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LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION(S)

[0001] This is a continuation of International Application
No. PCT/JP2013/077384 filed on Oct. 8, 2013, and claims
priority from Japanese Patent Application Nos. 2012-227510
filed on Oct. 12,2012, 2013-021838 filed on Feb. 6,2013, and
2013-049449 filed on Mar. 12, 2013, the entire disclosures of
which are incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a liquid crystal dis-

play device, and more particularly, to a liquid crystal display
device capable of solving a problem such as light leakage
after storing under a high-moisture environment that is actu-
alized in a liquid crystal display device using a thin glass
substrate.

[0004] 2. Background Art

[0005] A liquid crystal display device is a space-saving
image display device with low electric power consumption,
and its use is being expanded year by year. In the related art,
the liquid crystal display device has a large disadvantage that
the display image has large dependency on a viewing angle,
but a wide-viewing angle liquid crystal mode such as a VA
mode and an IPS mode has been commercialized, and as a
result, the demand for the liquid crystal display device has
been rapidly expanded even in a market in which a high-
quality image is required, such as in the television.

[0006] The basic configuration of the liquid crystal display
device is to dispose polarizing plates on both sides of a liquid
crystal cell. The polarizing plate serves to transmit only light
of a polarized plane in a predetermined direction, and the
performance of the liquid crystal display device greatly
depends on the performance of the polarizing plate. The VA
mode or the IPS mode is used as a normal black (displayed by
black when voltage between electrodes in the liquid crystal
cell is 0), and in this case, optical absorption axes of the
polarizing plates at both sides of the liquid crystal cell are
orthogonal to each other. Non-polarized light emitted from a
light source transmits only polarization in a predetermined
direction in the polarizing plate at the light source side, trans-
mits the polarizing plate while the polarization state is not
changed when passing through the liquid crystal cell, and is
absorbed by a polarizing plate at a viewer side of which the
optical absorption axis is orthogonal to the polarizing plate at
the light source side. Therefore, the black display may be
implemented.

[0007] The polarizing plate of the liquid crystal display
device generally has a structure in which a polarizer is con-
stituted of a polyvinyl alcohol film and the like, on which
iodine or a dye is adsorbed and oriented and transparent
protective films are attached on inner and outer sides of the
polarizer. A cellulose acylate-based polarizing plate protec-
tive film typically of cellulose acetate has high transparency
and may readily secure adhesiveness to polyvinyl alcohol
used in a polarizer, and thus has been widely used as a polar-
izing plate protective film.

[0008] Meanwhile, recently, the usage of acryl resin has
been continuously increased as the polarizing plate protective
film. The background thereof'is to ensure adhesion with poly-
vinyl alcohol by improving an adhesive technology.
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[0009] 1In recent years, with extension of a purpose of the
liquid crystal display, a large size and a high-definition texture
have been required with respect to the liquid crystal display.
In order to decrease a weight of a large-sized liquid crystal
display, the thicknesses of various members decrease and the
thickness of a glass substrate among the various members has
been decreased to 0.5 mm or less from 0.7 mm in the related
art. Further, in recent years, it is examined that the thickness
is 0.3 mm, and the like. Further, a part corresponding to a
frame such as a bezel is formed on the periphery of a screen
and the width of the part decreases in order to achieve the
high-definition texture.

[0010] In Japanese Patent Application Laid-Open No.
2002-6133 and Japanese Patent Application Laid-Open No.
2003-84136, color unevenness or discoloring when a polar-
izing plate is located under a high-temperature environment is
examined and it is disclosed that the color unevenness can be
enhanced by decreasing contractile force of a polarizer con-
stituting the polarizing plate.

[0011] However, in Japanese Patent Application Laid-
Open No. 2002-6133 and Japanese Patent Application Laid-
Open No. 2003-84136, an enhancement of the color uneven-
ness of the polarizing plate positioned under the high-
temperature environment within a short time is proposed,
while it is not noted a problem in occurrence of warp uneven-
ness (light leakage of four corners of the panel) based on
bending of a panel caused after a liquid crystal display using
a liquid crystal cell, in which a glass thickness is 0.5 mm or
less is positioned under a high-humidity environment for a
long time.

[0012] An object solved by the present invention is to pro-
vide a liquid crystal display that can resolve a problem in
warp unevenness based on bending of a panel which occurs
during turn-on after storage under a high-humidity environ-
ment, which is actualized as a liquid crystal display in which
the thickness of a glass substrate constituting a liquid crystal
cellis smaller (for example, large size (for example, 32 inches
or more) in which the thickness of the glass substrate is 0.5
mm or less).

[0013] The panel of the liquid crystal display includes the
liquid crystal cell and two polarizing plates on both sides of
the liquid crystal cell. When the liquid crystal display is
positioned under the high-humidity environment (for
example, 48 hours at 60° C. and a relative humidity of 90%
and 72 hours at 50° C. and a relative humidity of 80%), any
one polarizing plate of front and rear polarizing plates is also
hydrated and swelled. Thereafter, when the liquid crystal
display is left alone and dried, the hydrated and swelled
polarizing plate is dried and contracted. Herein, from the
reason that the rear polarizing plate is positioned under an
environment having higher airtightness than the front polar-
izing plate, the front polarizing plate is more rapidly dried,
and as a result, larger contractile force is generated, while the
rear polarizing plate is slowly dried and small contractile
force is generated. The present inventors have discovered that
the panel is bent due to a difference between the contractile
force of the front polarizing plate and the rear polarizing
plate, and as a result, four corners of the panel contacts the
bezel, thereby causing the warp unevenness (light leakage at
four corners of the panel).

[0014] Therefore, the present inventors have discovered
that as a result of closely examining suppression of the occur-
rence of the warp unevenness by decreasing the difference
between the contractile force of the front polarizing plate and
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the contractile force of the rear polarizing plate, considering
that a change in moisture content of the front polarizing plate
is larger than a change in moisture content of the rear polar-
izing plate which is slowly dried when the liquid crystal
display positioned under the high-humidity environment is
dried, a moisture content just after a high-temperature high-
humidity environment time elapses and just after a time
elapses under a low-humidity after the high-temperature
high-humidity environment time elapses is set within a pre-
determined range (dehydration suppression) to suppress the
bending of the panel, thereby suppressing the occurrence of
the warp unevenness of the front polarizing plate.

[0015] The present invention has been completed based on
these findings.

SUMMARY OF INVENTION
[0016] That is, the above object may be solved by the fol-

lowing configuration.

[0017] [1] A liquid crystal display including:

[0018] aliquid crystal cell in which a liquid crystal layer is
installed between two glass substrates;

[0019] polarizing plates on both surfaces of the liquid crys-
tal cell; and
[0020] a backlight at a rear side of the liquid crystal cell,

which is a non-visual side,

[0021] wherein in a polarizing plate at a front side of the
liquid crystal cell, which is a visual side, a difference in a
moisture content of the polarizing plate at the front side just
after a time under a condition (A) elapses and a moisture
content of the polarizing plate at the front side just after a time
under a condition (B) elapses is 0.01% or more and 3.0% or
less, wherein

[0022] Condition (A): Left alone for 48 hours under an
environment of 60° C. and the relative humidity of 90%,
and

[0023] Condition (B): Left alone for 6 hours under an

environment of 25° C. and the relative humidity of 10%

after being left alone for 48 hours under an environment

of 60° C. and the relative humidity of 90%.
[0024] [2] The liquid crystal display according to [1],
[0025] wherein in the polarizing plate at the front side of the
liquid crystal cell, which is the visual side, a difference in a
moisture content of the polarizing plate at the front side just
after a time under a condition (C) elapses and a moisture
content of the polarizing plate at the front side just after a time
under a condition (D) elapses is 0.01% or more and 3.0% or
less, wherein

[0026] Condition (C): Left alone for 120 hours under an
environment of 60° C. and the relative humidity of 90%,
and

[0027] Condition (D): Left alone for 6 hours under an

environment of 25° C. and the relative humidity of 10%

after being left alone for 120 hours under an environ-

ment of 60° C. and the relative humidity of 90%.
[0028] [3] The liquid crystal display according to [1] or[2],
[0029] wherein the polarizing plate at the front side
includes a polarizing plate protective film F1 disposed on a
surface of a polarizer at the front side, and
[0030] the polarizing plate protective film F1 has a moisture
permeability of 200 g/m*day or less and includes a thermo-
plastic resin film and a low moisture-permeable layer lami-
nated on the thermoplastic resin film, provided that the mois-
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ture permeability is a value after 24 hours elapse under
conditions of 40° C. and 90% RH, obtained by a manner in
accordance with JIS Z-0208.

