 samples.

B: Films where material failure occurred in the adhesive layer were obtained at a rate of
4 samples or less out of 10 samples
[0152]

(Production example 1)

The inside of a 5L glass reaction container with a stirring blade and a three-way cock
was substituted with nitrogen. Then, 1600g of toluene, 2.49g (10.8mmol) of
1,1,4,7,10,10-hexamethyltriethylenetetramine, 53.5g (30.9mmol) of toluene solution containing
isobutylbis (2,6-di-t-butyl-4-methylphenoxy) aluminum with a concentration of 0.45M, and
6.17g (10.3mmol) of a solution (solvent: 95 mass% of cyclohexane, 5 mass% of n-hexane)
containing sec-butyllithium with a concentration of 1.3M were incorporated thereinto at room
temperature. After that, 550g of methyl methacrylate purified by distillation fall in drops at
-20°C for 30 minutes while being agitated. After dropping, it was stirred for 180 minutes at

-20°C. The color of the solution changed from yellow to colorless. A conversion rate of
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methyl methacrylate at this time was 100%.

1500g of toluene was added to the obtained solution and diluted.  After that, the diluted
solution was poured into 100kg of methanol to obtain a precipitate. The obtained precipitate
was dried at 80°C and 140Pa for 24 hours, and consequently the methacrylate resin [PMMA1]
with Mw of 96100, molecular weight distribution of 1.07, syndiotacticity (rr) of 83%, glass
transition temperature of 133°C and a proportion of structural units originating from methyl
methacrylate of 100 mass% was obtai ned.

[0153]
(Production example 2)

The inside of a 5L glass reaction container with a stirring blade and a three-way cock
was substituted with nitrogen. Then, 1600g of toluene, 2.49g (10.8mmol) of
1,1,4,7,10,10-hexamethyltriethylenetetramine, 53.5g (30.9mmol) of toluene solution containing
isobutylbis (2,6-di-t-butyl-4-methylphenoxy) aluminum with a concentration of 0.45M, and
6.17g (10.3mmol) of a solution (solvent: 95% of cyclohexane, 5% of n-hexane) containing
sec-butyllithium with a concentration of 1.3M were incorporated thereinto at room temperature.
After that, 550g of methyl methacrylate purified by distillation fall in drops at 20°C for 30
minutes while being agitated. After dropping, it was stirred for 90 minutes at 20°C.  The color
of the solution changed from yellow to colorless. A polarization conversion rate of methyl
methacrylate at this time was 100%.

1500g of toluene was added to the obtained solution and diluted.  After that, the diluted
solution was poured into 100kg of methanol to obtain a precipitate. The obtained precipitate
was dried at 80°C and 140Pa for 24 hours, and consequently the methacrylate resin [PMMAZ2]
with Mw of 81400, molecular weight distribution of 1.08, syndiotacticity (rr) of 73%, glass
transition temperature of 131°C and a content of structural units originating from methyl
methacrylate of 100 mass% was obtai ned.

[0154]
(Production example 3)

The inside of an autoclave with a stirring blade and a sampling tube was substituted
with nitrogen. Then, 100 parts by mass of purified methyl methacrylate, 0.0052 parts by mass
of 2,2-azobis (2-methyl-propionitrile (hydrogen abstraction ability: 1%, 1-hour half-life
temperature: 83°C), and 0.225 parts by mass of n-octyl mercaptan were entered into it and stirred
to obtain araw materia liquid. Nitrogen was fed to the raw materia liquid to remove dissolved
oxygen in the raw material liquid.

The raw materia liquid was added to two-thirds of the capacity of a vessel type reactor
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connected to the autoclave through a pipe. Maintaining the temperature at 140°C,

polymerization reaction was initiated in a batch manner first. When the polarization conversion
rate reached 55 mass%, the raw materia liquid was supplied from the autoclave to the vessel
type reactor at a flow rate with an average residence time of 150 minutes, and the reaction
solution was extracted from the vessel type reactor at a flow rate corresponding to the supply
flow rate of the raw materia liquid, and then the polymerization reaction was switched to
continuous flow reaction, maintaining the temperature at 140°C. After switching, the
polarization conversion rate in the steady state was 55 mass.

