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Description
Title of Invention: METHOD FOR PREPARING ACRYLIC
COPOLYMER RESIN FOR OPTICAL FILM AND METHOD
FOR FABRICATING OPTICAL FILM USING THE SAME
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Technical Field

The present invention relates to a method for preparing a resin for an optical film
and, more particularly, to a method for fabricating an acrylic copolymer resin having

excellent thermal stability.

Background Art

Recently, based on the development of optical technologies, display techniques using
various schemes, such as a plasma display panel (PDP), a liquid crystal display (LCD),
and the like, replacing the conventional Cathode Ray Tube, have been proposed and
have become available on the market.

Advanced level requirements are required for a polymer material used for such
displays. For example, in case of LCDs, as LCDs are becoming thinner, lighter, and
larger in terms of screen area, obtaining a wide viewing angle and a high contrast ratio,
suppressing of a change in an image color according to a viewing angle, and making a
screen display uniform have become particularly significant issues.

Accordingly, various polymer films are used for a polarization film, a polarizer
protective film, a retardation film, a plastic substrate, a light guide plate, and the like,
and various modes of LCD devices using twisted nematic (TN), super-twisted nematic
(STN), vertical alignment (VA), in-plane switching (IPS) liquid crystal cells, and the
like, as liquid crystal have been developed. These liquid crystal cells have a unique
liquid crystal arrangement, respectively having a unique optical anisotropy, and, in
order to compensate for the optical anisotropy, films obtained by stretching various
types of polymers and providing retardation function thereto have been proposed.

A polarization plate generally has a structure in which a triacetyl cellulose film
(TAC) film is laminated on a polarizer as a protective film, using a water-based
adhesive made of a polyvinylalcohol-based aqueous solution. In this respect, however,
neither the polyvinylalcohol film used as a polarizer nor the TAC film used as a
polarizer protective film have sufficient heat and moisture resistance. Thus, when the
polarization plate comprised of the films is used for a long period of time in high tem-
perature or high moisture conditions, the degree of polarization may be degraded, the
polarizer and the protective film may be separated, and optical characteristics may be
degraded, such that the polarization plate is variably restricted in terms of the purpose

thereof.
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Also, the TAC film has an in-plane retardation value (R;,) and a thickness retardation
value (Rg,) which are severely changed according to changes in ambient temperature
and moisture in the surrounding environment, and, in particular, a retardation value
with respect to incident light in a tilt direction is greatly varied. Thus, an application of
the polarization plate including the TAC film having the foregoing characteristics as a
protective film to an LCD device would result in a degradation of image quality due to
the viewing angle characteristics thereof being changed according to a change in the

ambient temperature and moisture environment.
Also, the TAC film has a great dimensional variation according to changes in

ambient temperature and moisture environments and a relatively high photoelastic co-
efficient value. Thus, after an evaluation of durability in a heat-resistant, moisture
resistant environment, retardation characteristics may be changed locally to thereby
degrade image quality. An acrylic resin has been well known as a material for com-
plementing the various shortcomings of the TAC film. However, the acrylic resin does
not have sufficient heat resistance characteristics, and creates a retardation in in-plane
and thickness directions after being stretched, and therefore is not appropriate to be
applied as a protective film.

Thus, in order to solve the problem of the related art, a method for preparing an
acrylic copolymer resin having little retardation in the in-plane and thickness di-
rections, a small photoelastic coefficient, and excellent heat resistance, even after being

stretched, to be used as a polarizer protective film, is required.
Disclosure of Invention

Technical Problem

An aspect of the present invention provides a method for preparing an acrylic
copolymer resin having excellent thermal stability, transparency, and optical physical
properties.

Solution to Problem

According to an aspect of the present invention, there is provided a method for
preparing an acrylic copolymer resin for an optical film, including: suspension-poly-
merizing an acrylic monomer containing a benzene ring, an alkyl(meth)acrylate
monomer, and a (meth)acrylic acid monomer to prepare an acrylic copolymer; and
thermally treating the copolymer at a temperature ranging from 240°C to 300°C .

The suspension-polymerizing may include: a first polymerization operation of
performing suspension polymerization at an initial reaction temperature ranging from
60°C to 90°C for two to three hours; and a second polymerization operation of in-
creasing the temperature by 5°C to 20°C, based on the temperature of the first poly-

merization operation, and additionally performing polymerization for one to two hours.
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3

For example, the second polymerization operation may be performed at a tem-
perature ranging from 80°C to 100°C.

In the preparing of the acrylic copolymer, 3 to 15 weight parts of an acrylic monomer
containing a benzene ring, 65 to 92 weight parts of an alkyl(meth)acrylate monomer,
and 5 to 20 weight parts of a (meth)acrylic acid monomer may be suspension-
polymerized.

In the preparing of the acrylic copolymer, 3 to 15 weight parts of a benzyl-
methacrylate, 65 to 92 weight parts of a methylmethacrylate monomer, and 5 to 20
weight parts of a methacrylic acid monomer may be suspension-polymerized.

The acrylic monomer containing a benzene ring may be selected from the group
consisting of benzyl methacrylate, 1-phenylethyl methacrylate, 2-phenoxyethyl
methacrylate, 2-phenylethyl methacrylate, 3-phenylpropyl methacrylate,
3-phenylpropyl acrylate, and 2-phenoxyethyl acrylate.

The alkyl group of the alkyl(meth)acrylate monomer may have 1 to 10 carbon atoms.

The alkyl(meth)acrylate monomer may be selected from the group consisting of
methylacrylate, ethylacrylate, methylmethacrylate, ethylmethacrylate,
methylethacryate, and ethylethacrylate.

The (meth)acrylic acid monomer may be selected from the group consisting of
acrylic acid, methacrylic acid, methylacryl acid, methylmethacrylic acid, ethylacrylic
acid, ethylmethacrylic acid, butylacrylic acid, and butylmethacrylic acid.