[0031] [4] The liquid crystal display according to [3],
[0032] wherein at least one low moisture-permeable layer
in the polarizing plate protective film F1 satisfies Equation

@

A4/B=<0.9

[0033] wherein, in Equation (1), A represents a moisture
permeability of a film in which the at least one low moisture-
permeable layer is laminated on the thermoplastic resin film,
and

[0034] B represents a moisture permeability of the thermo-
plastic resin film, provided that moisture permeability is a
value after 24 hours elapse under conditions of 40° C. and
90% RH, obtained by a manner in accordance with JIS
7-0208.

[0035] [5] The liquid crystal display according to [3] or [4],
[0036] wherein a thermoplastic resin included in the ther-
moplastic resin film is a (meth) acrylic resin, an olefin-based
resin, a cellulous-based resin, a polycarbonate-based resin, a
polystyrene-based resin, a polyester-based resin, and a mixed
resin of multiple kinds of resins selected therefrom.

[0037] [6] The liquid crystal display according to [1],
[0038] wherein the polarizing plate at the front side
includes a polarizing plate protective film F1 disposed on a
surface of the polarizer at the front side, and

[0039] the polarizing plate protective film F1 satisfies
Equations (I) and (V):

Equation (1):

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

3000 nm=Re=30000 nm

[0040] wherein, in Equations (I) and (V), nx is a refractive
index of the polarizing plate protective film F1 in an in-plane
slow axis direction,

[0041] ny is a refractive index of the polarizing plate pro-
tective film F1 in an in-plane fast axis direction, and

[0042] disathickness of the polarizing plate protective film
F1, whose unit is nm.

[0043]
[0044] the polarizing plate at the front side includes a polar-
izing plate protective film F1 disposed on a surface of the
polarizer at the front side, and

[0045] the polarizing plate protective film F1 satisfies
Equations (V1) and (VII):

Nz=(nx-nz)/(nx-ny)

Equation (V)

[7] The liquid crystal display according to [6],

Equation (VI)
Nz=2.0

[0046] wherein, in Equation (VI), nx is a refractive index of
the polarizing plate protective film F1 in an in-plane slow axis
direction,

[0047] ny is a refractive index of the polarizing plate pro-
tective film F1 in an in-plane fast axis direction, and

[0048] nz is a refractive index of the polarizing plate pro-
tective film F1 in a thickness direction.

[0049] [8] The liquid crystal display according to any one
of [1]. [6] and [7],

[0050] wherein the polarizing plate protective film F1is a
polyester-based resin or a polyester-based resin.

Equation (VIT)
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[0051] [9] The liquid crystal display according to any one
of [3] to [8],

[0052] wherein the polarizing plate protective film F1 has a
moisture permeability of 75 g/m?/day or less, provided that
the moisture permeability is a value after 24 hours elapse
under conditions of 40° C. and 90% RH, obtained by a man-
ner in accordance with JIS Z-0208.

[0053] [10] The liquid crystal display according to any one
of [1] to [9],
[0054] wherein the polarizing plate at the front side

includes a polarizing plate protective film F2 disposed on a
surface of a polarizer at a liquid crystal cell side,

[0055] the polarizing plate protective film F2 is a thermo-
plastic resin film, and

[0056] a thermoplastic resin included in the thermoplastic
resin film is a (meth) acrylic resin, a polycarbonate-based
resin, a polystyrene-based resin, a cyclic polyolefin-based
resin, a glutaric anhydride-based resin, a glutarimide-based
resin, a cellulous-based resin, and a mixed resin of multiple
kinds of resins selected therefrom.

[0057] [11] The liquid crystal display according to any one
of [1] to [10],
[0058] wherein in a polarizing plate installed at the rear side

of the liquid crystal cell, a difference of a moisture content of
the polarizing plate just after a time under a condition (A)
elapses and a moisture content of the polarizing plate just
after a time under a condition (B) elapses is 0.01% or more
and 3.0% or less:

[0059] Condition (A): Left alone for 48 hours under an
environment of 60° C. and the relative humidity of 90%,
and

[0060] Condition (B): Left alone for 6 hours under an

environment of 25° C. and the relative humidity of 10%
after being left alone for 48 hours under an environment
of 60° C. and the relative humidity of 90%.

[0061] [12] The liquid crystal display according to any one
of [1] to [11],
[0062] wherein in a polarizing plate at the rear side of the

liquid crystal cell, a difference of a moisture content of the
polarizing plate just after a time under a condition (C) elapses
and a moisture content of the polarizing plate just after a time
under a condition (D) elapses is 0.01% or more and 3.0% or
less:

[0063] Condition (C): Left alone for 120 hours under an
environment of 60° C. and the relative humidity of 90%,
and

[0064] Condition (D): Left alone for 6 hours under an

environment of 25° C. and the relative humidity of 10%
after being left alone for 120 hours under an environ-
ment of 60° C. and the relative humidity of 90%.

[0065]
[12],
[0066] wherein the polarizing plate at the rear side includes
apolarizing plate protective film F4 on a surface of a polarizer
at a backlight side, and

[0067] the polarizing plate protective film F4 has a moisture
permeability of 200 g/m*/day or less and includes a thermo-
plastic resin film and a low moisture-permeable layer lami-
nated on the thermoplastic resin film, provided that the mois-
ture permeability is a value after 24 hours elapse under
conditions of 40° C. and 90% RH, obtained by a manner in
accordance with JIS Z-0208.

[13] The liquid crystal display according to [11] or
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[0068] [14] The liquid crystal display according to [13],
[0069] wherein at least one low moisture-permeable layer
in the polarizing plate protective film F4 satisfies Equation
1)

A4/B=0.9

[0070] wherein, in Equation (1), A represents a moisture
permeability of a film in which the at least one low moisture-
permeable layer is laminated on the thermoplastic resin film,
and

[0071] B represents a moisture permeability of the thermo-
plastic resin film, provided that the moisture permeability is a
value after 24 hours elapse at 40° C. and a relative humidity of
90%, obtained by a manner in accordance with JIS Z-0208.
[0072] [15] The liquid crystal display according to [13] or
[14],

[0073] wherein a thermoplastic resin included in the ther-
moplastic resin film is a (meth) acrylic resin, an olefin-based
resin, a cellulous-based resin, a polycarbonate-based resin, a
polystyrene-based resin, a polyester-based resin, and a mixed
resin of multiple kinds of resins selected therefrom.

[0074] [16] The liquid crystal display according to [11] or
[12],

[0075] wherein the polarizing plate at the rear side includes
a polarizing plate protective film F4 disposed on a surface of
a polarizer at the rear side, and the polarizing plate protective
film F4 satisfies Equations (I) and (V):

Equation (1)

Re=(nx-ny)sd Equation (I)
3000 nm=Re<30000 nm Equation (V)
[0076] wherein nx is a refractive index of the polarizing

plate protective film F4 in an in-plane slow axis direction,
[0077] ny is a refractive index of the polarizing plate pro-
tective film F4 in an in-plane fast axis direction, and

[0078] disa thickness of the polarizing plate protective film
F4, whose unit is nm.

[0079] [17] The liquid crystal display according to [16],
[0080] wherein the polarizing plate at the rear side includes
a polarizing plate protective film F4 disposed on a surface of
a polarizer at the rear side, and

[0081] the polarizing plate protective film F4 satisfies
Equations (VT) and (VII):

Nz=(nx-nz)/(nx-ny) Equation (VI)

Nz=2.0 Equation (VII)

wherein, in Equation (VI), nx is a refractive index of the
polarizing plate protective film F4 in an in-plane slow axis
direction,

[0082] ny is a refractive index of the polarizing plate pro-
tective film F4 in an in-plane fast axis direction, and

[0083] nz is a refractive index of the polarizing plate pro-
tective film F4 in a thickness direction.

[0084] [18] The liquid crystal display according to any one
of [11], [12], [16] and [17], wherein the polarizing plate
protective film F4 is a polyester-based resin or a polycarbon-
ate-based resin.

[0085] [19] The liquid crystal display according to any one
of [13] to [18],
[0086] wherein the polarizing plate protective film F4 has a

moisture permeability of 75 g/m*/day or less, provided that,
the moisture permeability is a value after 24 hours elapse
under conditions of 40° C. and 90% RH, obtained by a man-
ner in accordance with JIS Z-0208.
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[0087] [20] The liquid crystal display according to any one
of [11] to [19],
[0088] wherein the polarizing plate at the rear side includes

a polarizing plate protective film F3 disposed on a surface of
a polarizer at a liquid crystal cell side,

[0089] the polarizing plate protective film F3 is a thermo-
plastic resin film, and

[0090] a thermoplastic resin included in the thermoplastic
resin film is a (meth) acrylic resin, a polycarbonate-based
resin, a polystyrene-based resin, a cyclic polyolefin-based
resin, a glutaric anhydride-based resin, a glutarimide-based
resin, a cellulous-based resin, and a mixed resin of multiple
kinds of resins selected therefrom.