[0155]

The reaction solution to be poured out of the vessel type reactor in the steady state was
supplied to a multitubular heat exchanger with an interna temperature of 230°C at a flow rate
with an average residence time of 2 minutes and warmed. Then, the warmed reaction mixture
was introduced into a flash evaporator to remove volatile matter composed mainly of unreacted
monomers, to obtain a molten resin.  The resin from which volatile matter was removed was
supplied to a twin screw extruder with an internal temperature of 260°C and discharged in a
strand form, then cut with a pelletizer, and thereby methacrylate resin [PMMAZ3] in the form of
pellets with Mw of 103600, molecular weight distribution of 1.81, syndiotacticity (rr) of 52%,
glass transition temperature of 120°C and a content of structural units originating from methyl
methacrylate of 100 mass% was obtai ned.

[0156]
(Production example 4)

57 parts by mass of methacrylate resin [PMMAZ2] and 43 parts by mass of methacrylate
resin [PMMAZ3] were combined, and then kneaded and extruded at 250°C by a twin screw
extruder (trade name: KZW2 O0OTW-45MG-NH-600, manufactured by TECHNOVEL
Corporation), and thereby methacrylate resin [PMMAA4] was produced.

[0157]

SUMIPEX MHF (manufactured by Sumitomo Chemical Co., Ltd.) was used as
methacrylate resin [PMMADJ5].
[0158]

Poly(N-cyclohexyl maleimide-co-methyl methacrylate) of LG PMMA IH830HR
(manufactured by LG MMA Corporation) was used as methacrylate resin [PMMAG].

[0159]

Table 1 shows the physical properties of the above-described [PMMA1] to [PMMAG].
[0160]
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Methacrylate

resin

PMMA1

PMMAZ2

PMMA3

PMMA4

PMMAS

PMMAG

MMA unit
[wi%)]

100

100

100

100

98.7

93.5

Weight-average
molecular

weight [g/mol]

96,100

81,400

103,600

88,600

86,600

97,000

Molecular
weight
distribution

1.07

1.08

1.81

1.32

1.78

211

rr [%0]

83

73

52

62

46

57

Glass transition
temperature
[°C]

133

131

120

126

116

125

[0161]

The phenoxy resins used are shown below, and the physical properties are shown in

Table 2.

Phenoxy1:
Chemical Co., Ltd.

Phenoxy?2

Chemical Co., Ltd.

Phenoxy3
Inc.
[0162]
Table 2

YP-50S (product number), manufactured by Nippon Steel & Sumikin

: YP-50 (product number), manufactured by Nippon Steel & Sumikin

: PKFE (product number), manufactured by International Chemical Industries,

Phenoxy resin

Phenoxyl

Phenoxy?2

Phenoxy3

Number-average

molecular weight

[g/mol]

22,000

19,600

16,000

Molecular weight
distribution

25

4.64

3.75

Glass transition

95.6

95.6

98
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temperature [°C]

[0163]

The polycarbonate resins used are shown below, and the physical properties are shown
in Table 3.

PC1: Calibre 301-40 (product number), MVR (300° C., 1.2 Kg)=40 cm*10 min,
manufactured by Sumika Styron Polycarbonate Limited

PC2: lupilon HL-4000 (product number), MVR (300° C., 1.2 Kg)=60 cm®10 min,
manufactured by Mitsubishi Engineering-Plastics Corporation

PC3: SD POLYCA TR-2001 (product number), MVR (300° C., 1.2 Kg)=200 cm®/10
min, manufactured by Sumika Styron Polycarbonate Limited

PC4: SD POLY CA SD-2201 W (product number), MVR (300° C., 1.2 Kg)=115 cm*/10
min, manufactured by Sumika Styron Polycarbonate Limited

[0164]

Table 3

Polycarbonate resin PC1 PC2 PC3 PC4
MVR 40 60 200 115
Weight-average molecular weight [g/mol] 33,300 28,100 22,100 27,200
Molecular weight distribution 191 191 1.81 19
Viscosity-average molecular weight 16,200 15,100 11,400 13,000
Glass transition temperature [°C] 148 145 141 144

[0165]

The polymeric processing aids used are shown below. MMA refers to a structural unit
originating from methyl methacrylate, and BA refers to a structural unit originating from butyl
acrylate.

B1: Metablen PS50A (average degree of polymerization: 7734, MMA88 mass% / BA12
mass%), manufactured by Mitsubishi Rayon Co., Ltd.

B2: Paraloid K125P (average degree of polymerization: 19874, MMA79 mass% / BA21
mass%), manufactured by Kureha Corporation
[0166]

As the ultraviolet absorber, 2,4,6-tris (2-hydroxy-4-hexyloxy-3-methylphenyl)
-1,3,5-triazine (LA-F70, manufactured by ADEKA Corporation) was used.