The acrylic copolymer resin for an optical film obtained by the preparation method
may include glutaric anhydride.

The acrylic copolymer resin for an optical film obtained through the preparation
method may include 3 to 15 weight parts of an acrylic unit containing a benzene ring,
65 to 92 weight parts of an alkyl(meth)acrylate unit, O to 4 weight parts of a
(meth)acrylic acid unit, and 5 to 16 weight parts of a glutaric anhydride unit, over 100
weight parts of the acrylic copolymer resin.

A glass transition temperature of the acrylic copolymer resin may be 120°C or higher.

Haze of the acrylic copolymer resin may range from 0.1 to 1%, and transmittance
thereof may be 90% or more.

The thermal treatment may be performed as an extrusion operation.

The extrusion operation may be performed by performing a re-extrusion two to five
times by using a twin screw extruder.

The extrusion operation may be performed in vacuum at a pressure lower than 40
torr.

According to another aspect of the present invention, there is provided a method for
fabricating an optical film, including: suspension-polymerizing an acrylic monomer

containing a benzene ring, an alkyl(meth)acrylate monomer, and a (meth)acrylic acid
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monomer to prepare an acrylic copolymer; thermally treating the acrylic copolymer at
a temperature ranging from 240°C to 300°C; extruding the acrylic copolymer to

fabricate a film; and stretching the film.
The operation for preparing the acrylic copolymer may be the same as described

above, and thermally treating the acrylic copolymer and extruding the acrylic
copolymer to fabricate a film may be performed as a single operation.

The extrusion operation may be performed by performing a re-extrusion two to five
times by using a twin screw extruder.

In the stretching operation, the film may be stretched in a vertical direction (i.e., in a
mechanical direction (MD)) so as to be double and then stretched biaxially in a
horizontal direction (i.e., in a transverse direction (TD)) so as to be triple.

The optical film having an in-plane retardation value represented by Equation 1
shown below and a thickness retardation value represented by Equation 2 shown below
may range from -5 to 5 nm respectively:

[Equation 1] Ry, = (nx-ny) X d

[Equation 2] Ry, = (n, - ny) x d

In Equation 1 and Equation 2, ny is a refractive index in a direction in which the re-
fractive index is the greatest in the in-plane direction, ny is a refractive index in a
direction perpendicular to the n, direction in the in-plane direction, n, is a refractive
index in a thicknesswise direction, and d is the thickness of the film.

The optical film may have a coefficient of thermal expansion (CTE) of 70 ppm/°C or
lower.

Advantageous Effects of Invention

As set forth above, with the method for preparing an acrylic copolymer resin and a
method for fabricating an optical film using the same according to the present
invention, a resin having an effectively lowered CTE and an optical film can be manu-
factured by inducing the formation of a glutaric anhydride structure by using
suspension polymerization that facilitates adjustment of the molecular weight of a
resin.

Best Mode for Carrying out the Invention

An aspect of the present invention provides a method for preparing an acrylic
copolymer resin for an optical film, including: suspension-polymerizing an acrylic
monomer containing a benzene ring, an alkyl(meth)acrylate monomer, and a
(meth)acrylic acid monomer to prepare a copolymer ; and thermally treating the
copolymer at a temperature ranging from 240°C to 300°C.

The copolymer may be a block copolymer or a random copolymer, but the form of

the copolymer is not limited thereto.
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[38] In an embodiment of the present invention, preparation of an acrylic copolymer may
use suspension polymerization, and here, suspension polymerization includes any
suspension polymerization methods generally used in the related art. For example, in a
suspension polymerization method, a raw material monomer is dispersed in an im-
miscible liquid such as water and polymerized by adding an initiator, or the like,
thereto. With this method, heat generated as a polymer is polymerized is transferred to
the immiscible liquid, facilitating controlling of heating and adjusting of molecular
weight in relation to toughness. Preferably, an immerscible liquid that may be used in
an embodiment of the present invention is water.

[39] Preferably, the suspension-polymerization operation may be performed by including
a first polymerization operation of performing suspension polymerization at an initial
reaction temperature ranging from 60°C to 90°C for two to three hours and a second
polymerization operation of increasing the temperature to 80°C to 100°C and addi-
tionally performing polymerization for one to two hours.

[40] The first polymerization operation of performing suspension polymerization at the
initial reaction temperature satisfies a condition of an initiator used in the related art. If
the initial reaction temperature is lower than 60°C, it may not be able to effectively
secure a polymerization conversion ratio, and if the initial reaction temperature
exceeds 90°C, there may be a problem in controlling an initial reaction such as heat
controlling. In the first polymerization operation, a reaction temperature may be set
according to a half-life of the initiator and a reaction duration may be adjusted to be
two to three hours. The reaction duration is related to efficiency, which is not par-
ticularly limited so long as it is within a range in which an appropriate polymerization
level is obtainable; however, since it is more effective as the reaction duration is
shorter, the reaction duration may be two to three hours.

[41] Thereafter, the conversion ratio may be enhanced by the second polymerization
operation in which the temperature is increased and polymerization is additionally
performed. The temperature in the second polymerization operation may be increased
to be higher by about 5°C to 20°C, preferably, by 10°C, based on the initial poly-
merization temperature in the aspect of completing the polymerization of an unreacted
monomer. Specifically, the second polymerization operation is preferably performed at
a temperature ranging from 80°C to 100°C. If the additional polymerization operation
is performed at a temperature lower than 80°C, efficiency in completing the poly-
merization may be degraded, and if the additional polymerization operation is
performed at a temperature higher than 100°C, it may be difficult to control a reaction
such as a rise in temperature. Preferably, in terms of efficiency, the reaction duration is
one to two hours.