[0091] [21] The liquid crystal display according to any one
of [1] to [20],
[0092] wherein the glass substrate of the liquid crystal cell

has a thickness of 0.5 mm or less.

[0093] There may be provided a liquid crystal display, in
particular, a liquid crystal display that can resolve a problem
in warp unevenness (light leakage at four corners of the panel)
based on bending of the panel which occurs during turn-on
after storage under a high-humidity environment, which is
actualized as the large-sized liquid crystal display in which
the thickness of a glass substrate constituting a liquid crystal
cell is 0.5 mm or less. As a result, a liquid crystal display
which may be used all over the world.

BRIEF DESCRIPTION OF DRAWINGS

[0094] FIG. 1 is a schematic diagram illustrating a layer
configuration of an example of a liquid crystal display device
of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0095] In the present specification, a numerical range rep-
resented by using “~” denotes a range including numerical
values described before and after “~” as a lower limit and an
upper limit. In addition, in the present specification, the
description “(meth)acrylate” means “at least one of acrylate
and methacrylate”. “(meth)acrylate resin”, “(meth)acrylate”,
“(meth)acryloyl”, and the like are the same.

[0096] Inthe description of the present embodiment, unless
otherwise described, “polarizing plate” is used to include
both along polarizing plate and a polarizing plate cut into size
suitable for incorporation into a display device. Further, “cut-
ting” mentioned herein also includes “punching”, “clipping”
and the like.

[0097] In addition, a “slow axis” means the direction in
which a refractive index is the largest, and unless otherwise
described, a measurement wavelength of the refractive index
is a value in a visible light region (A=590 nm).

[0098] Further, in the present specification, it is analyzed
that values, in regard to value ranges, and qualitative expres-
sions (for example, expressions such as “equivalent”, and
“equal”) indicating optical characteristics of respective mem-
bers such as an optical film and a liquid crystal layer indicate
values, value ranges, and properties including a generally
permitted error in regard to the liquid crystal display or a
member used therefor.

[0099] In addition, in the present specification, in describ-
ing a layout between respective axial directions or an angle of
a cross angle, “parallel”, “orthogonal”, “0°”, “90°”, and the
like without indicating the range mean “substantially paral-
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lel”, “substantially orthogonal”, “substantially 0°”, and “sub-
stantially 90°” and are not strict. Within a range to achieve
respective objects, a slight deviation is permitted. For
example, “parallel” “0°” means that the cross angle is sub-
stantially 0°, =10° to 10°, preferably -5° to 5°, and more
preferably -3° to 3°. “Orthogonal” “90°” means that the cross
angle is substantially 90°, 80° to 100°, preferably 85° to 95°,
and more preferably 87° to 93°.

[0100] [Liquid Crystal Display of Present Invention]
[0101] The liquid crystal display of the present invention
includes

[0102] aliquid crystal cell in which a liquid crystal layer is

installed between two glass substrates; and

[0103] polarizing plates installed on both surfaces of the
corresponding liquid crystal cell; and a backlight installed at
arear side (non-visual side) of the corresponding liquid crys-
tal cell. In the polarizing plate installed at a front side (visual
side) of the liquid crystal cell, a difference of a moisture
content of the polarizing plate just after a time at Condition
(A) given below elapses and a moisture content of the polar-
izing plate just after a time at Condition (B) given below
elapses 1s 0.01% or more and 3.0% or less.

[0104] [Condition (A): Left alone for 48 hours under an
environment of 60° C. and a relative humidity of 90%)]
[0105] [Condition (B): Left alone for 6 hours under an
environment of 25° C. and a relative humidity of 10% after
being left alone for 48 hours under an environment of 60° C.
and the relative humidity of 90%]

[0106] In order to verify the difference in detail, the liquid
crystal display needs to be left alone under a high-tempera-
ture and high-humidity environment.

[0107] In the polarizing plate installed at the front side
(visual side) of the liquid crystal cell, a difference of a mois-
ture content of the polarizing plate just after a time at Condi-
tion (C) given below elapses and a moisture content of the
polarizing plate just after a time at Condition (D) given below
elapses is preferably 0.01% or more and 3.0% or less.
[0108] [Condition (C): Left alone for 120 hours under an
environment of 60° C. and the relative humidity of 90%]
[0109] [Condition (D): Left alone for 6 hours under an
environment of 25° C. and the relative humidity of 10% after
being left alone for 120 hours under an environment of 60° C.
and the relative humidity of 90%|

[0110] Alongitudinal direction of the liquid crystal display
or the panel may correspond to an absorption-axis direction
of the front polarizing plate and a transmission-axis direction
of the rear polarizing plate.

[0111] The longitudinal bending of the panel is suppressed
by decreasing a difference (D-H) between contractile force D
in the absorption-axis direction of the front polarizing plate
and contractile force H in the transmission-axis direction of
the rear polarizing plate is decreased to suppress the occur-
rence of the warp unevenness.

[0112] The front polarizing plate of the liquid crystal dis-
play which directly contacts an exterior of a case is easily
influenced by an external environment compared with the
rear polarizing plate in the case. When the liquid crystal
display is left alone after a time elapses under a low humidity
after the high-temperature high-humidity environment time
elapses, even though both the front polarizing plate and the
rear polarizing plate are hydrated after the high-temperature
high-humidity environment time elapses, since the front
polarizing plate is more rapidly humidity-controlled, the
moisture contents of the front polarizing plate and the rear
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polarizing plate are different from each other, and as a result,
the contractile force difference occurs. Therefore, the panel is
bent.

[0113] Herein, when the difference between the contractile
force of the front polarizing plate and the contractile force of
the rear polarizing plate is decreased, it is preferable that the
change in moisture content of the front polarizing plate is
decreased or the change in moisture content of the rear polar-
izing plate is increased, but it is difficult to increase the
change in moisture content of the rear polarizing plate in
designing the polarizing plate by considering that an environ-
mental change in the case is slower than a change in the
external environment and it is preferable to decrease the
change in moisture content of the front polarizing plate.
[0114] That is, the present invention has a hydration speed
so as for the polarizing plate to be hydrated under Condition
(A) and the front polarizing plate which is low at a dehydra-
tion speed of the polarizing plate is used under Condition (B),
and as a result, the difference of the moisture content of the
front polarizing plate between Condition (A) and Condition
(B)is decreased and the bending of the panel is suppressed to
enhance the warp unevenness.

[0115] Intheliquid crystal display of the present invention,
the polarizing plate is used as the front polarizing plate, in
which the difference of the moisture content of the polarizing
plate just after the time at Condition (A) elapses and the
moisture content of the polarizing plate just after the time at
Condition (B) elapses is 0.01% or more and 3.0% or less, but
further, the polarizing plate is more preferably used in both
the front polarizing plate and the rear polarizing plate.
[0116] Thereason is that the change in moisture content of
the front polarizing plate is small, but the moisture content of
the rear polarizing plate is changed, and as a result, both the
changes in moisture content of the front and rear polarizing
plates are suppressed, thereby decreasing the contractile
force difference.

[0117] The thickness of the glass substrate of the liquid
crystal panel of the liquid crystal display of the present inven-
tion is preferably 0.7 mm or less, more preferably 0.5 mm or
less, and even more preferably 0.3 mm or less.

[0118] As the thickness of the glass substrate is small, the
bending of the panel by the contractile force of the polarizing
plate becomes remarkable, and as a result, the present inven-
tion becomes more effective.

[0119] The liquid crystal panel of the liquid crystal display
of the present invention preferably has a size of 32 inches or
more. As the panel has a larger size, the bending of an end
becomes remarkable, and as a result, the present invention
becomes more effective.

[0120] Further, the bending of the panel is suppressed by
using a low moisture permeability film, and as a result, the
contact between the cell and the backlight member may be
suppressed and circular unevenness which is unevenness
caused due to the contact between the cell and the backlight
member may be enhanced.

[0121] When the liquid crystal display of the present inven-
tion is used under a condition in which a temperature change
and a humidity change are large (for example, a high-tem-
perature high-humidity area, and the like), the liquid crystal
display becomes more effective.

[0122] (Configuration of General Liquid Crystal Display)
[0123] The liquid crystal display is configured to include a
liquid crystal cell formed by immersing liquid crystals
between two electrode substrates, two polarizing plates dis-
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posed at both sides, and at least one optical compensatory
films is disposed between the corresponding liquid crystal
cell and the corresponding polarizing plate.

