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(57) ABSTRACT

A copolymer for improving heat resistance of a methacrylic
resin which can achieve preservation of excellent transpar-
ency of the methacrylic resin and improvement in heat resis-
tance, and can provide a molded product having excellent
appearance, by adding the copolymer to the methacrylic
resin, is provided. According to the present invention, a
copolymer for improving heat resistance of a methacrylic
resin, including: 45 to 85 mass % of an aromatic vinyl mono-
mer unit; 5 to 45 mass % of a (meth)acrylic acid ester mono-
mer unit; and 10 to 20 mass % of an unsaturated dicarboxylic
acid anhydride monomer unit; wherein the copolymer has a
total light transmittance of 88% or more, the total light trans-
mittance being measured in accordance with ASTM D1003
for a sample with 2 mm-thickness, is provided.
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COPOLYMER FOR IMPROVING
METHACRYLIC RESIN HEAT RESISTANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is national stage of International
Application No. PCT/JP2013/070484, filed Jul. 29, 2013,
which claims the benefit of priority to Japanese Application
No. 2012-168675, filed Jul. 30, 2012, in the Japanese Patent
Office. All disclosures of the documents named above are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a copolymer for
improving heat resistance of a methacrylic resin, a resin com-
position of the copolymer for improving heat resistance of the
methacrylic resin and a methacrylic resin, and a molded body
made from the resin composition.

[0004] 2. Description of the Related Art

[0005] Transparent resin is used for various purposes
including parts of consumer electronics, a food container, and
general goods. Recently, from the viewpoint of light weight,
productivity, and cost, transparent resin has been used fre-
quently as a retardation film, a polarizing film protecting film,
an antireflection film, a diffusion board, and a light guide
plate; which are used in thin liquid crystal display for substi-
tuting cathode-ray tube TV monitors or optical parts of elec-
troluminescence elements.

[0006] For optical application, methacrylic resin has been
widely used. Here, methacrylic resin is superior in optical
characteristics such as transparency and the like, however, it
is inferior in heat resistance and the like, and thus the appli-
cation of methacrylic resin was limited.

[0007] As the resin having improved heat resistance, a
copolymer resin obtained by copolymerizing methyl meth-
acrylate, maleic anhydride, and styrene has been known (for
example, Patent Literature 1).

[0008] In addition, a copolymer resin obtained by a copo-
lymerizing aromatic vinyl monomer, meth(acrylic) acid ester
monomer, and at least one of unsaturated dicarboxylic acid
imide derivative and unsaturated dicarboxylic acid anhydride
monomer (for example, Patent Literature 2).

CITATION LIST

Patent Literature

[Patent Literature 1] JP S57-153008A

[Patent Literature 2] WO 2009/031544
SUMMARY OF THE INVENTION

Technical Problem

[0009] The resin disclosed in Patent Literature 1 is superior
in heat resistance compared with the methacrylic resin. How-
ever, the resin of Patent Literature 1 is inferior in heat stability,
and thus tends to suffer so-called molding defects such as
silver streak, gas burning, coloring, and air voids during
molding. Therefore, the application of the resin was limited.
[0010] The resin disclosed in Patent Literature 2 is superior
in heat resistance, however, it is inferior in moldability.
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Therefore, molding defects such as flow marks and coloring
tend to occur, resulting in limited application.

[0011] The present invention has been made by taking the
afore-mentioned circumstances into consideration. The
present invention provides a copolymer for improving heat
resistance of a methacrylic resin which can achieve preserva-
tion of excellent transparency of the methacrylic resin,
improvement in heat resistance, and a molded product having
excellent appearance, by adding a specified amount of the
copolymer to the methacrylic resin.

Solution to Problem

[0012]

(1) A copolymer for improving heat resistance of a meth-
acrylic resin, comprising:

The present invention is summarized as follows.

[0013] 45to 85 mass % of an aromatic vinyl monomer unit;
[0014] 5 to 45 mass % of a (meth)acrylic acid ester mono-
mer unit; and

[0015] 10 to 20 mass % of an unsaturated dicarboxylic acid

anhydride monomer unit; wherein the copolymer has a total
light transmittance of 88% or more, the total light transmit-
tance being measured in accordance with ASTM D1003 for a
sample with 2 mm-thickness.

(2) The copolymer of (1), comprising:
[0016] 50 to 80 mass % of the aromatic vinyl monomer
unit;

[0017] 8to38mass % ofthe (meth)acrylic acid ester mono-
mer unit; and
[0018] 12to 18 mass % ofthe unsaturated dicarboxylic acid

anhydride monomer unit.

(3) The copolymer of (1) or (2), wherein the weight average
molecular weight (Mw) of the copolymer is 10x10* to
20%10%.

(4) A resin composition, comprising:

[0019] 5 to SO mass % ofthe copolymer of any one of (1) to
(3); and
[0020] 50 to 95 mass % of a methacrylic resin.

(5) The resin composition of (4), wherein the methacrylic
resin comprises:

[0021] 70 to 100 mass % of a meth(acrylic) acid ester
monomer unit; and

[0022]
(6) A molded body comprising a resin composition of (4) or
).

(7) The molded body of (6), being an optical part.

(8) The molded body of (7), being an optical film.

(9) The molded body of (8), being a polarizing film protecting
film, a retardation film, or an antireflection film.

0 to 30 mass % of an aromatic vinyl monomer unit.

Advantageous Effects of Invention

[0023] According to the present invention, a copolymer for
improving heat resistance of a methacrylic resin which can
achieve preservation of excellent transparency of the meth-
acrylic resin and improvement in heat resistance, and can
provide a molded product having excellent appearance, by
adding the copolymer to the methacrylic resin, can be pro-
vided.
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DESCRIPTION OF THE EMBODIMENTS

Explanation of Terms

[0024] Inthe present specification, the description “A to B”
means A or more and B or less.

[0025] Hereinafter, embodiments of the present invention
will be described in detail.

[0026] As the aromatic vinyl monomer unit, units derived
from various styrene-based monomers such as styrene, o-me-
thyl styrene, m-methyl styrene, p-methyl styrene, 2,4-dim-
ethyl styrene, ethyl styrene, p-tert-butyl styrene, c-methyl
styrene, and a-methyl-p-methyl styrene can be mentioned.
Among these, styrene unit is preferable. The aromatic vinyl
monomer unit can comprise one type of these units or can
comprise two or more types of these units.

[0027] As the (meth)acrylic acid ester monomer unit, units
derived from various methacrylic acid ester monomers such
as methyl methacrylate, ethyl methacrylate, n-butyl meth-
acrylate, 2-ethylhexyl methacrylate, dicyclopentanyl meth-
acrylate, and isobornyl methacrylate; and various acrylic acid
ester monomers such as methyl acrylate, ethyl acrylate, n-bu-
tyl acrylate, 2-methylhexyl acrylate, 2-ethylhexyl acrylate,
and decyl acrylate can be mentioned. Among these, methyl
methacrylate unit is preferable. The (meth)acrylic acid ester
monomer unit can comprise one type of these units or can
comprise two or more types of these units.

[0028] As the unsaturated dicarboxylic acid anhydride
monomer unit, units derived from various acid anhydride
monomers such as maleic anhydride, itaconic anhydride, cit-
raconic anhydride, and aconitic anhydride can be mentioned.
Among these, maleic anhydride unit is preferable. The unsat-
urated dicarboxylic acid anhydride monomer unit can com-
prise one type of these units or can comprise two or more
types of these units.