[0167]
<Example 1>
100 parts by mass of methacrylate resin [PMMA4], 2.8 parts by mass of phenoxy resin
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[Phenoxyl], 1 part by mass of polycarbonate resin [PC1], and 2.1 parts by mass of processing

aid [B1] were combined, and then kneaded and extruded at 250°C by a twin screw extruder
(trade name: KZW2 0TW-45M G-NH-600, manufactured by TECHNOVEL Corporation), and
thereby a methacrylate resin composition [1] was produced. The obtained methacrylate resin
composition [1] was molded by heat press into a platelike molded article of
50mmx50mmx3.2mm, and the total light transmittance, the haze, and the glass transition
temperature were measured.  Further, the thermogravimetric reduction rate of the methacrylate
resin composition [1] was measured. The physical properties of the methacrylate resin
composition [1] are shown in Table 4.

[0168]

The methacrylate resin composition [1] was dried at 80°C for 12 hours. Using a
20mme single screw extruder (manufactured by OCS, Inc.), at a resin temperature of 260°C, the
methacrylate resin composition [1] was extruded from a T-die of 150 mm in width, it was taken
off by aroll with a surface temperature of 85°C, and thereby an unstretched film with awidth of
110 mm and a thickness of 160 um was obtained. The evaluation results of surface smoothness
and strength of the produced unstretched film are shown in Table 4.

[0169]

The unstretched film obtained by the above technique was cut into pieces of 100 mm x
100 mm, sequentially biaxially stretched at a stretching temperature of a glass transition
temperature +10°C, a stretching rate of 1000 %/min in one direction, and a stretching factor of
200% (4 times in area ratio) for 10 seconds by a pantograph type biaxial stretching tester
(manufactured by Toyo Seiki Seisaku-Sho, Ltd.), and then rapidly cooled down by bringing it to
room temperature, and thereby a biaxially-stretched film with a thickness of 40 pm was obtained.
The measurement results of surface smoothness, heat shrinkage rate, total light transmittance,
haze, stretching properties and phase differences (Re, Rth) of the obtained biaxialy-stretched
film are shown in Table 4.

[0170]
<Examples 2 to 10, Comparative examples 1 to 9>

Methacrylate resin compositions [2] to [19] were produced by the same method asin the
example 1 except that the composition was varied as shown in Tables 4 and 5, and measured.
The physical properties of the methacrylate resin compositions [2] to [19] are shown in Tables 4
and 5.

Unstretched films and biaxially-stretched films were obtained in the same method as in
the example 1 except that the methacrylate resin compositions [2] to [19] were used instead of
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the methacrylate resin composition [1]. The evaluation results are a'so shown in Tables 4 and

5.
[0171]
<Production of polarizer and adhesive used for evaluation of adhesion properties>

A polyvinyl acohol film with an average polymerization degree of 2400, a
saponification degree of 99.9 mol% and a thickness of 75 um was immersed in a worm water at
30°C for 60 seconds to be swollen. Then, it was dyed in a 0.3 wt% (weight ratio of iodine/
potassium iodide=0.5/8) of iodine solution at 30°C for 1 minute, and thereby stretched to 3.5
times. Then, it was immersed in a 4 wt% of boric-acid solution at 65°C for 0.5 minute, and
thereby stretched to 6 timesin total. After stretching, it was dried for 3 minutes by an oven at
70°C, and thereby a polarizer with a thickness of 22 pm was obtained.

[0172]

38.3 parts by mass of N-hydroxyethyl acrylamide (Kohjin Co., Ltd.), 19.1 parts by mass
of tripropylene glycol diacrylate (trade name: Aronix M-220, manufactured by Toagosel Co.,
Ltd.), 38.3 parts by mass of acryloyl morpholine (Kohjin Co., Ltd.), and 1.4 parts by mass of
photopolymerization initiator (trade name: KAYACURE DETX-S, diethyl thioxanthone,
manufactured by Nippon Kayaku Co., Ltd.) were mixed and stirred at 50°C for 1 hour, and
thereby an active energy ray curable adhesive was obtained.

[0173]

Corona discharge treatment was performed on the biaxially-stretched film (which is
referred to as "film a') that is obtained in the examples and comparative examples. The
above-described active energy ray curable adhesive was applied onto the corona-treated surface
of the film a so that the thickness after drying became 500 nm, thereby forming the adhesive
layer.