[0124] The liquid crystal layer of the liquid crystal cell is
generally formed by filling the liquid crystals in a space
formed by inserting a spacer between two substrates. A trans-
parent electrode layer as a transparent film including a con-
ductive material is formed on the substrate. Further, a gas
barrier layer, a hardcoat layer or an under coat layer (base
coating layer) (used for adhesion of the transparent electrode
layer) may be installed in the liquid crystal cell. The layer is
generally installed on the substrate. The substrate of the liquid
crystal cell generally has a thickness of 50 um to 2 mm
[0125] (Kind of Liquid Crystal Display)

[0126] The liquid crystal display of the present invention
may be used for the liquid crystal cell in various display
modes. Various display modes are proposed, such as TN
(Twisted Nematic), IPS (In-Plane Switching), FLC (Ferro-
electric Liquid Crystal), AFLC (Anti-ferroelectric Liquid
Crystal), OCB (Optically Compensatory Bend), STN (Super
Twisted Nematic), VA (Vertically Aligned), ECB (Electri-
cally Controlled Bireftingence), and HAN (Hybrid Aligned
Nematic). Further, a display mode is also proposed, in which
the display modes are aligned and partitioned. The optical
film of the present invention is effective even in the liquid
crystal display in any display mode. Further, the optical film
is effective even in any of transmission type, reflection type,
and semitransmission type liquid crystal displays devices.
[0127] In particular, the optical film is preferably used in
the transmission type TN mode, IPS or FFS mode, and VA
mode liquid crystal displays, more preferably used in the IPS
or FFS mode and VA mode, and even more preferably used in
the IPS or FFS mode.

[0128]

[0129] In the front polarizing plate of the liquid crystal
display of the present invention, the difference of the moisture
content of the polarizing plate just after the time at Condition
(A) elapses and the moisture content of the polarizing plate
just after the time at Condition (B) elapses is 0.01% or more
and 3.0% or less, more preferably, the moisture content is
0.05% or more and less than 2.5%, even more preferably
0.05% or more and less than 1.5%, particularly preferably
0.05% or more and less than 1.0%, and most preferably
0.05% or more and less than 0.5%.

[0130] Further, in the front polarizing plate of the liquid
crystal display of the present invention, the difference of the
moisture content of the polarizing plate just after the time at
Condition (C) elapses and the moisture content of the polar-
izing plate just after the time at Condition (D) elapses is
0.01% or more and 3.0% or less, more preferably, the mois-
ture content is 0.05% or more and less than 2.5%, even more
preferably 0.05% or more and less than 1.5%, particularly
preferably 0.05% or more and less than 1.0%, and most
preferably 0.05% or more and less than 0.5%.

[0131] Even in the rear polarizing plate, the difference of
the moisture content of the polarizing plate just after the time
at Condition (C) elapses and the moisture content of the
polarizing plate just after the time at Condition (D) elapses is
preferably 0.01% or more and 3.0% or less.

[0132] Herein, the change in moisture content is less than
0.01% when the polarizing plate made of a specific material
and having a specific configuration or in the case where cost
or versatility and performance are not sufficient such as the

[Polarizing Plate]



US 2015/0212368 Al

case in which the film thickness of the polarizer is extremely
smaller and a sufficient polarizing plate characteristic may
not be exhibited.

[0133] Further, in the present invention, the moisture con-
tent of the polarizing plate is measured just after humidity
control after the time elapses under a specific temperature/
humidity environment and the polarizing plate is peeled off in
the substrate while a polarizing plate protective film disposed
at the liquid crystal cell side of the polarizing plate, which
contacts the substrate that prevents water from passing, such
as a glass plate.

[0134] Thereasonis that the amount of water that enters the
polarizing plate through the polarizing plate protective film at
the front side (visual side) of the polarizer in the case of the
front (visual-side) polarizing plate and a polarizing plate pro-
tective film at a backlight side of the polarizer in the case the
rear (non-visual side) polarizing plate.

[0135] The measurement of the moisture content per-
formed through humidity control only in the polarizing plate
is not sufficient as a determination method of the panel bend-
ing and warp-unevenness levels because the water enters the
polarizing plate even from the polarizing plate protective film
disposed at the liquid crystal cell of the polarizer in an actual
panel.

[0136] The time just after the time elapses under Condi-
tions (A) and (C) indicates a time within 10 minutes after
extracting the polarizing plate from the environment in which
60° C. and the relative humidity of 90% to the environment in
which 25° C. and the relative humidity of 60% and the mois-
ture content is measured by inserting the measurement
sample member into the airtight container. Further, the time
just after the time elapses under Conditions (B) and (D)
indicates a time within 10 minutes from a predetermined time
under the environment in which 25° C. and the relative
humidity of 10% and the moisture content is measured by
inserting the measurement sample member into the airtight
container within the time.

[0137] The front polarizing plate of the liquid crystal dis-
play of the present invention has a polarizing plate protective
film F1 disposed on the surface of the front side (visual side)
of the polarizer and the polarizing plate protective film F1
preferably has a thermoplastic resin film and a low moisture-
permeable layer laminated on the corresponding thermoplas-
tic resin film. Further, the front polarizing plate has a polar-
izing plate protective film F2 disposed on the surface of the
liquid crystal cell side of the polarizer and the polarizing plate
protective film F2 is preferably the thermoplastic resin film.
[0138] Therear polarizing plate of the liquid crystal display
of the present invention has a polarizing plate protective film
F4 disposed on the surface of the backlight side of the polar-
izer and the polarizing plate protective film F4 preferably has
the thermoplastic resin film and the low moisture-permeable
layer laminated on the corresponding thermoplastic resin
film. Further, the rear polarizing plate has a polarizing plate
protective film F3 disposed on the surface of the liquid crystal
cell side of the polarizer and the polarizing plate protective
film F3 is preferably the thermoplastic resin film.

[0139] The polarizing plate protective film of the present
invention will be described below in detail.

[0140] The polarizing plate in the present invention may
include the polarizer and the polarizing plate protective film
laminated in the corresponding polarizer. The polarizing plate
in the present invention is also preferably configured by bond-
ing a protective film on one surface of the corresponding
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polarizing plate and a separate film on an opposite surface of
the corresponding polarizing plate.

[0141] Both the protective film and the separate film are
used for the purpose of protecting the polarizing plate during
shipment of the polarizing plate or inspection of the product.
In this case, the protective film is attached for the purpose of
protecting the surface of the polarizing plate, and the polar-
izing plate is used on the side opposite to the surface contact-
ing the liquid crystal plate. Further, the separate film is used
for the purpose of covering the adhesion layer which is
attached to the liquid crystal plate, and used on the side of a
surface, which attaches the polarizing plate to the liquid crys-
tal plate.

[0142] (Change Rate (%) of Moisture Content of Polarizing
Plate)
[0143] In terms of controlling the contractile force of the

polarizing plate to an appropriate value and suppressing the
bending of the panel, a difference in change of the moisture
content between an absorption-axis direction (MD direction)
of the front polarizing plate and a transmission-axis direction
(TD direction) of the rear polarizing plate is preferably small
and further, both the changes of the moisture contents are
more preferably small.

[0144] (Thickness of Polarizing Plate)

[0145] In terms of controlling the contractile force of the
polarizing plate to the appropriate value, the thickness of the
polarizing plate is preferably 170 pm or less, more preferably
160 um or less, and even more preferably 150 um. The lower
limit is not particularly limited, but is preferably 10 um or
more.

[0146] In terms of controlling the contractile force of the
polarizing plate to the appropriate value and suppressing the
bending of the panel, the thickness of the front polarizing
plate is particularly preferably 130 pum or less.

[0147] In terms of controlling the contractile force of the
polarizing plate to an appropriate value and suppressing the
bending ofthe panel, the thickness of the rear polarizing plate
is preferably 1.1 times larger than that of the front polarizing
plate.

[0148] (Elastic Modulus (GPa) of Polarizing Plate)

[0149] In terms of controlling the contractile force of the
polarizing plate to the appropriate value and suppressing the
bending of the panel, an elastic modulus in the absorption-
axis direction of the front polarizing plate is preferably 10
GPa or less, more preferably 9 GPa or less, and further par-
ticularly 8 GPa. The lower limit is not particularly limited, but
is preferably 2 GPa or more.

[0150] In the same terms, the elastic modulus in the trans-
mission-axis direction of the rear polarizing plate is prefer-
ably 6 GPa or less, more preferably 5 GPa or less, and further
particularly 4 GPa. The lower limit is not particularly limited,
but is preferably 1 GPa or more.