[0029] The constitutional units of the copolymer according
to the present invention is 45 to 85 mass % of the aromatic
vinyl monomer unit, 5 to 45 mass % of the (meth)acrylic acid
ester monomer unit, and 10 to 20 mass % of the unsaturated
dicarboxylic acid anhydride monomer unit. Preferably, the
constitutional units of the copolymer is 50 to 80 mass % ofthe
aromatic vinyl monomer unit, 8 to 38 mass % of the (meth)
acrylic acid ester monomer unit, and 12 to 18 mass % of the
unsaturated dicarboxylic acid anhydride monomer unit.
[0030] Preferable content of the aromatic vinyl monomer
unit is 85 mass % or less, since the effect of providing heat
resistance to the methacrylic resin can be improved; and 80
mass % or less, since the effect of providing heat resistance
can be further improved. Preferable content of the meth
(acrylic) acid ester monomer unit is 45 mass % or less, since
the heat stability can be improved and a molded product
having a superior appearance can be obtained by molding the
resin composition prepared by formulating the meth(acrylic)
acid ester monomer unit in the methacrylic resin; and 38 mass
% or less, since the heat stability can be further improved and
amolded product having a further superior appearance can be
obtained by molding the resin composition prepared by for-
mulating the meth(acrylic) acid ester monomer unit in the
methacrylic resin. Preferable content of the unsaturated dicar-
boxylic acid anhydride monomer unit is 20 mass % or less,
since the compatibility with the methacrylic resin can be
improved and a resin composition having a superior transpar-
ency and improved heat resistance can be prepared by formu-
lating the unsaturated dicarboxylic acid anhydride monomer
unit in the methacrylic resin; and 18 mass % or less, since the
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compatibility with the methacrylic resin can be further
improved and a resin composition having a further superior
transparency and improved heat resistance can be prepared by
formulating the unsaturated dicarboxylic acid anhydride
monomer unit in the methacrylic resin. On the other hand,
preferable content of the aromatic vinyl monomer unit is 45
mass % or more, since the heat stability can be improved and
a molded product having a superior appearance can be
obtained by molding the resin composition prepared by for-
mulating the aromatic vinyl monomer unit in the methacrylic
resin; and 50 mass % or more, since the heat stability can be
further improved and a molded product having a further supe-
rior appearance can be obtained by molding the resin com-
position prepared by formulating the aromatic vinyl mono-
mer unit in the methacrylic resin. Preferable content of the
meth(acrylic) acid ester monomer unit is 5 mass % or more,
since the compatibility with the methacrylic resin can be
improved and a resin composition having a superior transpar-
ency and improved heat resistance can be prepared by formu-
lating the meth(acrylic) acid ester monomer unit in the meth-
acrylic resin; and 8 mass % or more, since the compatibility
with the methacrylic resin can be further improved and a resin
composition having a further superior transparency and
improved heat resistance can be prepared by formulating the
meth(acrylic) acid ester monomer unit in the methacrylic
resin. In addition, preferable content of the unsaturated dicar-
boxylic acid anhydride monomer unit is 10 mass % or more,
since the compatibility with the methacrylic resin can be
improved, aresin composition having a superior transparency
can be prepared by formulating the unsaturated dicarboxylic
acid anhydride monomer unit in the methacrylic resin, and the
effect of providing heat resistance to the methacrylic resin can
be improved; and 12 mass % or more, since the compatibility
with the methacrylic resin can be further improved, a resin
composition having a further superior transparency can be
prepared by formulating the unsaturated dicarboxylic acid
anhydride monomer unit in the methacrylic resin, and the
effect of providing heat resistance to the methacrylic resin can
be further improved.

[0031] The copolymer of the present invention can contain
a copolymerizable vinyl monomer unit other than the aro-
matic vinyl monomer unit, the (meth)acrylic acid ester mono-
mer unit, and the unsaturated dicarboxylic acid anhydride
monomer unit, by an amount which does not have an adverse
effect to the effect of the present invention. Here, the prefer-
able amount is 5 mass % or less. As an example of the
copolymerizable vinyl monomer unit, units derived from
vinyl cyanide monomers such as acrylonitrile and methacry-
lonitrile; vinyl carboxylic acid monomers such as acrylic acid
and methacrylic acid; N-alkyl maleimide monomers such as
N-methyl maleimide, N-ethyl maleimide, N-butyl maleim-
ide, and N-cyclohexyl maleimide; N-aryl maleimide mono-
mers such as N-phenyl maleimide, N-methylphenyl maleim-
ide, and N-chlorophenyl maleimide can be mentioned. The
copolymerizable vinyl monomer unit can comprise two or
more types of these units.

[0032] The copolymer of the present invention has a total
light transmittance of 88% or more, the total light transmit-
tance being measured in accordance with ASTM D1003 for a
sample with 2 mm thickness. Preferably, the total light trans-
mittance is 89% or more, and more preferably 90% or more.
When the total light transmittance for the sample with 2 mm
thickness is 88% or more, the transparency of the resin com-
position prepared by formulating the copolymer in the meth-



US 2015/0203610 Al

acrylic resin becomes superior. Here, the total light transmit-
tance is a measurement value obtained as follows. First, a
mirror plate having a length of 90 mm, a width of 55 mm, and
a thickness of 2 mm was prepared using an injection mould-
ing machine (IS-50EPN, available from TOSHIBA
MACHINE CO., LTD.), with the molding conditions of a
cylinder temperature of 230° C. and a mold temperature of
40° C. Then, the mirror plate was subjected to the measure-
ment in compliance with ASTM D1003, using a haze meter
(NDH-1001DP, available from NIPPON DENSHOKU
INDUSTRIES CO., LTD.).

[0033] The copolymer of the present invention preferably
has a weight average molecular weight (Mw) of 10x10% to
20x10*. More preferably, the weight average molecular
weight (Mw) is 12x10* to 18x10*. When the weight average
molecular weight (Mw) is too large, there are cases where the
moldability of the resin composition prepared by formulating
the copolymer in the methacrylic resin and the appearance of
the molded product becomes inferior. On the other hand,
when the weight average molecular weight (Mw) becomes
too small, there are cases where the moldability and the
strength of the molded product become inferior. Here, the
weight average molecular weight (Mw) is a value converted
to a molecular weight of polystyrene measured by gel perme-
ation chromatography (GPC). The value measured is
obtained by the following measuring conditions.

Name of Instrument: SYSTEM-21 Shodex (available from
Showa Denko K.K.)

Column: PL. gel MIXED-B, 3 columns connected in series

Temperature: 40° C.

[0034] Detection: differential refractive index

Eluent: tetrahydrofuran

Concentration: 2 mass %

Calibration Curve: standard polystyrene (PS) (available from
Polymer Laboratories [.td) was used for preparation

[0035] The manufacturing method of the copolymer of the
present invention will be described.

[0036] There is no particular limitation regarding the poly-
merization method. Here, the copolymer can be manufac-
tured by known methods such as solution polymerization,
bulk polymerization, and the like; and the solution polymer-
ization is preferable. The solvent used in the solution poly-
merization is preferably nonpolymerizable, since it hardly
produces by-products, and the adverse effect is less. There is
no particular limitation with respect to the type of the solvent.
For example, ketones such as acetone, methyl ethyl ketone,
methyl isobutyl ketone, and acetophenone; ethers such as
tetrahydrofuran and 1,4-dioxane; aromatic hydrocarbons
such as toluene, ethyl benzene, xylene, and chlorobenzene,
can be mentioned. Here, from the viewpoint of the solubility
of the monomers and the copolymer, and the ease to collect
the solvent, methyl ethyl ketone and methyl isobutyl ketone
are preferable. The addition amount of the solvent is prefer-
ably 10 to 100 parts by mass, more preferably 30 to 80 parts
by mass, with respect to 100 parts by mass of the copolymer
to be obtained. When the addition amount is 10 parts by mass
or more, it is preferable in view of controlling the reaction
speed and the viscosity of the polymer solution. When the
addition amountis 100 parts by mass or less, itis preferable in
view of obtaining the desired weight average molecular
weight (Mw).

[0037] The polymerizing process can be any one of the
batch type polymerization method, semi-batch type polymer-

Jul. 23,2015

ization method, and continuous polymerization method.
Here, the batch type polymerization method is preferable in
view of obtaining the desired molecular weight range and
transparency.

[0038] There is no particular limitation regarding the type
of polymerization. Here, radical polymerization method is
preferable in view of manufacturing by a simple process with
high productivity. There is no particular limitation regarding
the polymerization initiator. For example, known organic
peroxides such as benzoyl peroxide, t-butyl peroxybenzoate,
1,1-bis(t-butyl peroxy)-2-methylcyclohexane, t-butyl peroxy
isopropyl monocarbonate, t-butyl peroxy-2-ethylhexanoate,
t-butyl peroxyacetate, dicumyl peroxide, and ethyl-3,3-di-(t-
butyl peroxy)butylate; and known azo compounds such as
azobisisobutyronitrile, azobiscyclohexanecarbonitrile, azo-
bismethylpropionitrile, and azobismethylbutyronitrile; can
beused. These polymerization initiators can be used by two or
more types in combination. Among these, organic peroxides
having the 10 hour half life temperature in the range of 70 to
110° C. is preferably used.

[0039] The copolymer of the present invention has a total
light transmittance of 88% or more, the total light transmit-
tance being measured in accordance with ASTM D1003 for a
sample with 2 mm thickness. There is no particular limitation
regarding the polymerization procedure so long as the
copolymer satisfying the above condition is obtained. Here,
in order to obtain a copolymer having a transparency with a
total light transmittance of 88% or more, the polymerization
need be carried out so that the composition distribution in the
copolymer becomes small. Since the aromatic vinyl mono-
mer and the unsaturated dicarboxylic acid anhydride mono-
mer have high alternating copolymerization property, it is
preferable to add the unsaturated dicarboxylic acid anhydride
monomer separately so as to correspond with the polymer-
ization speed of the aromatic vinyl monomer and the (meth)
acrylic acid ester monomer. The polymerization speed can be
controlled by adjusting polymerization temperature, poly-
merization period, and addition amount of the polymerization
initiator. It is preferable to add the polymerization initiator
separately, since the polymerization speed can be controlled
easily.