[42] In an embodiment of the present invention, in order to enhance toughness of a
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stretched film, a resin is prepared by using suspension polymerization facilitating the
adjustment of molecular weight of the resin, and since the heat treatment operation is
included, a formation of glutaric anhydride may be induced by providing thermal
history to the resin.

In the thermal treatment operation of the present embodiment, the prepared
copolymer is heated to a temperature ranging from 240°C to 300°C, and preferably, to
a temperature ranging from 260°C to 290°C. If the temperature for the thermal
treatment operation is lower than 240°C, glutaric anhydride may not be effectively
generated, and if the temperature for the thermal treatment operation exceeds 300°C,
there may be a problem with stability in relation to resin decomposition.

In the case of the suspension polymerization, since there may be a limitation in the
process of applying heat as water is used, and since the resin is obtained through a de-
hydration process, the thermal treatment operation may be performed as an extrusion
operation. Namely, it is preferable in terms of process that the copolymer obtained in
the form of granule according to the outcome of the suspension polymerization is hot-
extruded at a temperature ranging from 240°C to 300°C so as to be prepared. In this
case, more preferably, the copolymer is re-extruded two to five times by using a twin
screw extruder, but the number of re-extrusions may vary, depending on the tem-
perature and the length of the extruder, and an amount of extrusions exceeding five
times is not desirable in terms of stability, according to resin degradation.

In particular, preferably, the copolymer is re-extruded two or more times by using the
twin screw extruder with the screws having a length of about 1 m, but a single
extrusion may be performed according to a provided temperature range and device, or
a single screw extruder may be used under conditions in which heat transmission and
extrusion are effectively performed.

Meanwhile, the extrusion process may be preferably performed in a vacuum state,
and more preferably, performed in a state in which the degree of vacuum is less than
40 torr. Since, in an embodiment of the present invention, glutaric anhydride is
generated through the foregoing extrusion process, a higher efficiency than a case in
which methanol, or the like, generated in the conversion reaction is removed in a
vacuum can be obtained.

In general, when a film is fabricated by using an acrylic copolymer resin and
laminated with a TAC film, or the like, to fabricate a polarization plate, a curling
phenomenon in which the polarization plate is bent or distorted due to the difference
between the coefficients of thermal expansion of the two films occurs. However, in an
embodiment of the present invention, the acrylic copolymer resin including
(meth)acrylic acid monomer is thermally treated to induce a generation of glutaric

anhydride, thus lowering the coefficient of thermal expansion of the resin.
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The acrylic copolymer resin for an optical film prepared as described above may be
in a pellet state, and include glutaric anhydride.

The glutaric anhydride unit is generated as an alkyl(meth)acrylate unit and/or an
acrylic unit containing a benzene ring, and a (meth)acrylic acid unit react according to
the thermal treatment after the preparation of the copolymer. The content of the
glutaric anhydride unit within the finally obtained acrylic copolymer for an optical film
can be adjusted by regulating the content of the (meth)acrylic acid monomer applied
for polymerization and the degree of thermal treatment. In the present disclosure, unit
is used to designate a corresponding component that does not exist in the form of a
monomer in a case in which a monomer is polymerized to form a copolymer.

The four-composite copolymer including the glutaric anhydride unit has an effect of
reducing the coefficient of thermal expansion, which is not found in the three-
composite copolymer including the alkyl(meth) acrylate monomer, the acrylic
monomer containing a benzene ring, and the (meth)acrylic acid monomer, while
maintaining the same excellent retardation characteristics as those of the three-
composite copolymer. This is because macromolecule chain rotation is limited by a
bulky functional group of the glutaric anhydride.

Preferably, the content of the monomers added for polymerization is 3 to 15 weight
parts of an acrylic monomer containing the benzene ring, 65 to 92 weight parts of an
alkyl(meth)acrylate monomer, and 5 to 20 weight parts of a (meth)acrylic acid
monomer.

When the acrylic monomer containing the benzene rings is out of the given range,
there may be a problem in adjusting a retardation of a protective film. Also, if the
(meth)acrylic acid monomer is less than 5 weight parts, the content of the generated
glutaric anhydride may be insufficient to lower the coefficient of thermal expansion,
and if the (meth)acrylic acid monomer exceeds 20 weight parts, thermal stability of the
final resin may be increased, resulting in a film becoming brittle when fabricated.

The acrylic monomer containing the benzene ring serves to adjust the retardation in
in-plane or thickness directions, such that the acrylic copolymer resin according to an
embodiment of the present invention can be appropriately applied as a polarizer
protective film. The acrylic monomer containing the benzene ring may be substituted
with an aryl group having 6 to 40 carbon atoms, an arylalkyl group having 6 to 40
carbon atoms, an aryloxy group having 6 to 40 carbon atoms, or an aryloxyalkyl group
having 6 to 40 carbon atoms. Preferably, the acrylic monomer containing the benzene
ring may be (meth)acrylate substituted with an arylalkyl group having 6 to 15 carbon
atoms, an aryloxy group having 6 to 10 carbon atoms, or an aryloxyalkyl group having
6 to 15 carbon atoms in terms of transparency.

Preferred examples of the acrylic monomer containing a benzene ring may be
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selected from the group consisting of benzyl methacrylate, 1-phenylethyl methacrylate,
2-phenoxyethyl methacrylate, 2-phenylethyl methacrylate, 3-phenylpropyl
methacrylate, 3-phenylpropyl acrylate, and 2-phenoxyethyl acrylate. Most preferably,
the acrylic monomer containing the benzene ring may be benzyl methacrylate.

In the present disclosure, 'alkyl(meth)acrylate monomer' may refer to both an 'alky-
lacrylate monomer' and an 'alkylmethacrylate monomer'. When optical transparency,
compatibility with different resins, processibility, and productivity are taken into con-
sideration, the alkyl group of the alkyl(meth) acrylate monomer has, preferably, 1 to 10
carbon atoms, more preferably, 1 to 4 carbon atoms, and more preferably, is a methyl
group or an ethyl group.