[0151] (Shape and Configuration)

[0152] The shape of the polarizing plate of the present
invention includes a polarizing plate with an aspect of a film
member cut into a size capable of being inserted into the
liquid crystal display and a polarizing plate with an aspect in
which the polarizing plate is manufactured to have a long
shape by continuous production and is wound up in a roll
shape (for example, an aspect of a roll length of 2,500 m or
more or 3,900 m or more). In order to manufacture the polar-
izing plate for a large-screen liquid crystal display, the width
of the polarizing plate is preferably 1,470 mm or more.
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[0153] <Polarizer>
[0154] The polarizer used in the polarizing plate of the

present invention preferably includes a polyvinyl alcohol-
based resin and a dichroic pigment.

[0155] (1-1) Polyvinyl Alcohol-Based Resin (Hereinafter,
Also Referred to as PVA)

[0156] The PVA is preferably a polymer material obtained
by saponifying polyvinyl acetate, and may include an ingre-
dient that may be copolymerized with unsaturated carboxylic
acids, unsaturated sulfonic acids, olefins, or vinyl acetate
such as vinyl ethers. In addition, a modified PVA including an
acetoacetyl group, a sulfonic acid group, a carboxyl group, an
oxyalkylene group or the like may also be used.

[0157] Otherwise, a PVA film including 1,2-glycol bonds
in an amount of 1.5 mol % or less as described in Japanese
Patent No. 3021494, a PVA film including optical foreign
objects having a size of 5 pm or more by 500 or less per 100
cm? as described in Japanese Patent Application Laid-Open
No. 2001-316492, a PVA film exhibiting an unevenness in
hot-water cutting temperature of 1.5° C. or lower in the TD
direction of the film as described in Japanese Patent Applica-
tion Laid-Open No. 2002-030163, or a PVA film formed from
a solution prepared by mixing 1 part by mass to 100 parts by
mass of trivalent to hexavalent polyhydric alcohol such as
glycerin or a solution prepared by mixing 15% by mass or
more of a plasticizer as described in Japanese Patent Appli-
cation Laid-Open No. H06-289225 may preferably be used
for the polarizing plate of the present invention.

[0158] Even among them, as the polyvinyl alcohol-based
resin used in the polarizer of the present invention, the poly-
mer material obtained by saponifying the polyvinyl acetate is
preferable in terms of manufacturing cost. Further, saponify-
ing the polyvinyl acetate is not particularly limited, but for
example, even saponifying is also preferably 90% or more,
more preferably 95% or more, and particularly preferably
99% or more.

[0159] In the present invention, a weight-average molecu-
lar weight of the polyvinyl alcohol-based resin is not particu-
larly limited, but is preferably 100,000 to 300,000, more
preferably 140,000 to 260,000, and particularly preferably
150,000 to 200,000,

[0160] (1-2) Dichroic Pigment

[0161] The polarizer of the present invention preferably
includes the dichroic pigment. Herein, the dichroic pigment
means a pigment of which light absorbance varies depending
on the direction in the specification and includes iodine ions,
a diazo-based pigment, a quinone-based pigment, other
known dichroic dyes, and the like. As the dichroic dye, a
higher iodine ion such as I5-, or I5-, or a dichroic dye may be
preferably used.

[0162] Thehigheriodineion is particularly preferably used
in the present invention. The higher iodine ions may be pro-
duced by immersing PVA in a solution that is prepared by
dissolving iodine in an aqueous solution of potassium iodide
and/or an aqueous solution of boric acid and allowing iodine
to be adsorbed and oriented by the PVA as described in
“Applications of Polarizing Plates”, edited by Ryo Nagata,
CMC Publishing Co., Ltd. or “Industrial Materials”, Vol 28,
No. 7, pp. 39 to 45.

[0163] (1-3) Film Thickness of Polarizer

[0164] In the present invention, as one of a means for set-
ting the contractile force of the polarizing plate to a predeter-
mined value, the contractile force of the polarizing plate may
be set to the predetermined value by setting the film thickness
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of the polarizer. The film thickness of the polarizer in the
present invention is preferably 30 um or less, more preferably
1.5 to 20 pum, even more preferably 3 to 16 um, and most
preferably 4 to 10 pm.

[0165] Both the thicknesses of the polarizers used in the
front and rear polarizing plates are preferably 30 um or less.
[0166] When the film thickness of the polarizer is larger
than 30 pm, the warp unevenness, the light leakage, and the
like may be caused in a tendency in which the contractile
force of the polarizing plate increases and further, even
though the film thickness of the polarizer is excessively small,
the light leakage, and the like may be caused.

[0167] Further, in particular, in terms of decreasing the
difference (D-H) of the contractile force by suppressing the
contractile force of the front polarizing plate, the thickness of
the polarizer used in the front polarizing plate is preferably
smaller than that of the polarizer used in the rear polarizing

plate.
[0168] [Method for Preparing Polarizer|
[0169] A method for preparing the polarizer in the present

invention is not particularly limited as a method for preparing
the polarizer in the present invention, which includes polyvi-
nyl alcohol and iodine. For example, it is preferable to con-
figure the polarizer by making that the PVA into a film and
thereafter, introducing the iodine. The PVA film may be pre-
pared with reference to a method described in [0213] to
[0237] of Japanese Patent Application Laid-Open No. 2007-
86748, Japanese Patent Publication No. 3342516, Japanese
Patent Application Laid-Open Nos. 2001-302817, 2002-
144401, and the like.

[0170] Even among them, the method for preparing the
polarizer in the present invention preferably includes a pro-
cess of film-forming a polyvinyl alcohol-based resin solution
including the polyvinyl alcohol-based resin in a film type, a
process of stretching the polyvinyl alcohol-based resin film,
and a process of dying the polyvinyl alcohol-based resin film
after stretching by the dichroic pigment.

[0171] Indetail, it is particularly preferable that the method
for preparing the polarizer is sequentially performed in the
sequence of describing a process of preparing a PVA-based
resin solution, a casting process, a swelling process, a dyeing
process, a film hardening process, a stretching process and a
drying process. Further, during or after the above-described
processes, an on-line plane shape inspection process may be
included.

[0172] (Preparation of PVA-Based Resin Solution)

[0173] In the process of preparing the PVA-based resin
solution, it is preferable that a PVA-based resin is added while
being stirred with water and a stock solution acquired by
dissolving the PVA-based resin in water or an organic solvent
is prepared. The concentration of the polyvinyl alcohol-based
resin in the stock solution is preferably 5% by mass to 20% by
mass. A polyvinyl alcohol-based resin wet cake having a
moisture content of approximately 40% may be once pre-
pared by dehydrating acquired slurry. Further, in the case of
adding additives, for example, a method to put the wet-cake of
PVA inadissolver, add a plasticizer and water thereto, and stir
the dissolver while blowing in water steam from the bottom of
the dissolver is preferable. An internal resin temperature is
preferably achieved by warming the dissolver at 50° C. to
150° C., and the inside of the system may be pressurized.
[0174] (Casting)

[0175] As the casting process, a method for forming a film
by casting a stock solution of the PVA-based resin solution
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prepared above is generally preferably used. The casting
method is not particularly limited, but it is preferable that the
heated stock solution of the PVA-based resin solution is sup-
plied to a biaxial extruder and the stock solution is casted
from a discharge means (preferably a die and more preferably
aT-typeslit die) on a support by a gear pump to form the film.
In addition, the temperature of the resin solution discharged
from the die is not particularly limited.

[0176] As the support, a cast drum is preferable, and the
diameter, width, rotation speed and surface temperature of the
drum are not particularly limited. Even among them, the
diameter (R1) of the cast drum is preferably 2000 to 5000
mm, more preferably 2500 to 4500 mm, and particularly
preferably 3000 to 3500 mm

[0177] The width of the cast drum is preferably 2 to 6 m,
more preferably 3 to 5 m, and particularly preferable 4 to 5 m.
[0178] Therotation speed of the cast drum is preferably 2 to
20 m/minute, more preferably 4 to 12 m/minute, and particu-
larly preferably 5 to 10 m/minute.

[0179] The surface temperature of the cast drum is prefer-
ably 40 to 140° C., more preferably 60 or 120° C., and
particularly preferably 80 to 100° C.

[0180] A resin temperature of the T-type slit die outlet is
preferably from 40 to 140° C., more preferably 6010 120°C.,
and particularly preferably 80 to 100° C.

[0181] Thereafter, it is preferable that drying is performed
while alternately passing the rear side and surface of the
obtained roll through the drying roll. The diameter, width,
rotation speed and surface temperature of the drying roll are
not particularly limited. Even among them, the diameter (R1)
ofthe cast drum is preferably 200 to 450 mm, more preferably
250 to 400 mm, and particularly preferably 300 to 350 mm
[0182] Further, the obtained length of the film is not par-
ticularly limited, and a long-sized film of which the length is
2000 m or more and preferably 4000 m or more may be used.
The width of the film is not particularly limited, however, is
preferably 2 to 6 m and more preferably 3 to 5 m.