[0040] Inaddition, in order to obtain a copolymer having a
weight average molecular weight (Mw) in the preferable
range of 10x10* to 20x10*, addition amount of the solvent
and the addition amount of the chain transfer agent shall be
adjusted in addition to the adjustment of polymerization tem-
perature, polymerization period, and the addition amount of
the polymerization initiator. There is no particular limitation
regarding the chain transfer agent. For example, known chain
transfer agents such as n-dodecyl mercaptan, t-dodecyl mer-
captan, and 2,4-diphenyl-4-methyl-1-pentene can be used.
[0041] After the completion of the polymerization, thermal
stabilizers such as hindered phenol-based compounds, lac-
tone-based compounds, phosphorus-based compounds, and
sulfur-based compounds; light stabilizers such as hindered
amine-based compounds and benzotriazole-based com-
pounds; lubricants; plasticizers; colorants; anti-static agents;
mineral oils; and the like can be added to the polymer solution
as necessary. [t is preferable that the addition amount of such
additive is less than 0.2 parts by mass with respect to 100 parts
by mass of the entire monomer unit. These additives can be
used singly, or in a combination of two or more types.
[0042] There is no particular limitation regarding the
method for collecting the copolymer of the present invention
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from the polymerization solution. Here, known devolatiliza-
tion technique can be used. For example, a method in which
the polymerization solution is continuously fed to a twin-
screw devolatilizing extruder using a gear pump, followed by
devolatilization treatment of the polymerization solvent,
unreacted monomers, and the like, can be mentioned. Here,
the devolatilization component including the polymerization
solvent, unreacted monomers, and the like can be collected by
condensation using a condenser and the like. Then, the con-
densed solution can be purified using a distilling column, and
the polymerization solvent can be recycled.

[0043] The copolymer of the present invention thus
obtained can be used as a heat resistance improving agent for
the methacrylic resin. There is no particular limitation regard-
ing the method for preparing a resin composition by kneading
and mixing the copolymer of the present invention and the
methacrylic resin. Here, known techniques for melt kneading
can beused. As a preferably used melt kneading device, screw
extruders such as a single screw extruder, a twin screw
extruder having engaging flights and screws rotating in the
same direction, a twin screw extruder having engaging flights
and screws rotating in different directions, and a twin screw
extruder having non-engaging or partially-engaging flights; a
Banbury mixer; a ko-kneader; and a mixing mill can be men-
tioned.

[0044] Theresin composition prepared by the copolymer of
the present invention and the methacrylic resin is preferably
formulated with 5 to 50 mass % of the copolymer and 50 to 95
mass % of the methacrylic resin. By such, excellent balance
can be achieved in the transparency, color phase, heat resis-
tance, impact resistance, and moldability. More preferably,
the resin composition is formulated with 10 to 30 mass % of
the copolymer and 70 to 90 mass % of the methacrylic resin.
[0045] The methacrylic resin is preferably formulated with
70 to 100 mass % of the meth(acrylic) acid ester monomer
unit and 0 to 30 mass % of the aromatic vinyl monomer unit.
By such, compatibility with the copolymer of the present
invention can be improved, and the resin composition pre-
pared would have excellent transparency, color phase, heat
resistance, and moldability. More preferably, the methacrylic
resin is formulated with 75 to 100 mass % of the meth(acrylic)
acid ester monomer unit and 0 to 25 mass % of the aromatic
vinyl monomer unit.

[0046] The resin composition can be formulated with sta-
bilizers, plasticizers, lubricants, antioxidants, ultraviolet
absorbers, light stabilizers, colorants, and the like, so long as
it does not adversely affect the effect of the present invention.
[0047] The resin composition comprising the copolymer of
the present invention and the methacrylic resin can achieve
preservation of excellent transparency and improved heat
resistance. Accordingly, the molded body made from the
resin composition can be widely used also in the application
where heat resistance is required. As an example of such
application, car-mounted parts, parts of consumer electron-
ics, and optical parts can be mentioned. Regarding the optical
parts, the resin composition is particularly preferably used in
the optical films such as a polarizing film protecting film, a
retardation film, and an antireflection film.

[0048] When the resin composition is used for the polariz-
ing film protecting film, it is preferable that the optical anisot-
ropy is small. The in-plane phase difference (Re) calculated
by the following (Equation 1) is 20 nm or less, preferably 10
nm or less, and more preferably 5 nm or less. The thickness
phase difference (Rth) calculated by the following (Equation
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2) is 50 nm or less, preferably 20 nm or less, and more
preferably 5 nm or less. When the in-plane phase difference
(Re) is 20 nm or less and the thickness phase difference is 50
nm or less, it is preferable since the usage of the polarizing
film protecting film for a polarizing plate of a liquid crystal
display would not arise problems such as decrease in contrast
of the liquid crystal display.

Re=(nx-ny)xd (Equation 1)

Rih={(nx-ny)/2-nz}xd

[0049] Here, in the afore-described equation, nx, ny, and nz
are obtained as follows. The direction in which the in-plane
refractive index becomes largest is taken as the x-axis, the
direction perpendicular to the x-axis is taken as the y-axis,
and the direction in the thickness of the film is taken as the
z-axis. The nx, ny, and nz are each the refractive index in the
x-axis direction, y-axis direction, and z-axis direction,
respectively. Here, d is the thickness of the film.

[0050] There is no particular limitation regarding the
manufacturing method of the polarizing film protecting film,
and a known forming methods such as a melt extrusion film
forming method and a solution casting film forming method
can be used. As one example of obtaining small optical
anisotropy, a method in which a flexible roll capable of elastic
deformation is used can be mentioned. Here, any forming
method can be used so long as the optical anisotropy can be
made small. A non-stretched film having a small optical
anisotropy can be used as it is as the polarizing film protecting
film. Here, in order to improve film strength, the film can be
stretched to an extent complying with the desired optical
anisotropy, and then the stretched film can be used as the
polarizing film protecting film.

[0051] As another example for obtaining small optical
anisotropy, a method in which polymers having a positive
intrinsic birefringence such as polycarbonate, polyethylene
terephthalate, and polyphenylene ether are blended; a method
in which an inorganic needle crystal fine particles are added,
and the like can be mentioned. Here, any method can be used
so long as the optical anisotropy can be made small.

[0052] When the resin composition is used as a retardation
film or an antireflection film, the resin composition is first
molded into a film in a similar manner as the polarizing film
protecting film, and then the stretching condition is adjusted
to obtain the desired in-plane phase difference (Re) and the
thickness phase difference (Rth). When the stretched film is
used as the retardation film or the antireflection film, the
stretched film is often layered with another stretched film and
is used as a A/2 plate to convert the vibration direction of the
polarized light or a A/4 plate to convert a circularly polarized
light into a linearly polarized light or to convert a linearly
polarized light into a circularly polarized light. Therefore, the
stretched film should have a suitable phase difference devel-
oping property; and the in-plane phase difference (Re) and the
thickness phase difference (Rth) of the stretched film as well
as the other stretched film to be laminated are adjusted to have
a desired phase difference.

(Equation 2)

EXAMPLES

Manufacturing Example of Copolymer (A-1)

[0053] A 20% maleic acid anhydride solution was prepared
by dissolving maleic acid anhydride in methyl isobutyl
ketone so that the maleic acid anhydride is contained by 20
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mass %, and a 2% t-butyl peroxy-2-ethyl hexanoate solution
was prepared by diluting t-butyl peroxy-2-ethyl hexanoate
with methyl isobutyl ketone so that the t-butyl peroxy-2-ethyl
hexanoate is contained by 2 mass %. These solutions were
used in the polymerization.

[0054] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (2.4 kg), styrene (24 kg),
methyl methacrylate (11.2 kg), t-dodecyl mercaptan (30 g),
and methyl isobutyl ketone (2 kg) were added. The gas in the
remaining space of the autoclave was replaced with nitrogen
gas, and the temperature of the mixture was raised to 87° C.
taking 40 minutes with agitation. After raising the tempera-
ture, the temperature of the mixture was kept at 87° C., the
20% maleic acid anhydride solution was added separately at
an addition speed of 1.8 kg/hour, and the 2% t-butyl peroxy-
2-ethyl hexanoate solution was added separately at an addi-
tion speed of 375 g/hour. Here, each of the solutions was
added continuously for 8 hours. Subsequently, the separate
addition of the 2% t-butyl peroxy-2-ethyl hexanoate solution
was terminated, and t-butyl peroxy isopropyl monocarbonate
(30 g) was added. On the other hand, the 20% maleic acid
anhydride solution was added separately keeping the addition
speed of 1.8 kg/hour, and the temperature of the mixture was
raised to 120° C. with a temperature raising speed of 8.25°
C./hour taking 4 hours. The separate addition of the 20%
maleic acid anhydride solution was terminated when the
accumulated amount of the separate addition reached 18 kg.
After the temperature of the mixture was raised, the mixture
was kept at 120° C. for 1 hour, and the polymerization was
completed. The polymerization solution was continuously
fed to a twin-screw devolatilizing extruder using a gear pump,
followed by devolatilization treatment of methyl isobutyl
ketone, a small amount of unreacted monomers, and the like.
Subsequently, the resultant was extruded as a strand and was
cut into pellets of the copolymer (A-1). The copolymer (A-1)
thus obtained was subjected to composition analysis using
C-13NMR method. Subsequently, molecular weight was
measured using GPC. Then, a mirror plate having a thickness
of'2 mm was molded using an injection molding machine, and
total light transmittance was measured using a haze meter.
Theresult of the composition analysis, result of the molecular
weight measurement, and the result of total light transmit-
tance measurement are shown in Table 1.