In detail, the alkyl(meth)acrylate monomer may include methylacrylate, ethy-
lacrylate, methylmethacrylate, ethylmethacrylate, methylethacryate, ethylethacrylate,
and the like. Among them, methylmethacrylate is the most preferable, but the present
invention is not limited thereto.

In the present disclosure, the '(meth)acrylic acid monomer' refers to the inclusion of
an 'acrylic acid monomer' and a 'methacrylic acid monomer'. The (meth)acrylic acid
monomer allows the acrylic copolymer resin according to an embodiment of the
present invention to have sufficient thermal stability, and induces generation of glutaric
anhydride to thus lower the coefficient of thermal expansion of the resin.

The (meth)acrylic acid monomer may be substituted with an alkyl group having 1 to
5 carbon atoms, or may be unsubstituted. The (meth)acrylic acid monomer may be, for
example, acrylic acid, methacrylic acid, methylacryl acid, methylmethacrylic acid,
ethylacrylic acid, ethylmethacrylic acid, butylacrylic acid, butylmethacrylic acid, or the
like. Among these, the use of methacrylic acid is most economical.

Meanwhile, preferably, the acrylic copolymer resin for an optical film obtained
through the foregoing preparation method includes 3 to 15 weight parts of an acrylic
unit containing a benzene ring, 65 to 92 weight parts of an alkyl(meth)acrylate unit, O
to 4 weight parts of a (meth)acrylic acid unit, and 5 to 16 weight parts of a glutaric
anhydride unit.

When the glutaric anhydride is less than 5 weight parts over 100 weight parts of the
overall copolymer resin, the copolymer resin may not be effective to lower the co-
efficient of thermal expansion, and in order to prepare the copolymer resin in which
the content of glutaric anhydride exceeds 16 weight parts over 100 weight parts of the
overall copolymer resin, the content of acrylic acid may be required to be increased. In
this case, however, thermal stability may be increased to be so high as to make the
final film brittle. Thus, preferably, a great deal of acrylic acid is converted into glutaric
anhydride, after polymerization, to lower the coefficient of thermal expansion.

A weight-average molecular weight of the acrylic copolymer resin preferably ranges
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from 50000 to 500000 in terms of thermal stability, processibility, and productivity,
and more preferably, from 50000 to 200000.

A glass transition temperature Tg of the acrylic copolymer resin may preferably be
120°C or higher, and more preferably, 125°C or higher.

According to an embodiment of the present invention, there is provided a method for
fabricating an optical film, including: suspension-polymerizing an acrylic monomer
containing a benzene ring, an alkyl(meth)acrylate monomer, and a (meth)acrylic acid
monomer to prepare an acrylic copolymer; thermally treating the acrylic copolymer at
a temperature ranging from 240°C to 300°C; extruding the acrylic copolymer to
fabricate a film; and stretching the film.

The suspension-polymerizing an acrylic monomer containing a benzene ring, an
alkyl(meth)acrylate monomer, and a (meth)acrylic acid monomer to prepare an acrylic
copolymer, and thermally treating the acrylic copolymer at a temperature ranging from
240°C to 300°C have previously been described.

Preferably, the thermally treating and the extruding the acrylic copolymer to fabricate
a film are performed as a single operation. Namely, it is preferable, in terms of process,
that a copolymer obtained in the form of granules according to the outcome of the
suspension polymerization is hot-extruded at a temperature ranging from 240°C to
300°C to fabricate a film.

A film may be fabricated with the acrylic copolymer resin by a method well known
in the art such as a caster method, or the like, but the extrusion method, which is
economical, is desirous. In the extruding operation, preferably, the copolymer is re-
extruded two to five times by using a twin screw extruder, but a single extrusion may
be performed according to a provided temperature range and device, or a single screw
extruder may be used under conditions in which heat transmission and extrusion are ef-
fectively performed.

In case of fabricating an optical film by using the acrylic copolymer resin of the
present invention, uni-axially or bi-axially stretching the film may be additionally
performed. As for the stretching process, stretching in a mechanical direction (MD) (or
a vertical direction) and stretching in a transverse direction (TD) (or a horizontal
direction) may be separately performed, or both may be performed together. When
both vertical and horizontal stretching operations are performed, any one of vertical
stretching and horizontal stretching may first be performed and then the stretching in
the other direction may be performed. Alternatively, vertical and horizontal stretching
may be simultaneously performed. Stretching may be performed in a single stage or in
multiple stages. In the case of vertical stretching, the stretching may be performed
according to difference between the speeds of rollers, and in the case of horizontal

stretching, a tenter may be used. A rail initiation angle of the tenter is generally within
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10 degrees to restrain a bowing phenomenon occurring in the event of horizontal
stretching, and to control the angle of an optical axis regularly. The same bowing re-
straining effect can also be obtained by performing multistage horizontal stretching. In
the stretching operation, preferably, the film may be stretched in a vertical direction
(i.e., in a mechanical direction (MD)) so as to be double and then stretched biaxially in
a horizontal direction (i.e., in a transverse direction (TD)) so as to be triple. A con-

ditioner may be added according to circumstances, to fabricate a film.
When a glass transition temperature of the copolymer resin is Tg, the stretching may

be performed at a temperature ranging from (Tg - 20°C) ~ (Tg + 30°C). The glass
transition temperature refers to a temperature range starting from a temperature at
which a storage modulus of the copolymer resin starts to be lowered so a loss modulus
starts to be increased to be greater than the storage modulus to a temperature at which
orientation of polymer chains is lessened to be lost. The glass transition temperature
may be measured by a differential scanning calorimetry (DSC). Preferably, the tem-
perature at the time of the stretching process may be a glass transition temperature of
the film.