[0183] (Swelling)

[0184] The swelling process is preferably performed with
only water, but as described in Japanese Patent Application
Laid-Open No. 10-153709, in order to stabilize the optical
performance and avoid the generation of wrinkles of a polar-
izing plate substrate in a preparation line, the degree of swell-
ing of the polarizing plate substrate may be managed by
allowing a boric acid aqueous solution to swell the polarizing
plate substrate.

[0185] Furthermore, the temperature and time of the swell-
ing process may be arbitrarily set, but is preferably 10° C. to
60° C. and 5 seconds to 2,000 seconds.

[0186] Further, the film may beslightly stretched during the
swelling process, and for example, an aspect of stretching the
film 1.05 to 1.5 times is preferable and an aspect of stretching
the film approximately 1.3 times is more preferable.

[0187] (Dyeing)

[0188] As the dyeing process, a method described in Japa-
nese Patent Application Laid-Open No. 2002-86554 may be
used. Further, as a dyeing method, it is possible to use any
means such as immersion, application or spraying of iodine or
adyeing solution. In addition, as described in Japanese Patent
Application Laid-Open No. 2002-290025, it is possibletouse
the concentration of iodine, the temperature of a dye bath, the
stretching magnification in the bath and a method for dyeing
while stirring a bath solution in the bath.
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[0189] When the higher iodine ion is used as the dichroic
pigment, it is preferable that the dyeing process uses a solu-
tion obtained by dissolving iodine in a potassium iodide aque-
ous solution in iodine in order to obtain a high-contrast polar-
izing plate. In this case, as a mass ratio of iodine and
potassium iodide in the iodine-potassium iodide aqueous
solution, an aspect described in Japanese Patent Application
Laid-Open No. 2007-086748 may be used.

[0190] Furthermore, as described in Japanese Patent Pub-
lication No. 3145747, aboron-based compound such as boric
acid and borax may be added to a dyeing solution.

[0191] (Hardened Film)

[0192] Inthe film hardening process, acrosslinking agent is
preferably included by immersion in a crosslinking agent
solution or applying the solution. Further, as described in
Japanese Patent Application Laid-Open No. H11-52130, the
film hardening process may be performed by dividing the
process several times.

[0193] As the crosslinking agent, the crosslinking agents
described in U.S. Reissue Pat. No. 232,897 may be used, and
as described in Japanese Patent Publication No. 3357109,
polyvalent aldehyde may be used as the crosslinking agent in
order to improve the dimensional stability, but boric acids are
most preferably used. When boric acid is used as the
crosslinking agent used in the film hardening process, a metal
ion may be added to the boric acid-potassium iodide aqueous
solution. As the metal ion, zinc chloride is preferable, but as
described in Japanese Patent Application Laid-Open No.
2000-35512, halogenated zinc such as zinc iodide and zinc
saltsuch as zinc sulfate, and zinc acetate may be used instead
of zinc chloride.

[0194] In addition, the film may be hardened by preparing
aboric acid-potassium iodide aqueous solution to which zinc
chloride is added and immersing a PVA film in the solution,
and itis possible to use a method described in Japanese Patent
Laid-Open No. 2007-086748.

[0195] In the present invention, as one of a means for set-
ting the contractile force of the polarizing plate to the prede-
termined value, the contractile force of the polarizing plate
may be set to the predetermined value by appropriately per-
forming a film hardening condition (adjustment of a film
hardening time, and the like) of the polarizer.

[0196] (Stretching)

[0197] The stretching process may preferably use a longi-
tudinal uniaxial stretching mode as described in U.S. Pat. No.
2,454,515, or a tenter mode as described in Japanese Patent
Application Laid-Open No. 2002-86554. The preferable
stretching magnification is 2 folds to 12 folds and more pref-
erably 3 folds to 10 folds. Furthermore, the method may be
preferably performed may be achieved by defining (the film
thickness of a polarizer after bonding the protective film/film
thickness of a raw fabric)x(the whole stretching magnifica-
tion)>0.17 as described in Japanese Patent Application Laid-
Open No. 2002-040256 as the relationship between the
stretching magnification, the thickness of a raw fabric and the
thickness of a polarizer, or by defining 0.80 (the width of the
polarizer during bonding of the protective film/the width of
the polarizer when discharged from the bath at the last time)
0.95 as described in Japanese Patent Application Laid-Open
No.2002-040247 as the relationship between the width of the
polarizer when discharged from the bath at the last time and
the width of the polarizer during bonding of the protective
film.
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[0198] In the present invention, as one of the means for
setting the contractile force of the polarizing plate to the
predetermined value, the contractile force of the polarizing
plate may be set to the predetermined value by appropriately
adjusting the stretching magnification.

[0199] (Drying)

[0200] The drying process may use a method known in
Japanese Patent Application Laid-Open No. 2002-86554, a
preferable temperature range is 30° C. to 100° C. and a
preferable drying time is 30 seconds to 60 minutes. Further, a
thermal treatment in which discoloration temperature in
water is set to 50° C. or higher as described in Japanese Patent
Publication No. 3148513, or aging in an atmosphere in which
the temperature and relative humidity are controlled as
described in Japanese Patent Application Laid-Open No.
HO07-325215 or Japanese Patent Application Laid-Open No.
HO07-325218, may also be preferably performed.

[0201]

[0202] Further, the polarizer having the small film thick-
ness may be formed by a preparation method using an appli-
cation method described in Japanese Patent Application No.
4691205 or Japanese Patent Application No. 4751481.

[0203] It is preferable that a polarizer having a film thick-
ness of 1.5 pm to 20 um is prepared by the process.

[0204] Further, the film thickness may be controlled by a
known method, and may be controlled, for example, by set-
ting a die slit width or stretching conditions in the casting
process to appropriate values.

[0205] [Polarizing Plate Protective film and Method for
Preparing Polarizing Plate Protective Film]

[0206]

[0207] The polarizing plate protective film of the present
invention may have a single layer structure or a laminated
structure. A preparation method of the laminated structure
may be co-casting, co-extrusion, application, transfer, bond-
ing of a plurality of films, and the like. When the application
layer is applied with the thermoplastic resin film, the thermo-
plastic resin film is also just referred to as a substrate or a
substrate film.

[0208] The front polarizing plate of the present invention
preferably has the polarizing plate protective film F1 having a
functional layer on the thermoplastic resin film and more
preferably, the rear polarizing plate also has the polarizing
plate protective film F4 having the functional layer on the
thermoplastic resin film.

[0209] The functional layer may include a low moisture-
permeable layer, a hardcoating layer, an anti-reflective layer
(layers in which a refractive index is adjusted, such as a low
refractive index layer, an intermediate refractive index layer,
and a high refractive index layer), an antiglare layer, an anti-
static layer, an ultraviolet absorption layer and the like.

[0210] Inthe polarizing plate protective films F1 and F4 of
the present invention, the functional layer is preferably lami-
nated on the thermoplastic resin film and the functional layer
is more preferably the low moisture-permeable layer.

[0211] Inthe polarizing plate protective films F1 and F4 of
the present invention as the thermoplastic resin film and the
optical film having the low moisture-permeable layer lami-
nated on the corresponding thermoplastic resin film, moisture
permeability of the optical film is preferably 200 g/m*/day or
less. The polarizing plate protective films F1 and F4 of the
present invention as the thermoplastic resin film and the opti-

(Application-Type Polarizer)

[Polarizing Plate Protective Film)]
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cal film having the low moisture-permeable layer laminated
on the corresponding thermoplastic resin film more prefer-
ably meet Equation (1).

A4/B=<0.9 Equation (1):

(In Equation (1), A represents the moisture permeability of
the optical film in which the low moisture-permeable layer is
laminated on the thermoplastic resin film and B represents the
moisture permeability of the thermoplastic resin film. How-
ever, the moisture permeability is a value after 24 hours elapse
at 40° C. and the relative humidity of 90% by a technique of
JIS Z-0208).

[0212] By such a configuration, durability is excellent and
permeation and attachment and detachment of moisture may
be reduced.

[0213] The polarizing plate protective films F1 and F4 of
the present invention more preferably meet Equation (2)
given below, more preferably meet Equation (3) given below,
and particularly preferably meet Equation (4) given below.

0.014/B=0.8 Equation (2):
0.02=4/B=<0.6 Equation (3):
0.04=4/B=<0.5 Equation (4):

[0214] Definition of A and B in Equations (2) to (4) is the
same as definition of A and B in Equation (1).

[0215] Since the laminated structure more widely may con-
trol mechanical physical properties such as the elastic modu-
lus, and the change in moisture content than the single struc-
ture, the laminated structure is preferable in terms of both the
physical property and the moisture permeability.