Manufacturing Example of Copolymer (A-2)

[0055] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0056] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (2.8 kg), styrene (24 kg),
methyl methacrylate (10.4 kg), and t-dodecyl mercaptan (40
g) were added. The gas in the remaining space of the auto-
clave was replaced with nitrogen gas, and the temperature of
the mixture was raised to 88° C. taking 40 minutes with
agitation. After raising the temperature, the temperature of
the mixture was kept at 88° C., the 20% maleic acid anhydride
solution was added separately at an addition speed of 2.1
kg/hour, and the 2% t-butyl peroxy-2-ethyl hexanoate solu-
tion was added separately at an addition speed of 375 g/hour.
Here, each of the solutions was added continuously for 8
hours. Subsequently, the separate addition of the 2% t-butyl
peroxy-2-ethyl hexanoate solution was terminated, and t-bu-
tyl peroxy isopropyl monocarbonate (40 g) was added. Onthe
other hand, the 20% maleic acid anhydride solution was
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added separately keeping the addition speed of 2.1 kg/hour,
and the temperature of the mixture was raised to 120° C. with
atemperature raising speed of 8° C./hour taking 4 hours. The
separate addition of the 20% maleic acid anhydride solution
was terminated when the accumulated amount of the separate
additionreached 25.2 kg. After the temperature of the mixture
was raised, the mixture was kept at 120° C. for 1 hour, and the
polymerization was completed. The polymerization solution
was continuously fed to a twin-screw devolatilizing extruder
using a gear pump, followed by devolatilization treatment of
methyl isobutyl ketone, a small amount of unreacted mono-
mers, and the like. Subsequently, the resultant was extruded
as a strand and was cut into pellets of the copolymer (A-2). In
asimilar manner as A-1, the copolymer A-2 thus obtained was
subjected to measurement of composition, molecular weight,
and total light transmittance. The results are shown in Table 1.

Manufacturing Example of Copolymer (A-3)

[0057] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0058] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (3.4 kg), styrene (24 kg),
methyl methacrylate (9.2 kg), and t-dodecyl mercaptan (60 g)
were added. The gas in the remaining space of the autoclave
was replaced with nitrogen gas, and the temperature of the
mixture was raised to 88° C. taking 40 minutes with agitation.
After raising the temperature, the temperature of the mixture
was kept at 88° C., the 20% maleic acid anhydride solution
was added separately at an addition speed of 2.55 kg/hour,
and the 2% t-butyl peroxy-2-ethyl hexanoate solution was
added separately at an addition speed of 375 g/hour. Here,
each of the solutions was added continuously for 8 hours.
Subsequently, the separate addition of the 2% t-butyl peroxy-
2-ethyl hexanoate solution was terminated, and t-butyl per-
oxy isopropyl monocarbonate (40 g) was added. On the other
hand, the 20% maleic acid anhydride solution was added
separately keeping the addition speed of 2.55 kg/hour, and the
temperature of the mixture was raised to 120° C. with a
temperature raising speed of 8° C./hour taking 4 hours. The
separate addition of the 20% maleic acid anhydride solution
was terminated when the accumulated amount of the separate
addition reached 30.6 kg. After the temperature of the mixture
was raised, the mixture was kept at 120° C. for 1 hour, and the
polymerization was completed. The polymerization solution
was continuously fed to a twin-screw devolatilizing extruder
using a gear pump, followed by devolatilization treatment of
methyl isobutyl ketone, a small amount of unreacted mono-
mers, and the like. Subsequently, the resultant was extruded
as a strand and was cut into pellets of the copolymer (A-3). In
asimilar manner as A-1, the copolymer A-3 thus obtained was
subjected to measurement of composition, molecular weight,
and total light transmittance. The results are shown in Table 1.

Manufacturing Example of Copolymer (A-4)

[0059] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0060] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (2 kg), styrene (24 kg),
methyl methacrylate (12 kg), t-dodecyl mercaptan (40 g), and
methyl isobutyl ketone (5 kg) were added. The gas in the
remaining space of the autoclave was replaced with nitrogen
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gas, and the temperature of the mixture was raised to 88° C.
taking 40 minutes with agitation. After raising the tempera-
ture, the temperature of the mixture was kept at 88° C., the
20% maleic acid anhydride solution was added separately at
an addition speed of 1.5 kg/hour, and the 2% t-butyl peroxy-
2-ethyl hexanoate solution was added separately at an addi-
tion speed of 375 g/hour. Here, each of the solutions was
added continuously for 8 hours. Subsequently, the separate
addition of the 2% t-butyl peroxy-2-ethyl hexanoate solution
was terminated, and t-butyl peroxy isopropyl monocarbonate
(40 g) was added. On the other hand, the 20% maleic acid
anhydride solution was added separately keeping the addition
speed of 1.5 kg/hour, and the temperature of the mixture was
raised to 120° C. with a temperature raising speed of 8°
C./hour taking 4 hours. The separate addition of the 20%
maleic acid anhydride solution was terminated when the
accumulated amount of the separate addition reached 18 kg.
After the temperature of the mixture was raised, the mixture
was kept at 120° C. for 1 hour, and the polymerization was
completed. The polymerization solution was continuously
fed to a twin-screw devolatilizing extruder using a gear pump,
followed by devolatilization treatment of methyl isobutyl
ketone, a small amount of unreacted monomers, and the like.
Subsequently, the resultant was extruded as a strand and was
cut into pellets of the copolymer (A-4). In a similar manner as
A-1, the copolymer A-4 thus obtained was subjected to mea-
surement of composition, molecular weight, and total light
transmittance. The results are shown in Table 1.

Manufacturing Example of Copolymer (A-5)

[0061] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0062] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (3.8 kg), styrene (24 kg),
methyl methacrylate (8.4 kg), and t-dodecyl mercaptan (32 g)
were added. The gas in the remaining space of the autoclave
was replaced with nitrogen gas, and the temperature of the
mixture was raised to 88° C. taking 40 minutes with agitation.
After raising the temperature, the temperature of the mixture
was kept at 88° C., the 20% maleic acid anhydride solution
was added separately at an addition speed of 2.85 kg/hour,
and the 2% t-butyl peroxy-2-ethyl hexanoate solution was
added separately at an addition speed of 300 g/hour. Here,
each of the solutions was added continuously for 8 hours.
Subsequently, the separate addition of the 2% t-butyl peroxy-
2-ethyl hexanoate solution was terminated, and t-butyl per-
oxy isopropyl monocarbonate (40 g) was added. On the other
hand, the 20% maleic acid anhydride solution was added
separately keeping the addition speed of 2.85 kg/hour, and the
temperature of the mixture was raised to 120° C. with a
temperature raising speed of 8° C./hour taking 4 hours. The
separate addition of the 20% maleic acid anhydride solution
was terminated when the accumulated amount of the separate
addition reached 34.2 kg. After the temperature of the mixture
was raised, the mixture was kept at 120° C. for 1 hour, and the
polymerization was completed. The polymerization solution
was continuously fed to a twin-screw devolatilizing extruder
using a gear pump, followed by devolatilization treatment of
methyl isobutyl ketone, a small amount of unreacted mono-
mers, and the like. Subsequently, the resultant was extruded
as a strand and was cut into pellets of the copolymer (A-5). In
asimilar manner as A-1, the copolymer A-5 thus obtained was
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subjected to measurement of composition, molecular weight,
and total light transmittance. The results are shown in Table 1.

Manufacturing Example of Copolymer (A-6)

[0063] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0064] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (2.8 kg), styrene (30.4
kg), methyl methacrylate (3 kg), and t-dodecyl mercaptan (36
g) were added. The gas in the remaining space of the auto-
clave was replaced with nitrogen gas, and the temperature of
the mixture was raised to 88° C. taking 40 minutes with
agitation. After raising the temperature, the temperature of
the mixture was kept at 88° C., the 20% maleic acid anhydride
solution was added separately at an addition speed of 1.4
kg/hour, methyl methacrylate was added separately at an
addition speed of 56 g/hour, and the 2% t-butyl peroxy-2-
ethyl hexanoate solution was added separately at an addition
speed of 300 g/hour. Here, each of the solutions was added
continuously for 10 hours. Subsequently, the separate addi-
tion of the 2% t-butyl peroxy-2-ethyl hexanoate solution was
terminated, and t-butyl peroxy isopropyl monocarbonate (60
g) was added. On the other hand, the 20% maleic acid anhy-
dride solution was added separately keeping the addition
speed of 1.4 kg/hour, methyl methacrylate was added sepa-
rately keeping the addition speed of 56 g/hour, and the tem-
perature of the mixture was raised to 124° C. with a tempera-
ture raising speed of 4° C./hour taking 9 hours. The separate
addition of the 20% maleic acid anhydride solution was ter-
minated when the accumulated amount of the separate addi-
tion reached 25.2 kg, and the separate addition of methyl
methacrylate was terminated when the accumulated amount
of'the separate addition reached 1 kg. After the temperature of
the mixture was raised, the mixture was kept at 124° C. for 1
hour, and the polymerization was completed. The polymer-
ization solution was continuously fed to a twin-screw devola-
tilizing extruder using a gear pump, followed by devolatiliza-
tion treatment of methyl isobutyl ketone, a small amount of
unreacted monomers, and the like. Subsequently, the result-
ant was extruded as a strand and was cut into pellets of the
copolymer (A-6). In a similar manner as A-1, the copolymer
A-6 thus obtained was subjected to measurement of compo-
sition, molecular weight, and total light transmittance. The
results are shown in Table 1.