In order to evaluate the adhesion strength, the film a was superimposed on one side of
the polarizer, with the adhesive layer facing the polarizer, by using a compact laminating
machine. It was then warmed to 50°C from both sides by using an IR heater, and ultraviolet
light with irradiation of 1000mJcm? was applied to both sides to cure the active energy ray
curable adhesive, thereby obtaining a polarizer where the film awas laminated on one side of the
polarizer.

The obtained polarizing plate was cut out into pieces of 100 mm x 10 mm, and adhesion
properties were evaluated. The results are shown in Tables 4 and 5.

[0174]
Table 4



Example

10

Methacrylate resin

composition

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

PMMA1

[parts by mass]

100

PMMAZ2

[parts by mass]

100

PMMAS

[parts by mass]

PMMA4

[parts by mass]

100

100

100

100

100

100

100

100

PMMAS

[parts by mass]

PMMAG

[parts by mass]

Phenoxyl

[parts by mass]

2.8

1.9

2.8

15

4.2

4.2

4.2

4.2

1.3

Phenoxy?2

[parts by mass]

4.2

Phenoxy3

[parts by mass]

PC1

[parts by mass]

1.0

1.6

1.0

1.0

11

PC2

[parts by mass]

PC3

[parts by mass]

PC4

[parts by mass]

Processing aid B1

[parts by mass]

21

21

21

21

Processing aid B2




[parts by mass]

UV absorber [parts
0.1 01| 01 0.9
by mass|
Methacrylate resin
composition
evaluation result
Total light
. 92 | 92 | 92 | 92 | 92 92 92 92 92 92
transmittance [%0]
Haze [%0] 0202 ,02|03|03]| 03 0.3 0.3 0.3 0.3
Thermogravimetric
_ 10 | 13 | 10 | 15 6 6 6 6 6 15
reduction rate [%0]
Glass  transition
124 | 125 | 124 | 124 | 123 | 123 123 128 130 123
temperature [°C]
Unstretched film
evauation result
Strength A A A A A A A A A A
Surface
A A A A A A A B B B
smoothness
Biaxially-stretched
film evauation
result
Stretched film
40 | 40 | 40 | 40 | 40 40 40 40 40 40
thickness [pm]
Surface
A A A A A A A B B A
smoothness
Heat shrinkage rate
10,09 |11| 11| 15 16 1.7 0.8 0.6 12
[%0]
Rth [nm] 04 | 06|04 |-55| 66| 42 4.2 4.4 44 | -12.0
Re [nm] 02 02|02|04|05| 04 0.5 0.5 0.4 0.4
Total light
. 92 | 92 | 92 | 92 | 92 92 92 92 92 92
transmittance [%0]
Haze [%0] 0101 |01]|02|02] 02 0.2 0.2 0.2 0.2
Stretching A A A A A A A B B A
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properties

Stretching

temperature

Tg+
10

Tg+
10

Tg+
10

Tg+
10

Tg+
10

Tg+10

Tg+10

Tg+10

Tg+10

Tg+10

Adhesion

properties

[0175]
Table5

Comparative example

4

5

6

Methacrylate resin

composition

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

PMMA1

[parts by mass]

PMMA?2

[parts by mass]

100

PMMAS

[parts by mass]

100

100

PMMA4

[parts by mass]

100

100

100

PMMAS

[parts by mass]

100

PMMAG

[parts by mass]

100

100

Phenoxyl

[parts by mass]

33.3

100

4.2

Phenoxy?2

[parts by mass]

Phenoxy3

[parts by mass]

PC1

[parts by mass]

PC2

[parts by mass]
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PC3

[parts by mass]

2.8

PC4

[parts by mass]

31

Processing aid Bl

[parts by mass]

Processing aid B2

[parts by mass]

UV absorber
[parts by mass]

Methacrylate resin
composition

evaluation result

Total light

transmittance [%0]

91

90

92

92

92

92

92

92

92

Haze [ %]

04

15

0.2

0.2

0.3

0.2

0.3

0.2

0.3

Thermogravimetric

reduction rate [%0]

71

57

65

61

14

Glass transition

temperature [°C]

118

106

131

120

116

125

116

124

122

Unstretched film

evaluation result

Strength

Surface

smoothness

Biaxially-stretched
film evaluation

result

Stretched film
thickness [um]