[0216] Further, ina firstaspect of the preparation method of
the polarizing plate protective films F1 and F4 of the present
invention as a preparation method of the optical film having
the functional layer laminated on the substrate film, which
includes a process of forming the substrate film by casting a
polymer solution including the thermoplastic resin and the
solvent on the support and a process of laminating the func-
tional layer, more preferably, the low moisture-permeable
layer on the substrate film through application, the moisture
permeability of the optical film is 200 g/m?/day or less and
meets Bquation (1) given below.

A4/B=<0.9 Equation (1):

(In Equation (1), A represents the moisture permeability of
the optical film in which the low moisture-permeable layer is
laminated on the thermoplastic resin film and B represents the
moisture permeability of the substrate film. However, the
moisture permeability is a value after 24 hours elapse at 40°
C. and the relative humidity of 90% by a technique of JIS
7-0208).

[0217] Further, in a second aspect of the preparation
method of the polarizing plate protective films F1 and F4 of
the present invention as a preparation method of the optical
film having the functional layer laminated on the substrate
film, which includes a process of forming the substrate film
by melting and film-forming the thermoplastic resin and a
process of laminating the functional layer, more preferably,
the low moisture-permeable layer on the substrate film
through application, the moisture permeability of the optical
film is 200 g/m*/day or less and meets Equation (1) given
below.

A4/B=<0.9 Equation (1):
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[0218] (In Equation (1), A represents the moisture perme-
ability of the optical film in which the low moisture-perme-
able layer is laminated on the thermoplastic resin film and B
represents the moisture permeability of the substrate film.
However, the moisture permeability is a value after 24 hours
elapse at 40° C. and the relative humidity of 90% by a tech-
nique of JIS Z-0208).

[0219] By sucha configuration, the polarizing plate protec-
tive films F1 and F4 of the present invention may be easily
prepared.

[0220] Hereinafter, preferable aspects of the polarizing
plate protective films F1 and F4 and the preparation method
thereof of the present invention will be described.

[0221] Characteristics of Polarizing Plate Protective Films
F1 and F4
[0222] (Film Thicknesses of Polarizing Plate Protective

Films F1 and F4)

[0223] The film thicknesses (a total film thickness after
laminating the low moisture-permeable layer on the substrate
film) of the polarizing plate protective films F1 and F4 of the
present invention is preferably 5 to 100 pm, more preferably
10 to 80 um, and particularly preferably 15 to 75 um.

[0224] (Moisture Permeability of Polarizing Plate Protec-
tive Films F1 and F4)

[0225] The moisture permeability of the polarizing plate
protective films F1 and F4 of the present invention is mea-
sured under a condition of 40° C. and 90% RH based on
JISZ-0208.

[0226] The moisture permeability of the optical film of the
present invention is 200 g/m?/day or less, preferably 100
g/m?/day or less, more preferably 90 g/m?/day or less, even
more preferably 80 g/m>/day or less, still more preferably 75
g/m?/day or less, particularly preferably 50 g/m*/day or less,
and most preferably 30 g/m*/day or less. When the moisture
permeability is 200 g/m?/day or less, the bending of the liquid
crystal cell or display unevenness in black display after a
room-temperature environment time, a high-humidity envi-
ronment time, and high-temperature high-humidity environ-
ment time elapse of the liquid crystal display may be sup-
pressed.

[0227] As the moisture permeability of the polarizing plate
protective films F1 and F4 is low, the difference in moisture
content of the polarizing plate decreases.

[0228] (Balance of Moisture Permeability of Polarizing
Plate Protective Films F1 and F4)

[0229] When the polarizing plate is mounted on the liquid
crystal display, the balance of the moisture permeability of
the polarizing plate protective films F1 and F4 becomes
important.

[0230] When the moisture permeability of the polarizing
plate protective film F4is 200 g/m*/day or more, the moisture
permeability of the polarizing plate protective film F1 of the
present invention is 200 g/m*/day or less, preferably 100
g/m?/day or less, more preferably 90 g/m?/day or less, even
more preferably 75 g/m*/day or less, and particularly prefer-
ably 60 g/m*day or less. Further, the moisture permeability
of the polarizing plate protective film F1 is preferably 30
g/m?*/day or more.

[0231] When the moisture permeability of the polarizing
plate protective film F4 is 200 g/m*/day or more and the
moisture permeability of the polarizing plate protective film
F1 is less than 30 g/m*/day, the bending of the liquid crystal
cell is suppressed, but is different from the case where the
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moisture permeability of the polarizing plate protective film
F1 is 30 g/m*/day or more and the liquid crystal cell is convex
from the visual side.

[0232] Meanwhile, when the moisture permeability of the
polarizing plate protective film F4 is less than 200 g/m*/day,
the moisture permeability of the polarizing plate protective
film F1 of the present invention is 200 g/m¥day or less,
preferably 100 g/m*/day or less, more preferably 90 g/m?/day
or less, particularly preferably 75 g/m?/day or less, more
particularly preferably 60 g/m*/day or less, and still more
particularly preferably 30 g/m?/day or less.

[0233] When the moisture permeability is 200 g/m*/day or
less, the bending of the liquid crystal cell or the display
unevenness in black display after the room-temperature envi-
ronment time, the high-humidity environment time, and the
high-temperature high-humidity environment time of the lig-
uid crystal display elapse may be suppressed.

[0234] (Retardation of Polarizing Plate Protective Films F1
and F4)
[0235] Inthe polarizing plate protective films F1 and F4 of

the present invention, Re and Rth (defined as Equations (I)
and (IT) given below) measured in a wavelength of 5900 nm
preferably meet Equations (I11) and (IV).

Re=(nx-ny)xd Equation (I):

Rih=(nx+ny)2-nzxd Equation (II):

|Rel=50 nm Equation (IIT):

[Rth|<300 nm Equation (IV):

Further, as a separate preferable aspect different therefrom, in
the polarizing plate protective films F1 and F4 of the present
invention, Re (defined by Equation (I) given above) prefer-
ably meets Equation (V), further, a Nz value (defined by
Equation (VI) given below) more preferably meets Equation
(VID), each of Re and Nz most preferably meet both Equations
(V) and (VII) and in particular, the polarizing plate protective
films F1 and F4 are preferably used in a liquid crystal display
using a white light source having a consecutive light emitting
spectrum as the backlight.

[0236] Herein, the white light source having the consecu-
tive light emitting spectrum is a white light emitting diode,
and the like and a white light emitting diode constituted by a
blue LED device and a yellow fluorescent substance is par-
ticularly preferably used.

3000 nm=Re=30000 nm Equation (V):

N={(nx-nz)/(nx-ny) Equation (VI):

Herein, Nz=Rtl/Re+0.5 and may be acquired by calculation
in Re and Rth. Equation (VII): Nz 2.0

[0237] (In Equations (I) to (VII), nx is a refractive index in
an in-plane slow axis direction of the film of the polarizing
plate protective films F1 and F4, ny is a refractive index in an
in-plane fast axis direction of the film of the polarizing plate
protective films F1 and F4, nz is a refractive index in a thick-
ness direction of the film of the polarizing plate protective
films F1 and F4, and d is a film thickness (nm) of the polar-
izing plate protective films F1 and F4.)

[0238] The Re, Rth, and Nz value of the polarizing plate
protective films F1 and F4 of the present invention may be
adjusted by the adjustment method of Re and Rth of the
thermoplastic resin film which is the substrate film to be
described below, a composition or a film thickness of the low
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moisture-permeable layer, a total film thickness of the polar-
izing plate protective films F1 and F4 of the present invention,
and the like.

[0239] Low Moisture-Permeable Layer
[0240] (Composition of Low Moisture-Permeable Layer)
[0241] The low moisture-permeable layer which may be

used in the polarizing plate protective films F1 and F4 of the
present invention may be formed by any material when the
polarizing plate protective films F1 and F4 of the present
invention meet Equation (1) given above, but is preferably a
layer formed from a composition including a compound hav-
ing a cyclic aliphatic hydrocarbon group and an unsaturated
double bonding group in a molecule or a cyclic polyolefin
based resin-containing layer and more preferably the cyclic
polyolefin based resin-containing layer in terms of low mois-
ture permeability, preparation adequacy, environmentality,
and the like.

[0242] Thelayer formed from the composition including as
a primary ingredient the compound having a cyclic aliphatic
hydrocarbon group and an unsaturated double bonding group
in the molecule will be described.