Manufacturing Example of Copolymer (A-7)

[0065] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0066] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (2.8 kg), styrene (13.8
kg), methyl methacrylate (16 kg), and t-dodecyl mercaptan
(48 g) were added. The gas in the remaining space of the
autoclave was replaced with nitrogen gas, and the tempera-
ture of the mixture was raised to 88° C. taking 40 minutes with
agitation. After raising the temperature, the temperature of
the mixture was kept at 88° C., the 20% maleic acid anhydride
solution was added separately at an addition speed of 2.8
kg/hour, styrene was added separately at an addition speed of
0.5 kg/hour, and the 2% t-butyl peroxy-2-ethyl hexanoate
solution was added separately at an addition speed of 300
g/hour. Here, each of the solutions was added continuously
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for 6 hours. Subsequently, the separate addition of the 2%
t-butyl peroxy-2-ethyl hexanoate solution was terminated,
and t-butyl peroxy isopropyl monocarbonate (20 g) was
added. On the other hand, the 20% maleic acid anhydride
solution was added separately keeping the addition speed of
2.8 kg/hour, styrene was added separately keeping the addi-
tion speed of 0.5 kg/hour, and the temperature of the mixture
was raised to 118° C. with a temperature raising speed of 10°
C./hour taking 3 hours. The separate addition of the 20%
maleic acid anhydride solution was terminated when the
accumulated amount of the separate addition reached 25.2 kg,
and the separate addition of styrene was terminated when the
accumulated amount of the separate addition reached 4.5 kg.
After the temperature of the mixture was raised, the mixture
was kept at 118° C. for 1 hour, and the polymerization was
completed. The polymerization solution was continuously
fed to a twin-screw devolatilizing extruder using a gear pump,
followed by devolatilization treatment of methyl isobutyl
ketone, a small amount of unreacted monomers, and the like.
Subsequently, the resultant was extruded as a strand and was
cut into pellets of the copolymer (A-7). In a similar manner as
A-1, the copolymer A-7 thus obtained was subjected to mea-
surement of composition, molecular weight, and total light
transmittance. The results are shown in Table 1.

Manufacturing Example of Copolymer (A-8)

[0067] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0068] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (2.8 kg), styrene (24 kg),
and methyl methacrylate (10.4 kg) were added. The gas in the
remaining space of the autoclave was replaced with nitrogen
gas, and the temperature of the mixture was raised to 88° C.
taking 40 minutes with agitation. After raising the tempera-
ture, the temperature of the mixture was kept at 88° C., the
20% maleic acid anhydride solution was added separately at
an addition speed of 1.68 kg/hour, and the 2% t-butyl peroxy-
2-ethyl hexanoate solution was added separately at an addi-
tion speed of 200 g/hour. Here, each of the solutions was
added continuously for 10 hours. Subsequently, the separate
addition of the 2% t-butyl peroxy-2-ethyl hexanoate solution
was terminated, and t-butyl peroxy isopropyl monocarbonate
(20 g) was added. On the other hand, the 20% maleic acid
anhydride solution was added separately keeping the addition
speed of 1.68 kg/hour, and the temperature of the mixture was
raised to 120° C. with a temperature raising speed of 6.4°
C./hour taking 5 hours. The separate addition of the 20%
maleic acid anhydride solution was terminated when the
accumulated amount of the separate addition reached 25.2 kg.
After the temperature of the mixture was raised, the mixture
was kept at 120° C. for 1 hour, and the polymerization was
completed. The polymerization solution was continuously
fed to a twin-screw devolatilizing extruder using a gear pump,
followed by devolatilization treatment of methyl isobutyl
ketone, a small amount of unreacted monomers, and the like.
Subsequently, the resultant was extruded as a strand and was
cut into pellets of the copolymer (A-8). In a similar manner as
A-1, the copolymer A-8 thus obtained was subjected to mea-
surement of composition, molecular weight, and total light
transmittance. The results are shown in Table 1.
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Manufacturing Example of Copolymer (A-9)>

[0069] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0070] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (2.8 kg), styrene (24 kg),
methyl methacrylate (10.4 kg), and t-dodecyl mercaptan (300
g) were added. The gas in the remaining space of the auto-
clave was replaced with nitrogen gas, and the temperature of
the mixture was raised to 88° C. taking 40 minutes with
agitation. After raising the temperature, the temperature of
the mixture was kept at 88° C., the 20% maleic acid anhydride
solution was added separately at an addition speed of 2.1
kg/hour, and the 2% t-butyl peroxy-2-ethyl hexanoate solu-
tion was added separately at an addition speed of 375 g/hour.
Here, each of the solutions was added continuously for 8
hours. Subsequently, the separate addition of the 2% t-butyl
peroxy-2-ethyl hexanoate solution was terminated, and t-bu-
tyl peroxy isopropyl monocarbonate (40 g) was added. Onthe
other hand, the 20% maleic acid anhydride solution was
added separately keeping the addition speed of 2.1 kg/hour,
and the temperature of the mixture was raised to 120° C. with
atemperature raising speed of 8° C./hour taking 4 hours. The
separate addition of the 20% maleic acid anhydride solution
was terminated when the accumulated amount of the separate
additionreached 25.2 kg. After the temperature of the mixture
was raised, the mixture was kept at 120° C. for 1 hour, and the
polymerization was completed. The polymerization solution
was continuously fed to a twin-screw devolatilizing extruder
using a gear pump, followed by devolatilization treatment of
methyl isobutyl ketone, a small amount of unreacted mono-
mers, and the like. Subsequently, the resultant was extruded
as a strand and was cut into pellets of the copolymer (A-9). In
asimilar manner as A-1, the copolymer A-9 thus obtained was
subjected to measurement of composition, molecular weight,
and total light transmittance. The results are shown in Table 1.

Manufacturing Example of Copolymer (B-1)

[0071] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0072] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (12 kg), styrene (24 kg),
methyl methacrylate (11.2 kg), t-dodecyl mercaptan (30 g),
and methyl isobutyl ketone (2 kg) were added. The gas in the
remaining space of the autoclave was replaced with nitrogen
gas, and the temperature of the mixture was raised to 87° C.
taking 40 minutes with agitation. After raising the tempera-
ture, the temperature of the mixture was kept at 87° C., the
20% maleic acid anhydride solution was added separately at
an addition speed of 0.75 kg/hour, and the 2% t-butyl peroxy-
2-ethyl hexanoate solution was added separately at an addi-
tion speed of 375 g/hour. Here, each of the solutions was
added continuously for 12 hours. Subsequently, the separate
addition of the 2% t-butyl peroxy-2-ethyl hexanoate solution
was terminated, and t-butyl peroxy isopropyl monocarbonate
(30 g) was added. On the other hand, the 20% maleic acid
anhydride solution was added separately keeping the addition
speed of 0.75 kg/hour, and the temperature of the mixture was
raised to 120° C. with a temperature raising speed of 8.25°
C./hour taking 4 hours. The separate addition of the 20%
maleic acid anhydride solution was terminated when the
accumulated amount of the separate addition reached 12 kg.
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After the temperature of the mixture was raised, the mixture
was kept at 120° C. for 1 hour, and the polymerization was
completed. The polymerization solution was continuously
fed to a twin-screw devolatilizing extruder using a gear pump,
followed by devolatilization treatment of methyl isobutyl
ketone, a small amount of unreacted monomers, and the like.
Subsequently, the resultant was extruded as a strand and was
cut into pellets of the copolymer (B-1). In a similar manner as
A-1, the copolymer B-1 thus obtained was subjected to mea-
surement of composition, molecular weight, and total light
transmittance. The results are shown in Table 2.