The optical film fabricated as described above having an in-plane retardation value
represented by Equation 1 shown below and a thickness retardation value represented
by Equation 2 shown below may range from -5 to 5 nm.

[Equation 1]

R, =(n,-ny) xd

[Equation 2]

Ry =(n,-ny) xd

In Equation 1 and Equation 2, n, is a refractive index in a direction in which the re-
fractive index is the greatest in the in-plane direction, n, is a refractive index in a
direction perpendicular to the n, direction in the in-plane direction, n, is a refractive
index in a thicknesswise direction, and d is the thickness of the film.

The thickness of the optical film fabricated as described above may range from 20 to
200 pm, preferably, range from 40 to 120 um, and have transparency (haze) ranging
from 0.1 to 1% and transmittance of 90% or more.

Meanwhile, preferably, the optical film has a coefficient of thermal expansion (CTE)
of 70 ppm/°C or lower. When the CTE exceeds 70 ppm/°C, curling may be generated
when the polarization plate is laminated.

When the thickness, transparency, and transmittance of the film are within the
foregoing ranges, in case of using the optical film according to an embodiment of the

present invention as a protective film of a polarizer, image quality is not degraded.

Mode for the Invention
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Hereinafter, the present invention will be described in detail through the following
embodiments. However, the following embodiments are merely illustrative, and the
scope of the present invention is not intended to be limited by the following em-
bodiments.

Embodiment 1

A mixture obtained by mixing 0.05 weight parts of 5% polyvinylalcohol aqueous
solution, 200 weight parts of water, 0.08 weight parts of t-hexyl peroxy-
2-ethylhexanoate as an initiator, 0.2 weight parts of t-dodecyl mercaptan, and 0.1
weight parts of NaCl with respect to 85 weight parts of methyl methacrylate (MMA), 5
weight parts of benzyl methacrylate (BZMA), and 10 weight parts of methacrylic acid
(MAA) was prepared.

The prepared mixture was primarily suspension-polymerized at an initial reaction
temperature of 80°C for two hours, and then, the temperature was raised to 95°C to
perform secondary polymerization on the resultant material for one hour. The resultant
material was then cleansed and dried to fabricate MMA-BzZMA-MAA beads.

The obtained beads were re-extruded twice through a co-rotating twin screw extruder
at 270°C to prepare a resin in a state of pellet, and at this time, the degree of vacuum
(Torr) was 20. The composition of the final resin is shown in Table 1 below and the
physical properties of the final resin are shown in Table 3 below.

After the fabricated pellet was dried, an extruded film having a thickness of 180um
was fabricated by using an extruder including a T-die. The fabricated film was
stretched in a mechanical direction (MD) so as to be double and then stretched
biaxially in a transverse direction (TD) so as to be triple, thus fabricating a film having
a thickness of 60um, and TAC and PVA were bonded to the film to fabricate a po-
larization plate. The physical properties of the film fabricated thusly are shown in
Table 5 below.

Embodiment 2

Except that the number of extrusions was three, a resin was fabricated through the
same process as that of Embodiment 1. The composition of the final resin is shown in
Table 1, the physical properties of the final resin are shown in Table 3, and the
physical properties of the film are shown in Table 5.

Embodiment 3

Except that 82 weight parts of methyl methacrylate (MMA), 10 weight parts of
benzyl methacrylate (BzZMA), and 8 weight parts of methacrylic acid (MAA) were
used, a resin was prepared through the same process as that of Embodiment 1. The
composition of the final resin is shown in Table 1, the physical properties of the final
resin are shown in Table 3, and the physical properties of the film are shown in Table
5.
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Embodiment 4

Except that 82 weight parts of methyl methacrylate (MMA), 10 weight parts of
benzyl methacrylate (BzZMA), and 8 weight parts of methacrylic acid (MAA) were
used and that the number of extrusions was three, a resin was fabricated through the
same process as that of Embodiment 1. The composition of the final resin is shown in
Table 1, the physical properties of the final resin are shown in Table 3, and the
physical properties of the film are shown in Table 5.

Embodiment 5

Except that 77 weight parts of methyl methacrylate (MMA), 8 weight parts of benzyl
methacrylate (BzZMA), and 15 weight parts of methacrylic acid (MAA) were used and
that first polymerization was performed at an initial reaction temperature of 90°C and
second polymerization was performed at the same temperature 90°C, without in-
creasing the temperature, a resin was fabricated through the same process as that of
Embodiment 1. The composition of the final resin is shown in Table 1, the physical
properties of the final resin are shown in Table 3, and the physical properties of the
film are shown in Table 5.

Embodiment 6

Except that 82 weight parts of methyl methacrylate (MMA) and 8 weight parts of
benzyl methacrylate (BzZMA) were used, a resin was fabricated through the same
process as that of Embodiment 1. The composition of the final resin is shown in Table
1, the physical properties of the final resin are shown in Table 3, and the physical
properties of the film are shown in Table 5.

Embodiment 7

Except that 78 weight parts of methyl methacrylate (MMA), 10 weight parts of
benzyl methacrylate (BzZMA), and 12 weight parts of methacrylic acid (MAA) were
used and that first polymerization was performed at an initial reaction temperature of
90°C, a resin was prepared through the same process as that of Embodiment 1. The
composition of the final resin is shown in Table 1, the physical properties of the final
resin are shown in Table 3, and the physical properties of the film are shown in Table
5.

Comparative Example 1

Except that 90 weight parts of methyl methacrylate (MMA), 0 weight parts of benzyl
methacrylate (BzZMA), and 10 weight parts of methacrylic acid (MAA) were used, a
resin was prepared through the same process as that of Embodiment 1. The com-
position of the final resin is shown in Table 2, the physical properties of the final resin
are shown in Table 4, and the physical properties of the film are shown in Table 6.