40

40

40

40

40

40

40

40

40

Surface

smoothness

Heat shrinkage rate

35

7.0

04

2.8

4.0

0.9

4.1

1.0

2.2
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[%]

Rth [nm] 136.0 | 2842 | -158 | -154 | 44 0.9 4.3 -10.2 5.6
Re [nm] 40 | 44 | 07 | -06 | 05 | 23 | 03 | -1.0 | 04
Total light

_ 91 90 92 92 92 92 92 92 92
transmittance [%0]

Haze [ %] 0.2 0.4 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Stretching

_ A A B B A A B B B
properties
Stretching Tg+ Tg+ Tg+ Tg+ Tg+ Tg+ Tg+ Tg+ Tg+
temperature 10 10 10 10 10 10 10 10 10
Adhesion

. A A B B A B B A A
properties
[0176]

The examples and comparative examples show that, because of using the methacrylate
resin with atriad syndiotacticity (rr) of 58% or more and the phenoxy resin, the transparency of a
methacrylate resin composition and a film to be obtained is high, adhesion properties are good,
and phase differences in the thickness direction are small.

Further, by containing methacrylate resin where the triad syndiotacticity (rr) is between
58% to 72%, the weight-average molecular weight is 60000 to 200000, and the content of
structural units originating from methacrylate resin is 92 mass% or more, the heat resistance is
higher to be highly resistant to shrinkage and further the stretching properties become better.

Further, because the film according to the present invention has good stretching
properties, it is possible to obtain a thinner film of 40 um or less by stretching. Furthermore,
because a polarizing plate to be produced has good adhesion properties, it is suitable for
preparing a polarizing plate that is not likely to peel off and has high durability.
[0177]

This application is based upon and claims the benefit of priority from Japanese patent
application No. 2014-231756, filed on November 14, 2014, the disclosure of which is

incorporated herein in its entirety by reference.

Reference SignsList
[0178]

11 POLARIZER
12 ADHESIVE LAYER




13
14
15
16
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ADHESIVE ENHANCEMENT LAYER

POLARIZER PROTECTIVE FILM
ADHESIVE LAYER
OPTICAL FILM
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CLAIMS

1. A methacrylate resin composition containing a methacrylate resin with a triad
syndiotacticity (rr) of equal to or more than 58% and a phenoxy resin, wherein

content of the phenoxy resin per 100 parts by mass of the methacrylate resin is within
arange of 0.1 to 8 parts by mass, and total content of the methacrylate resin and the phenoxy

resin is equal to or more than 80 masso.

2. The methacrylate resin composition according to Claim 1, wherein

in the methacrylate resin, content of at least one structural unit selected from a group
consisting of a lactone ring unit, a maleic anhydride unit, a glutaric acid anhydride unit, a
glutarimide unit, an N-substituted maleimide unit, and a tetrahydropyran ring structure unit is

equal to or lessthan 0.1 mass%o.

3. The methacrylate resin composition according to Claim 1 or 2, wherein

the methacrylate resin has a weight-average molecular weight of 60000 to 200000, and
content of structural units originating from methyl methacrylate is equal to or more than 92
masso.

4. The methacrylate resin composition according to any one of Claims 1 to 3, further
containing a polycarbonate resin, wherein
content of the polycarbonate resin per 100 parts by mass of the methacrylate resin is

within arange of 0.1 to 8 parts by mass.

5. The methacrylate resin composition according to any one of Claims 1 to 4, wherein
in the methacrylate resin, content of structural units originating from methyl

methacrylate is equal to or more than 99 mass.

6. The methacrylate resin composition according to any one of Claims 1 to 5, wherein

anumber-average molecular weight of the phenoxy resin is 10000 to 50000.

7. The methacrylate resin composition according to any one of Claims 4 to 6, wherein

aweight-average molecular weight of the polycarbonate resin is 15000 to 28000.
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8. A molded article consisting of the methacrylate resin composition according to any

oneof Clams1to?7.

9. A film consisting of the methacrylate resin composition according to any one of

Clams1to?7.

10. The film according to Claim 9, wherein a thickness is 10 to 50 pm.

11. The film according to Claim 9 or 10, wherein the film is uniaxialy stretched or
biaxialy stretched to 1.5 to 8 timesin arearatio.

12. A polarizer protective film or a phase difference film consisting of the film

according to any one of Claims 9 to 11.

13. A polarizing plate wherein at least one of the polarizer protective film or the phase

difference film according to Claim 12 is laminated.