Manufacturing Example of Copolymer (B-2)

[0073] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0074] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (2.8 kg), styrene (24 kg),
methyl methacrylate (10.4 kg), and t-dodecyl mercaptan (40
g) were added. The gas in the remaining space of the auto-
clave was replaced with nitrogen gas, and the temperature of
the mixture was raised to 88° C. taking 40 minutes with
agitation. After raising the temperature, the temperature of
the mixture was kept at 88° C., the 20% maleic acid anhydride
solution was added separately at an addition speed of 2.1
kg/hour, and the 2% t-butyl peroxy-2-ethyl hexanoate solu-
tion was added separately at an addition speed of 750 g/hour.
Here, each of the solutions was added continuously for 8
hours. Subsequently, the separate addition of the 2% t-butyl
peroxy-2-ethyl hexanoate solution was terminated, and t-bu-
tyl peroxy isopropyl monocarbonate (40 g) was added. Onthe
other hand, the 20% maleic acid anhydride solution was
added separately keeping the addition speed of 2.1 kg/hour,
and the temperature of the mixture was raised to 120° C. with
atemperature raising speed of 8° C./hour taking 4 hours. The
separate addition of the 20% maleic acid anhydride solution
was terminated when the accumulated amount of the separate
addition reached 25.2 kg. After the temperature of the mixture
was raised, the mixture was kept at 120° C. for 1 hour, and the
polymerization was completed. The polymerization solution
was continuously fed to a twin-screw devolatilizing extruder
using a gear pump, followed by devolatilization treatment of
methyl isobutyl ketone, a small amount of unreacted mono-
mers, and the like. Subsequently, the resultant was extruded
as a strand and was cut into pellets of the copolymer (B-2). In
asimilar manner as A-1, the copolymer B-2 thus obtained was
subjected to measurement of composition, molecular weight,
and total light transmittance. The results are shown in Table 2.

Manufacturing Example of Copolymer (B-3)

[0075] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0076] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (8 kg), styrene (0.8 kg),
methyl methacrylate (17.6 kg), and t-dodecyl mercaptan (30
g) were added. The gas in the remaining space of the auto-
clave was replaced with nitrogen gas, and the temperature of
the mixture was raised to 88° C. taking 40 minutes with
agitation. After raising the temperature, the temperature of
the mixture was kept at 88° C., the 20% maleic acid anhydride
solution was added separately at an addition speed of 2.5
kg/hour, and the 2% t-butyl peroxy-2-ethyl hexanoate solu-
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tion was added separately at an addition speed of 250 g/hour.
Here, each of the solutions was added continuously for 6
hours. Subsequently, the separate addition of the 2% t-butyl
peroxy-2-ethyl hexanoate solution was terminated, and t-bu-
tyl peroxy isopropyl monocarbonate (10 g) was added. Onthe
other hand, the 20% maleic acid anhydride solution was
added separately keeping the addition speed of 2.5 kg/hour,
and the temperature of the mixture was raised to 120° C. with
atemperature raising speed of 16° C./hour taking 2 hours. The
separate addition of the 20% maleic acid anhydride solution
was terminated when the accumulated amount of the separate
addition reached 20 kg. After the temperature of the mixture
was raised, the mixture was kept at 120° C. for 1 hour, and the
polymerization was completed. The polymerization solution
was continuously fed to a twin-screw devolatilizing extruder
using a gear pump, followed by devolatilization treatment of
methyl isobutyl ketone, a small amount of unreacted mono-
mers, and the like. Subsequently, the resultant was extruded
as a strand and was cut into pellets of the copolymer (B-3). In
asimilar manner as A-1, the copolymer B-3 thus obtained was
subjected to measurement of composition, molecular weight,
and total light transmittance. The results are shown in Table 2.

Manufacturing Example of Copolymer (B-4)>

[0077] A 10% maleic acid anhydride solution was prepared
by dissolving maleic acid anhydride in methyl isobutyl
ketone so that the maleic acid anhydride is contained by 10
mass %, and a 2% t-butyl peroxy-2-ethyl hexanoate solution
was prepared by diluting t-butyl peroxy-2-ethyl hexanoate
with methyl isobutyl ketone so that the t-butyl peroxy-2-ethyl
hexanoate is contained by 2 mass %. These solutions were
used in the polymerization.

[0078] To a 120 liter autoclave equipped with an agitator,
10% maleic acid anhydride solution (2 kg), styrene (24 kg),
methyl methacrylate (14 kg), t-dodecyl mercaptan (48 g), and
methyl isobutyl ketone (2 kg) were added. The gas in the
remaining space of the autoclave was replaced with nitrogen
gas, and the temperature of the mixture was raised to 90° C.
taking 40 minutes with agitation. After raising the tempera-
ture, the temperature of the mixture was kept at 90° C., the
10% maleic acid anhydride solution was added separately at
an addition speed of 1.5 kg/hour, and the 2% t-butyl peroxy-
2-ethyl hexanoate solution was added separately at an addi-
tion speed of 300 g/hour. Here, each of the solutions was
added continuously for 8 hours. Subsequently, the separate
addition of the 2% t-butyl peroxy-2-ethyl hexanoate solution
was terminated, and t-butyl peroxy isopropyl monocarbonate
(40 g) was added. On the other hand, the 10% maleic acid
anhydride solution was added separately keeping the addition
speed of 1.5 kg/hour, and the temperature of the mixture was
raised to 120° C. with a temperature raising speed of 7.5°
C./hour taking 4 hours. The separate addition of the 10%
maleic acid anhydride solution was terminated when the
accumulated amount of the separate addition reached 18 kg.
After the temperature of the mixture was raised, the mixture
was kept at 120° C. for 1 hour, and the polymerization was
completed. The polymerization solution was continuously
fed to a twin-screw devolatilizing extruder using a gear pump,
followed by devolatilization treatment of methyl isobutyl
ketone, a small amount of unreacted monomers, and the like.
Subsequently, the resultant was extruded as a strand and was
cut into pellets of the copolymer (B-4). In a similar manner as
A-1, the copolymer B-4 thus obtained was subjected to mea-
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surement of composition, molecular weight, and total light
transmittance. The results are shown in Table 2.

Manufacturing Example of Copolymer (B-5)

[0079] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0080] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (5 kg), styrene (24 kg),
methyl methacrylate (6 kg), and t-dodecyl mercaptan (32 g)
were added. The gas in the remaining space of the autoclave
was replaced with nitrogen gas, and the temperature of the
mixture was raised to 88° C. taking 40 minutes with agitation.
After raising the temperature, the temperature of the mixture
was kept at 88° C., the 20% maleic acid anhydride solution
was added separately at an addition speed of 3.75 kg/hour,
and the 2% t-butyl peroxy-2-ethyl hexanoate solution was
added separately at an addition speed of 300 g/hour. Here,
each of the solutions was added continuously for 8 hours.
Subsequently, the separate addition of the 2% t-butyl peroxy-
2-ethyl hexanoate solution was terminated, and t-butyl per-
oxy isopropyl monocarbonate (40 g) was added. On the other
hand, the 20% maleic acid anhydride solution was added
separately keeping the addition speed of 3.75 kg/hour, and the
temperature of the mixture was raised to 120° C. with a
temperature raising speed of 8° C./hour taking 4 hours. The
separate addition of the 20% maleic acid anhydride solution
was terminated when the accumulated amount of the separate
addition reached 45 kg. After the temperature of the mixture
was raised, the mixture was kept at 120° C. for 1 hour, and the
polymerization was completed. The polymerization solution
was continuously fed to a twin-screw devolatilizing extruder
using a gear pump, followed by devolatilization treatment of
methyl isobutyl ketone, a small amount of unreacted mono-
mers, and the like. Subsequently, the resultant was extruded
as a strand and was cut into pellets of the copolymer (B-5). In
asimilar manner as A-1, the copolymer B-5 thus obtained was
subjected to measurement of composition, molecular weight,
and total light transmittance. The results are shown in Table 2.

Manufacturing Example of Copolymer (B-6)

[0081] The 20% maleic acid anhydride solution and the 2%
t-butyl peroxy-2-ethyl hexanoate solution were prepared in a
similar manner as A-1.

[0082] To a 120 liter autoclave equipped with an agitator,
20% maleic acid anhydride solution (1.2 kg), styrene (35.2
kg), t-dodecyl mercaptan (30 g), and methyl isobutyl ketone
(2 kg) were added. The gas in the remaining space of the
autoclave was replaced with nitrogen gas, and the tempera-
ture of the mixture was raised to 92° C. taking 40 minutes with
agitation. After raising the temperature, the temperature of
the mixture was kept at 92° C., the 20% maleic acid anhydride
solution was added separately at an addition speed of 0.76
kg/hour, and the 2% t-butyl peroxy-2-ethyl hexanoate solu-
tion was added separately at an addition speed of 250 g/hour.
Here, each of the solutions was added continuously for 15
hours. Subsequently, the separate addition of the 2% t-butyl
peroxy-2-ethyl hexanoate solution was terminated, and t-bu-
tyl peroxy isopropyl monocarbonate (60 g) was added. Onthe
other hand, the 20% maleic acid anhydride solution was
added separately keeping the addition speed of 0.76 kg/hour,
and the temperature of the mixture was raised to 128° C. with
atemperature raising speed of 4° C./hour taking 9 hours. The
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separate addition of the 20% maleic acid anhydride solution
was terminated when the accumulated amount of the separate
addition reached 18.24 kg. After the temperature of the mix-
ture was raised, the mixture was kept at 128° C. for 1 hour, and
the polymerization was completed. The polymerization solu-
tion was continuously fed to a twin-screw devolatilizing
extruder using a gear pump, followed by devolatilization
treatment of methyl isobutyl ketone, a small amount of unre-
acted monomers, and the like. Subsequently, the resultant was
extruded as a strand and was cut into pellets of the copolymer
(B-6). In a similar manner as A-1, the copolymer B-6 thus
obtained was subjected to measurement of composition,
molecular weight, and total light transmittance. The results
are shown in Table 2.