Comparative Example 2

Except that an extrusion process was not performed, a resin was fabricated through
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the same process as that of Embodiment 1. The composition of the final resin is shown
in Table 2, the physical properties of the final resin are shown in Table 4, and the
physical properties of the film are shown in Table 6.

Comparative Example 3

Except that extrusion was performed three times at an extrusion temperature of
200°C, a resin was fabricated through the same process as that of Embodiment 1. The
composition of the final resin is shown in Table 2, the physical properties of the final
resin are shown in Table 4, and the physical properties of the film are shown in Table
6.

Comparative Example 4

Except that extrusion was performed once at an extrusion temperature of 250°C, a
resin was fabricated through the same process as that of Embodiment 1. The com-
position of the final resin is shown in Table 2, the physical properties of the final resin
are shown in Table 4, and the physical properties of the film are shown in Table 6.

Comparative Example 5

Except that 78 weight parts of methyl methacrylate (MMA), 10 weight parts of
benzyl methacrylate (BzZMA), and 12 weight parts of methacrylic acid (MAA) were
used and that first polymerization was performed at an initial reaction temperature of
90°C and second polymerization was performed at the same temperature 90°C without
increasing the temperature, and that an extrusion process was not performed, a resin
was prepared through the same process as that of Embodiment 1. The composition of
the final resin is shown in Table 2, the physical properties of the final resin are shown
in Table 4, and the physical properties of the film are shown in Table 6.

Comparative Example 6

Except that 90 weight parts of methyl methacrylate (MMA), 10 weight parts of
benzyl methacrylate (BzZMA), and 0 weight parts of methacrylic acid (MAA) were
used and that first polymerization was performed at an initial reaction temperature of
90°C and second polymerization was performed at 95°C, and that an extrusion process
was not performed, a resin was prepared through the same process as that of Em-
bodiment 1. The composition of the final resin is shown in Table 2, the physical
properties of the final resin are shown in Table 4, and the physical properties of the
film are shown in Table 6.

Experimental Example 1: Evaluation of physical properties of final resin

The compositions of the final resins and physical evaluation method of the final resin
were as follows.

1. Weight-average molecular weight (Mw): The prepared resin was dissolved in
tetrahydropurane and measured by using gel permeation chromatography (GPC).

2. Tg (Glass transition temperature): Measured by using a Pyris 6 DSC from Perkin
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3. Haze and light transmittance: Measured based on an ASTM 1003 method.
4. Composition of final resin: Measured by using C3-NMR.

Table 1
[Table 1]
Final resin |[Embodi |Embodim |Embodim [Embodim [Embodi |Embodi |Embodi
compositi {[ment1 |ent2 ent 3 ent 4 mentS5 |ment6 |ment7
on
BzMA 6 6.1 10.2 10.2 8.4 8.3 10.1
MMA 84.2 84.2 81.7 81.5 77.5 81.7 78.2
MAA 2.2 1.2 1.6 1.1 2.8 1.7 2.0
G/A 7.6 8.5 6.5 7.2 11.3 8.3 9.7

* BZMA: Benzyl methacrylate

* MMA: Methyl methacrylate

* MAA: Methacrylic acid

* G/A: Glutaric anhydride

Table 2
[Table 2]
Final resin |Comparativ |Comparativ |Comparati |Comparati |Comparati |Comparativ
compositio |e Example |e Example |ve ve ve e Example
n 1 2 Example |Example |Example (6

3 4 5

BzMA 0 5.9 5.8 5.9 8.3 10.2
MMA 90.3 84.4 84.5 84.5 77.5 88.7
MAA 1.8 9.7 7.5 7.3 14.2 0
G/A 7.9 0 2.2 23 0 1.1

Table 3
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[Table 3]
Physical |[Embodi |Embodi |Embodim |[Embodi |Embodi |Embodi |Embodimen
properties |ment 1 |ment2 [ent3 ment4 |ment5 |ment6 |t7
of resin
Mw 120000 (118000 [130000 [129000 |103000 |122000 |115000
Tg (°C) 128 129 123 124 129 124 126
Haze (%) (0.2 0.2 0.1 0.2 0.3 0.2 0.2
Light 93.4 93.3 92.7 92.6 92.1 93.2 92.2
transmitta
nce (%)

Table 4
[Table 4]
Physical Comparati |Comparativ |Comparativ |Comparati |Comparati |[Comparativ
properties |ve e Example |e Example |ve ve e Example
of resin Example |2 3 Example |Example (6

1 4 5

Mw 130000  |122000 121000 12000 106000 123000
Tg (°C) 130 124 125 125 125 103
Haze (%) |0.2 0.3 0.2 0.2 0.4 0.2
Light trans-{93.3 93.1 93.1 92.9 91.3 92.1
mittance
(%)

[125]

[126]

[127]

[128]

[129]

[130]
[131]

Experimental Example 2: Evaluation of physical properties of film

A method for evaluating the physical properties of the film according to an em-

bodiment of the present invention is as follows.

1. Retardation value (R;,,Ry,): Measured by using an Elli-SE from Ellipso Tech. Co.,

Ltd.

2. Toughness: Measured by bending a 60m film ten times by hand to check whether

or not it would break (©: unbroken, O: broken one to three times, x: broken five or

more times)

3. CTE: Measured using a Perkin-Elmer TMA.

Table 5
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[Table 5]
Physical Embodi |Embodi |Embodi |Embodi |Embodi |Embodi [Embodi
properties of |ment1 |ment2 |ment3 |ment4 |ment5 |ment6 |ment7
film
Ri/R 0.3/-0.1 |0.3/-0.2 (0.7/-0.9 10.7/1.0 |2.2/-2.5 |1.6/-0.7 |1.1/0.1
Toughness |© © © © O © ©
CTE 58 55 62 59 51 58 54
(ppm/°C)

Table 6
[Table 6]
Physical Comparati [Comparati |Comparati |{Comparati |Comparati |Comparativ
properties of |ve ve ve ve ve e Example
film Example [Example |Example |Example [Example |6

1 2 3 4 5

Ri/R 10.9/13.1 {0.4/0.2 0.3/0.1 0.3/0.1 2.0/-2.1  |1.1/1.3
Toughness O © © © © O
CTE 57 82 78 76 77 81
(ppm/°C)

[134]
[135]

[136]

As described above, it was confirmed that when the acrylic copolymer resin and film

are fabricated by using the monomer content and process according to embodiments of

the present invention, the coefficient of thermal expansion was drastically reduced, and

in the case of Comparative Example 1, it was not within the retardation range available

for use as a polarizer protective film, although it had a reduced CTE.