Manufacturing Example of Methacrylic Resin (C-1)

[0083] A 20 liter continuous stirred tank reactor equipped
with an agitator, a 40 liter tower-type plug flow reactor, and a
devolatilization tank equipped with a preheater were con-
nected in series. To a mixture solution comprising methyl
methacrylate (98 parts by mass), ethyl acrylate (2 parts by
mass), and ethyl benzene (18 parts by mass), 1,1-bis(t-butylp-
eroxy)-cyclohexane (0.02 parts by mass, available from NOF
CORPORATION as PERHEXA C), n-dodecyl mercaptan
(0.3 parts by mass, available from Kao Corporation as
THIOKALCOL 20), octadecyl-3-(3,5-di-t-butyl-4-hydrox-
yphenyl) propionate (0.1 parts by mass, available from Ciba
Specialty Chemicals Inc. as IRGANOX 1076) were added to
prepare a raw material solution. The raw material solution
was introduced into the continuous stirred tank reactor at a
speed of 6 kg/hour. Here, the temperature of the continuous
stirred tank reactor was set to 120° C., and the rotation num-
ber of the agitator was 200 rpm. Subsequently, the reaction
solution was continuously taken out from the continuous
stirred tank reactor, and was introduced into the tower-type
plug flow reactor. Here, the tower-type plug flow reactor was
regulated to have a temperature gradient from 130° C. to 150°
C. in the direction towards the flow. The reaction solution was
heated with the preheater, while being introduced into the
devolatilization tank. Here, the devolatilization tank was
regulated to have a temperature of 240° C. and a pressure of
1.0 kPa. Accordingly, the volatile component such as the
unreacted monomers and the like were removed. The resin
solution thus obtained was taken out using a gear pump and
was then extruded as a strand and cut into pellets of the
methacrylic resin (C-1). In a similar manner as A-1, the meth-
acrylic resin (C-1) thus obtained was subjected to measure-
ment of composition, molecular weight, and total light trans-
mittance. The results are shown in Table 3.

Manufacturing Example of Methacrylic Resin (C-2)

[0084] A 20 liter continuous stirred tank reactor equipped
with an agitator, a 40 liter tower-type plug flow reactor, and a
devolatilization tank equipped with a preheater were con-
nected in series. To a mixture solution comprising methyl
methacrylate (78 parts by mass), styrene (22 parts by mass),
and ethyl benzene (12 parts by mass), 1,1-bis(t-butylperoxy)-
cyclohexane (0.02 parts by mass, available from NOF COR-
PORATION as PERHEXA C), n-dodecyl mercaptan (0.3
parts by mass, available from Kao Corporation as THIOKAL-
COL 20), octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl) pro-
pionate (0.1 parts by mass, available from Ciba Specialty
Chemicals Inc. as IRGANOX 1076) were added to prepare a
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raw material solution. The raw material solution was intro-
duced into the continuous stirred tank reactor at a speed of 6
kg/hour. Here, the temperature of the continuous stirred tank
reactor was set to 125° C., and the rotation number of the
agitator was 200 rpm. Subsequently, the reaction solution was
continuously taken out from the continuous stirred tank reac-
tor, and was introduced into the tower-type plug flow reactor.
Here, the tower-type plug flow reactor was regulated to have
a temperature gradient from 130° C. to 150° C. in the direc-
tion towards the flow. The reaction solution was heated with
the preheater, while being introduced into the devolatilization
tank. Here, the devolatilization tank was regulated to have a
temperature of 240° C. and a pressure of 1.0 kPa. Accord-
ingly, the volatile component such as the unreacted mono-
mers and the like were removed. The resin solution thus
obtained was taken out using a gear pump and was then
extruded as a strand and cut into pellets of the methacrylic
resin (C-2). In a similar manner as A-1, the methacrylic resin
(C-2) thus obtained was subjected to measurement of com-
position, molecular weight, and total light transmittance. The
results are shown in Table 3.

TABLE 1

Jul. 23,2015

MACHINE CO., LTD.) was used to perform melt kneading
with a cylinder temperature of 230° C., and a pelletized resin
composition was obtained.

[0086] The resin composition was subjected to the follow-

ing evaluations. The results of evaluations are shown in Table
4 and Table 5.

[0087]

[0088] The total light transmittance and the haze were mea-
sured as follows. First, a mirror plate having a length of 90
mm, a width of 55 mm, and a thickness of 2 mm was prepared
using an injection molding machine (IS-50EPN, available
from TOSHIBA MACHINE CO., LTD.), with the molding
conditions of a cylinder temperature of 230° C. and a mold
temperature of 40° C. Then, the mirror plate was subjected to
the measurement in compliance with ASTM D1003, using a
haze meter (NDH-1001DP, available from NIPPON DEN-
SHOKU INDUSTRIES CO., LTD.).

[0089]

[0090] The Charpy impact strength was measured in accor-
dance with JIS K7111-1:2006.

(Total Light Transmittance and Haze)

(Charpy Impact Strength)

results of analysis for copolymers (A-1) to (A-7) Al A2 A3

A4 A5 A6 AT A8 A9

composition analysis: ST unit
composition analysis: MMA unit
composition analysis: MAH unit

plate

mass %  59.9 60.0 60.1
mass %  27.7 25.6 225
mass % 124 144 174
weight average molecular weight (Mw) x 10% g/mol 18.0 153 126
total light transmittance of 2 mm thick mirror % 91.2 918 91.1

59.8 60.1 753 4677 60.0 60.0
29.8 203 10.0 39.1 254 256
104 196 147 142 146 144
15.1 155 146 153 245 8.9
90.8 90.2 89.8 895 903 915

* 8T, MMA, and MAH in the Table are abbreviation of styrene monomer, methyl methacrylate monomer, and maleic acid anhydride monomer,

respectively

TABLE 2

results of analysis for copolymers (B-1) to (B-6) B-1 B-2 B-3

B4 B-5 B-6

composition analysis: ST unit
composition analysis: MMA unit
composition analysis: MAH unit

plate

mass % 594 60.6 20.7
mass %  27.9 256 653
mass %  12.7 13.8 14.0
weight average molecular weight (Mw) x 10% g/mol 18,0 155 155
total light transmittance of 2 mm thick mirror % 843 79.1 888

59.6 60.2 876
352 142 0.0

52 256 124
141 155 177
90.1 90.0 88.0

* ST, MMA, and MAH in the Table are abbreviation of styrene monomer, methyl methacrylate monomer, and maleic acid

anhydride monomer, respectively

TABLE 3

results of analysis for methacryl resins (C-1) to (C-2) c-1 C-2

mass %  98.0 77.8
mass % 2.0 0.0
mass % 0.0 222

composition analysis: MMA unit
composition analysis: EA unit
composition analysis: ST unit

weight average molecular weight (Mw) x 10 g/mol 7.5 8.3
total light transmittance of 2 mm thick mirror % 92.0 91.8
plate

* MMA, EA, and ST in the Table are abbreviation of methyl methacrylate monomer, ethyl
acrylate monomer, and styrene monomer, respectively

Examples and Comparative Examples

[0085] The copolymers (A-1) to (A-9) or the copolymers
(B-1)to (B-6) were blended with the methacrylic resins (C-1)
to (C-2) by the formulation ratio (mass %) provided in Table
4 and Table 5, using a Henschel mixer. Subsequently, a twin
screw extruder (TEM-35B, available from TOSHIBA

[0091] Here, unnotched test pieces were used, and the
impact was applied in the edgewise direction. A digital impact
testing apparatus (available from Toyo Seiki Seisaku-sho,
Ltd.) was used as the measuring apparatus.

[0092] (Vicat Softening Temperature)

[0093] The Vicat softening temperature was measured in
accordance with JIS K7206:1999. Here, Method 50 (load:
SON, temperature raising speed 50° C./hour) was used, and
the test piece having the size of 10 mmx10 mm and 4 mm
thickness was used. HDT & VSP testing apparatus (available
from Toyo Seiki Seisaku-sho, Ltd.) was used as the measur-
ing apparatus.

[0094] (Appearance of Extrusion Molded Product)

[0095] Samples of cylinder-shaped molded product having
a diameter of 30 mm and a height of 50 mm were prepared by
the number of 50, using an injection molding machine (IS-
S0EPN, available from TOSHIBA MACHINE CO., LTD.),
with the molding conditions of a cylinder temperature o£ 230°
C. and a mold temperature of 40° C. Then, number of samples
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having a defective appearance such as a silver streak, a flow
mark, a gas burning, an air void and the like, was counted by
visual observation. The criteria for the evaluation were as
follows.