Namely, in the present invention, the CTE can be lowered while satisfying the basic

conditions with respect to the polarizer protective film such as retardations by poly-

merizing using particular compositions and contents of monomers and performing a

thermal treatment thereupon.
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Claims

A method for preparing an acrylic copolymer resin for an optical film,
the method comprising:

suspension-polymerizing an acrylic monomer containing a benzene
ring, an alkyl(meth)acrylate monomer, and a (meth)acrylic acid
monomer to prepare an acrylic copolymer; and

thermally treating the acrylic copolymer at a temperature ranging from
240°C to 300°C.

The method of claim 1, wherein the suspension-polymerizing
comprises:

a first polymerization operation of performing suspension poly-
merization at an initial reaction temperature ranging from 60°C to 90°C
for two to three hours; and

a second polymerization operation of increasing the temperature by 5°C
to 20°C, based on the temperature of the first polymerization operation,
and additionally performing polymerization for one to two hours.

The method of claim 2, wherein the second polymerization operation is
performed at a temperature ranging from 80°C to 100°C.

The method of claim 1, wherein, in the preparing of the acrylic
copolymer, 3 to 15 weight parts of an acrylic monomer containing a
benzene ring, 65 to 92 weight parts of an alkyl(meth)acrylate monomer,
and 5 to 20 weight parts of a (meth)acrylic acid monomer are
suspension-polymerized.

The method of claim 1, wherein, in the preparing of the acrylic
copolymer, 3 to 15 weight parts of a benzylmethacrylate monomer, 65
to 92 weight parts of a methylmethacrylate monomer, and 5 to 20
weight parts of a methacrylic acid monomer are suspension-
polymerized.

The method of claim 1, wherein the acrylic monomer containing a
benzene ring is selected from the group consisting of benzyl
methacrylate, 1-phenylethyl methacrylate, 2-phenoxyethyl
methacrylate, 2-phenylethyl methacrylate, 3-phenylpropyl
methacrylate, 3-phenylpropyl acrylate, and 2-phenoxyethyl acrylate.
The method of claim 1, wherein the alkyl group of the
alkyl(meth)acrylate monomer has 1 to 10 carbon atoms.

The method of claim 1, wherein the alkyl(meth)acrylate monomer is

selected from the group consisting of methylacrylate, ethylacrylate,
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methylmethacrylate, ethylmethacrylate, methylethacryate, and
ethylethacrylate.

The method of claim 1, wherein the (meth)acrylic acid monomer is
selected from the group consisting of acrylic acid, methacrylic acid,
methylacryl acid, methylmethacrylic acid, ethylacrylic acid, ethyl-
methacrylic acid, butylacrylic acid, and butylmethacrylic acid.

The method of claim 1, wherein the acrylic copolymer resin for an
optical film obtained by the preparation method includes glutaric
anhydride.

The method of claim 1, wherein the acrylic copolymer resin for an
optical film obtained through the preparation method includes 3 to 15
weight parts of an acrylic unit containing a benzene ring, 65 to 92
weight parts of an alkyl(meth)acrylate unit, O to 4 weight parts of a
(meth)acrylic acid unit, and 5 to 16 weight parts of a glutaric anhydride
unit, over 100 weight parts of the acrylic copolymer resin.

The method of claim 1, wherein a glass transition temperature of the
acrylic copolymer resin is 120°C or higher.

The method of claim 1, wherein haze of the acrylic copolymer resin
ranges from 0.1 to 1%, and transmittance thereof is 90% or more.

The method of claim 1, wherein the thermal treatment is performed as
an extrusion operation.

The method of claim 14, wherein the extrusion operation is performed
by performing a re-extrusion two to five times by using a twin screw
extruder.

The method of claim 14, wherein the extrusion operation is performed
in vacuum at a pressure lower than 40 torr.

A method for fabricating an optical film, the method comprising:
suspension-polymerizing an acrylic monomer containing a benzene
ring, an alkyl(meth)acrylate monomer, and a (meth)acrylic acid
monomer to prepare an acrylic copolymer;

thermally treating the acrylic copolymer at a temperature ranging from
240°C to 300°C;

extruding the acrylic copolymer to fabricate a film; and

stretching the film.

The method of claim 17, wherein the suspension-polymerizing
comprises:

a first polymerization operation of performing suspension poly-

merization at an initial reaction temperature ranging from 60°C to 90°C
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for two to three hours; and

a second polymerization operation of increasing the temperature by 5°C
to 20°C, based on the temperature of the first polymerization operation,
and additionally performing polymerization for one to two hours.

[Claim 19] The method of claim 18, wherein the second polymerization operation
of the suspension-polymerizing is performed at a temperature ranging
from 80°C to 100°C.

[Claim 20] The method of claim 17, wherein, in the preparing of the acrylic
copolymer, 3 to 15 weight parts of an acrylic monomer containing a
benzene ring, 65 to 92 weight parts of an alkyl(meth)acrylate monomer,
and 5 to 20 weight parts of a (meth)acrylic acid monomer are
suspension-polymerized.

[Claim 21] The method of claim 17, wherein, in the preparing of the acrylic
copolymer, 3 to 15 weight parts of a benzylmethacrylate, 65 to 92
weight parts of a methylmethacrylate monomer, and 5 to 20 weight
parts of a methacrylic acid monomer are suspension-polymerized.

[Claim 22] The method of claim 17, wherein the acrylic monomer containing a
benzene ring is selected from the group consisting of benzyl
methacrylate, 1-phenylethyl methacrylate, 2-phenoxyethyl
methacrylate, 2-phenylethyl methacrylate, 3-phenylpropyl
methacrylate, 3-phenylpropyl acrylate, and 2-phenoxyethyl acrylate.

[Claim 23] The method of claim 17, wherein the alkyl(meth)acrylate monomer is
selected from the group consisting of methylacrylate, ethylacrylate,
methylmethacrylate, ethylmethacrylate, methylethacryate, and
ethylethacrylate.

[Claim 24] The method of claim 17, wherein the (meth)acrylic acid monomer is
selected from the group consisting of acrylic acid, methacrylic acid,
methylacryl acid, methylmethacrylic acid, ethylacrylic acid, ethyl-
methacrylic acid, butylacrylic acid, and butylmethacrylic acid.

[Claim 25] The method of claim 17, wherein the acrylic copolymer resin for an
optical film obtained by the preparation method includes glutaric
anhydride.

[Claim 26] The method of claim 17, wherein the acrylic copolymer resin for an
optical film obtained through the preparation method includes 3 to 15
weight parts of an acrylic unit containing a benzene ring, 65 to 92
weight parts of an alkyl(meth)acrylate unit, O to 4 weight parts of a
(meth)acrylic acid unit, and 5 to 16 weight parts of a glutaric anhydride

unit, over 100 weight parts of the acrylic copolymer resin.
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[Claim 27] The method of claim 17, wherein thermally treating the acrylic
copolymer and extruding the acrylic copolymer to fabricate a film are
performed as a single operation.

[Claim 28] The method of claim 27, wherein the extrusion operation is performed
by performing re-extruding twice by using a twin screw extruder.

[Claim 29] The method of claim 27, wherein the extrusion operation is performed
in vacuum at a pressure lower than 40 torr.

[Claim 30] The method of claim 17, wherein, in the stretching operation, the film
is stretched in a mechanical direction (MD) so as to be double and then
stretched biaxially in a transverse direction (TD) so as to be triple.

[Claim 31] The method of claim 17, wherein the optical film having an in-plane re-
tardation value represented by Equation 1 shown below and a thickness
retardation value represented by Equation 2 shown below may range
from -5 to 5 nm respectively:

[Equation 1] R;, = (n - ny) xd

[Equation 2] Ry, = (n, - ny) x d

wherein n, is a refractive index in a direction in which the refractive
index is the greatest in the in-plane direction, ny is a refractive index in
a direction perpendicular to the n, direction in the in-plane direction, n,
is a refractive index in a thicknesswise direction, and d is the thickness
of the film.

[Claim 32] The method of claim 17, wherein the optical film has a coefficient of

thermal expansion (CTE) of 70 ppm/°C or lower.



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2012/000869

A. CLASSIFICATION OF SUBJECT MATTER

COSF 220/10(2006.01)i, COSF 2/18(20006.01)i, CO8J 5/18(2006.01)i, GO2B 1/04(2006.01)i, GO2B 5/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

CO8F 220/10; CO8F 22/40; CO8F 220/18; CO8F 8/48; CO8F 8/00

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: acrylate resin for optical film, thermal treatment, (meth)acrylic acid unit

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See the whole document .

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 0264508 B1 (SUMITOMO CHEMICAL COMPANY, LTD.) 11 September 1991 1-3
Y See pages 3—4 4-32
Y KR 10-2010-0104518 A (LG CHEM. LTD.) 29 September 2010 4-32
See paragraphs [0014]-[0023].
A US 2009-0275718 A1l (WM, J.-G. et al.) 05 November 2009 1-32
See the whole document.
A US 4874824 A (HALLDEN-ABBERTON, M. P. et al.) 17 October 1989 1-32

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

e

e

ey

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

21 SEPTEMBER 2012 (21.09.2012)

Date of mailing of the international search report

24 SEPTEMBER 2012 (24.09.2012)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan
City, 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

Telephone No.

Jung Doo Young

82-42-481-8699

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2012/000869

Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0264508 B1 11.09. 1991 DE 3681452 D1 17.10. 1991
EP 0264508 A1 27.04.1988
JP 1593719 C 14.12.1990
JP 2016922 B 18.04. 1990
JP 61-254608 A 12.11.1986

KR 10-2010-0104518 A 29.09.2010 None

US 2009-0275718 A1 05.11.2009 CN 102015793 A 13.04.2011
CN 102015848 A 13.04.2011
EP 2272879 A2 12.01.2011
EP 2272901 A2 12.01.2011
JP 2011-519389 A 07.07.2011
JP 2011-519434 A 07.07.2011
KR 10-1091534 B1 13.12.2011
KR 10-1105424 B1 17.01.2012
KR 10-2009-0115040 A 04.11.2009
TW 200948887 A 01.12.2009
TW 200951164 A 16.12.2009
US 2009-0273838 A1 05.11.2009
US 2010-0311910 A1 09.12.2010
US 7875328 B2 25.01.2011
WO 2009-134097 A2 05.11.2009
WO 2009-134097 A3 30.12.2009
WO 2009-134098 A2 05.11.2009
WO 2009-134098 A3 05.11.2009

US 4874824 A 17.10. 1989 EP 0318197 A2 31.05.1989
EP 0318197 A3 02.01. 1991
EP 0318197 B1 30.12.1992
JP 01-294708 A 28.11.1989
JP 02-622596 B2 11.04.1997
KR 10-0136112 B1 25.04. 1998

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - wo-search-report
	Page 23 - wo-search-report