A: number of samples having defective appearance is 0

B: number of samples having defective appearance is 1 to 2
C: number of samples having defective appearance is 3 to 5
D: number of samples having defective appearance is 6 or
more

11

Jul. 23,2015

[0097]

[0098] Appearance was visually observed for 1 m? of the
center portion (200 mm widthx5 m length) of the non-
stretched film. The criteria for the evaluation were as follows.

[0099] A: film with less than 5 small defects (approxi-
mately 0.08 to 0.2 mm) found by visual observation and no
remarkable defective phenomenon such as die lines and melt
fracture occurred with the film

(Film Appearance)

TABLE 4
Example
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
resin copolymer A-1 25 30 50
compo- A-2 25 50 75 25
sition A-3 10 25
A-4 25
A-5 25
A-6 25
A-7 25
A-8 25
A-9 25
methacrylic C-1 75 75 50 25 90 75 75 75 75 75 75
resin C-2 70 50 75 75
evalua- total light 90.5 90.8 904 895 90.7 904 880 89.1 865 905 90.8 90.8 905 905 895
tion transmittance (%)
Haze (%) 0.5 0.5 0.7 1.0 0.4 0.6 1.8 1.2 2.4 2.8 0.5 0.5 0.6 0.6 1.0
Charpy impact strength 17.6 16.1 144 127 183 153 148 143 157 163 109 160 145 155 15.0
[unnotched] (kJ/m?)
Vicat softening 113 115 120 123 111 117 118 112 115 115 112 115 119 115 111
temperature (° C.)
appearance of extrusion A A B C A A B A C C B A B A A
molded product
TABLE 5
Comparative Example
1 2 3 4 5 6 7 8 9 10
resin copolymer B-1 25 30
compo- B-2 25 25
sition B-3 25
B-4 25
B-5 25
B-6 25
methacrylic C-1 75 75 75 75 75 75 100
resin C-2 70 75 100
evalua- total light 823 77.6 875 645 735 863 836 751 920 918
tion transmittance (%)
Haze (%) 20.6 415 24 960 782 103 153 565 0.3 0.3
Charpy impact strength 15.6 122 147 9.8 63 13,5 16.0 10.0 18.8 185
[unnotched] (kJ/m?)
Vicat softening 110 112 112 107 109 112 112 109 107 107
temperature (° C.)
appearance of extrusion D D D D D C D D A A
molded product
[0096] The pellets used in Examples 1 and 2 and Compara- [0100] B: film with 1 or more remarkable defects (defects

tive Examples 1 and 2 were dried at 90° C. for 2 hours,
followed by extrusion at 260° C. using a 40 mm¢ single screw
extruder and a 300 mm width T-die to give a sheet-form melt
resin. The sheet-form melt resin thus obtained was crimped
with a flexible roll, and was cooled with a cooling roll.
Accordingly, a film having a width of 250 mm and a thickness
of 100+5 pm was obtained. The following evaluation was
performed with the film obtained. Results of the evaluation
are shown in Table 6.

of 0.2 mm or larger including air voids), 5 or more small
defects found by visual observation, or remarkable defective
phenomenon such as die lines and melt fracture occurred with
the film

[0101] (Film Strength)

[0102] Testpieces were cut out from the non-stretched film.
Falling ball impact test was conducted with the test pieces in
accordance with the following conditions, and the impact
energy at which 50% of the test pieces broke was measured.
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[0103] Test Piece: non-stretched film having the size of 50
mm lengthx50 mm widthx100+5 pm thickness

[0104] Plumb Bob: iron ball of 11 mm diameter, 5.45 g
weight
[0105] Fixing Condition: The film was pinched with a ring

(inner diameter: 43 mm), and was fixed by 4 clips placed at
upper, lower, left, and right positions.

[0106] Theheightatwhich 50% of the test pieces broke was
measured with 1 cm interval in accordance with JIS K7211.
The impact energy at which 50% of the test pieces broke was
calculated from the results thus obtained.

[0107] (Measurement of Phase Difference)

[0108] The non-stretched film was stretched in accordance
with the following conditions.

[0109] Name of Apparatus: biaxial stretching testing appa-
ratus EX10-B
[0110] Test Piece: non-stretched film having the size of 90

mmx90 mmx100+5 pm thickness

[0111] Stretching Temperature: Vicat softening tempera-
ture+5° C.

[0112] Stretching Speed: 25 mm/min

[0113] Stretching Ratio: 2 times

[0114] Stretching Method: uniaxial stretching with free
width

[0115] The in-plane phase difference Re(590) and the

thickness phase difference Rth were measured with the non-
stretched film and the stretched film, by using the apparatus
described below. Here, the ones which broke during the
stretching due to lack of film strength were determined as
unacceptable, since they were unmeasureable.

[0116] Name of Apparatus: birefringence measurement
apparatus “KOBRA-WR (available from Oji Scientific
Instruments)”

[0117] Measurement Wavelength: 590 nm
TABLE 6
Comparative
Example Example
16 17 11 12
resin copolymer A-1 25
compo- A-2 25
sition B-1 25
B-2 25
methacrylic C-1 75 75 75 75
resin
evalua- film appearance excel- excel- poor poor
tion lent lent
film strength (mJ) 16 13 3 2
in-plane phase difference Re 3.1 2.5 40 48
of non-stretched film (nm)
thickness phase difference Rth -1.5 -1.3 -19 -24
of non-stretched film (nm)
in-plane phase difference Re 126.3 118.5 broke broke
of stretched film (nm)
thickness phase difference Rth ~ -62.3 -58.9 broke broke
of stretched film (nm)
[0118] All of the Examples of the resin composition for-

mulating the copolymers for improving heat resistance of a
methacrylic resin of the present invention (A-1) to (A-9) and
the methacrylic resin showed excellent transparency, impact
strength, and heat resistance; and the molded product had
excellent appearance. On the other hand, Comparative
Examples of the resin composition formulating the copoly-
mers (B-1) to (B-6) which did not satisfy the conditions of the
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present invention and the methacrylic resin were inferior in
either one of transparency, impact strength, and heat resis-
tance; or the molded product had poor appearance.

INDUSTRIAL APPLICABILITY

[0119] According to the present invention, a copolymer for
improving heat resistance of a methacrylic resin which can
achieve preservation of excellent transparency of the meth-
acrylic resin and improvement in heat resistance, and can
provide a molded product having excellent appearance, by
adding the copolymer to the methacrylic resin, can be pro-
vided.

1. A copolymer for improving heat resistance of a meth-
acrylic resin, comprising:

45 to 85 mass % of an aromatic vinyl monomer unit;

5 to 45 mass % of a (meth)acrylic acid ester monomer unit;

and

10 to 20 mass % of an unsaturated dicarboxylic acid anhy-

dride monomer unit; wherein

the copolymer has a total light transmittance of 88% or

more, the total light transmittance being measured in
accordance with ASTM D1003 for a sample with 2
mm-thickness.

2. The copolymer of claim 1, comprising:

50 to 80 mass % of the aromatic vinyl monomer unit;

8 t0 38 mass % of the (meth)acrylic acid ester monomer

unit; and

12 to 18 mass % of the unsaturated dicarboxylic acid anhy-

dride monomer unit.

3. The copolymer of claim 1, wherein the weight average
molecular weight (Mw) of the copolymer is 10x10* to
20%10%.

4. A resin composition, comprising:

5 to 50 mass % of the copolymer of claim 1; and

50 to 95 mass % of a methacrylic resin.

5. The resin composition of claim 4, wherein the meth-
acrylic resin comprises:

70 to 100 mass % of a meth(acrylic) acid ester monomer

unit; and

0 to 30 mass % of an aromatic vinyl monomer unit.

6. A molded body comprising a resin composition of claim
4.

7. The molded body of claim 6, being an optical part.

8. The molded body of claim 7, being an optical film.

9. The molded body of claim 8, being a polarizing film
protecting film, a retardation film, or an antireflection film.

10. The copolymer of claim 2, wherein the weight average
molecular weight (Mw) of the copolymer is 10x10* to
20%10%.

11. A resin composition, comprising:

5 to 50 mass % of the copolymer of claim 2; and

50 to 95 mass % of a methacrylic resin.

12. A resin composition, comprising:

5 to 50 mass % of the copolymer of claim 3; and

50 to 95 mass % of a methacrylic resin.

13. A resin composition, comprising:

5 to 50 mass % of the copolymer of claim 10; and

50 to 95 mass % of a methacrylic resin.

14. A molded body comprising a resin composition of
claim 2.

15. A molded body comprising a resin composition of
claim 3.

16. A molded body comprising a resin composition of
claim 10.
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17. A molded body comprising a resin composition of
claim 11.

18. A molded body comprising a resin composition of
claim 12.

19. A molded body comprising a resin composition of
claim 13.
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