[0243] <Layer Formed from Composition Including as Pri-
mary Ingredient Compound Having a Cyclic Aliphatic
Hydrocarbon Group and an Unsaturated Double Bonding
Group in Molecule>

[0244] Inthe present invention, since the layer formed from
the composition including as a primary ingredient the com-
pound having a cyclic aliphatic hydrocarbon group and an
unsaturated double bonding group in the molecule grants the
low moisture permeability, the corresponding layer has a
cyclic aliphatic hydrocarbon group and includes the com-
pound having an unsaturated double bonding group in the
molecule and as necessary, may be formed by applying, dry-
ing, and hardening a composition including a polymeric ini-
tiator, a translucent particle, a fluorine-containing or silicon-
based compound, and a solvent directly on the support or
another layer interposed therebetween. Hereinafter, each
ingredient will be described. Further, the composition or the
primary ingredient of the layer represents the composition or
an ingredient occupying 50 mass % or more of the layer.

[0245] [Compound Having Cyclic Aliphatic Hydrocarbon
Group and Unsaturated Double Bonding Group]

[0246] The compound having a cyclic aliphatic hydrocar-
bon group and an unsaturated double bonding group serves as
a binder. Further, the compound having a cyclic aliphatic
hydrocarbon group and an unsaturated double bonding group
may serve as a curing agent, and may improve strength or
scratch resistance of a coating film and impart the low mois-
ture permeability simultaneously.

[0247] Itis possible to realize the low moisture permeabil-
ity and high surface hardness using the compound. Although
not apparent in detail, a hydrophobic cyclic aliphatic hydro-
carbon group is introduced and hydrophobized into the low
moisture-permeable layer by using the compound having a
cyclic aliphatic hydrocarbon group in the molecule, and mol-
ecules are prevented from being inserted from the outside,
thereby reducing the moisture permeability. Further, the
crosslinking point density is increased by having an unsatur-
ated double bonding group in the molecule, thereby limiting
a diffusion path of water molecules in the low moisture-
permeable layer. It is thought that to increase the crosslinking
point density also has an effect of relatively increasing the
density of the cyclic aliphatic hydrocarbon group, and the
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inside of the low moisture-permeable layer is hydrophobized
to prevent water molecules from being adsorbed and reduce
the moisture permeability.

[0248] The number of unsaturated double bonding groups
in the molecule is more preferably 2 or more in order to
increase the crosslinking point density.

[0249] The cyclic aliphatic hydrocarbon group is prefer-
ably a group derived from an alicyclic compound having 7 or
more carbon atoms, more preferably a group derived from an
alicyclic compound having 10 or more carbon atoms, and
even more preferably a group derived from an alicyclic com-
pound having 12 or more carbon atoms.

[0250] The cyclic aliphatic hydrocarbon group is particu-
larly preferably a group derived from a polycyclic compound
such as bicyclic and tricyclic compounds.

[0251] More preferably, examples thereof include the cen-
tral structure of a compound described in the claims of Japa-
nese Patent Application Laid-Open 2006-215096, the central
structure of a compound described in Japanese Patent Appli-
cation Laid-Open No. 2001-10999, the structure of an ada-
mantane derivative, or the like.

[0252] Thecyclic aliphatic hydrocarbon group (including a
linking group) is preferably a group represented by any one of
the following Formulas (I) to (V), more preferably a group
represented by the following Formulas (1), (IT), or (IV), and
even more preferably a group represented by the following
Formula (I).

O
LV

[0253] In Formula (I), each of L and L' independently rep-
resents a divalent or higher linking group. n represents inte-
gers of 1 to 3.

an

[0254] In Formula (II), each of L. and L' independently
represents a divalent or higher linking group. n represents an
integer of 1 and 2.

(i

[0255] In Formula (IIT), each of L and L" independently
represents a divalent or higher linking group. n represents an
integer of 1 and 2.



US 2015/0212368 Al

v

[0256] In Formula (IV), each of L and L' independently
represents a divalent or higher linking group and L" repre-
sents a hydrogen atom or a divalent or higher linking group.

]

/

T

[0257] In Formula (V), each of L and L' independently
represents a divalent or higher linking group.

[0258] Specific examples of the cyclic aliphatic hydrocar-
bon group include norbornyl, tricyclodecanyl, tetracyclode-
canyl, pentacyclopentadecanyl, adamantly, diamantanyl and
the like.

[0259] Examples of the unsaturated double bonding group
may include a polymerizable functional group such as a
(meth)acryloyl group, a vinyl group, a styryl group, and an
allyl group, and among them, a (meth)acryloyl group and
—C(0O)YOCH=—CH, are preferable. Particularly preferably, it
is possible to use the following compounds including three or
more (meth)acryloyl groups in one molecule.

[0260] The compound having a cyclic aliphatic hydrocar-
bon group and three or more unsaturated double bonding
groups in the molecule is composed by bonding the cyclic
aliphatic hydrocarbon group and a group having an unsatut-
ated double bonding through the linking group.

[0261] Examples of the linking group include a single
bond, an alkylene group having from 1 to 6 carbon atoms,
which may be substituted, an amide group which may be
substituted at the N-position, a carbamoyl group which may
be substituted at N-position, an ester group, an oxycarbonyl
group, an ether group, and a group obtained by combining
these compounds.

[0262] These compounds may be easily synthesized by an
one-step or two-step reaction of a polyol having a cyclic
aliphatic hydrocarbon group, such as diol and triol with car-
boxylic acid of a compound having a (meth)acryloyl group, a
vinyl group, a styryl group, an allyl group and the like, a
carboxylic acid derivative, an epoxy derivative, an isocyanate
derivative, and the like.

[0263] Preferably, the synthesis may be performed by reac-
tion with a polyol having a cyclic aliphatic hydrocarbon
group using a compound such as (meth)acrylic acid, (meth)
acryloylchloride, (meth)acrylic acid anhydride and (meth)

12
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glycidyl acrylate, or a compound described in W02012/

00316A (for example, 1.1-bis(acryloxymethyl)ethyl
isocyanate).
[0264] Hereinafter, preferable specific examples of the

compound having a cyclic aliphatic hydrocarbon group and
an unsaturated double bonding group are exhibited, but the
present invention is not limited thereto.

CH2=(|]—COOCH2CH2—O— > —CHZOOC—?=CH2
CH; CH;

M-2
CH2=?—COO[CH2CH20-]2— ——CH,00C—C=CH,
CH; CH;

M-3

CH,=CH—COO[CH,CH,045— ——CH,O0C—CH=CH,

M4

CH,==C—COOCH,—- -—CH,00C—C=CI,

CH; CH;

M-5

CH=—=CH—COOCH— -— CH,00C—CH=CH,

M-6
CH2=?—COOCHZ—w\_/‘—CHZOOC—?=CHZ
CH; CH;
[0265] [Polymerization Initiator]
[0266] The composition including, as the primary ingredi-

ent, a compound having a cyclic aliphatic hydrocarbon group
and an unsaturated double bonding group in the molecule
preferably includes a polymerization initiator, but as the poly-
merization initiator, a photopolymerization initiator is pref-
erably used.

[0267] Examples of the photopolymerization initiator may
include acetophenones, benzoins, benzophenones, phos-
phine oxides, ketals, anthraquinones, thioxanthones, azo
compounds, peroxides, 2,3-dialkyldione compounds, disul-
fide compounds, fluoroamine compounds, aromatic sulfo-
niums, lophine dimers, onium salts, borates, active esters,
active halogens, inorganic complexes, coumarins and the
like. Specific examples, preferable aspects, commercially
available products and the like of the photopolymerization
initiator are described in paragraph Nos. [0133] to [0151] of
Japanese Patent Application Laid-Open No. 2009-098658,
and the same may also be used likewise in the present inven-
tion.

[0268] Various examples are described also in “Saishin UV
Koka Gijutsu” (Latest UV Curing Technologies), { Technical
Information Institute Co., Ltd.} (1991), p. 159, and “Shi-
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gaisen Koka System” (Ultraviolet Curing System) written by
Kiyomi Kato (1989, published by Sogo Gijutsu Center
(United Engineering Center), pp. 65 to 148, and these are
useful in the present invention.

[0269] As a commercially available light cleavage type
photo-radical polymerization initiator, “Irgacure 6517, “Irga-
cure 184, “Irgacure 8197, “Irgacure 907", “Irgacure 1870”
(CGI-403/Irgacure 184=7/3 mixed initiator), “Irgacure 5007,
“Irgacure 3697, “Irgacure 11737, “Irgacure 29597, “Irgacure
42657, “Irgacure 42637, “Irgacure 1277, ‘OXEO01’, and the
like manufactured by Chiba Specialty Chemical’s, Inc.;
“Kaya Cure DETX-S”, “Kaya Cure BP-1007, “Kaya BDMK
Cure”, “Kaya CTX Cure”, “Kaya Cure BMS”, “Kaya Cure
2-EAQ” “Kaya Cure ABQ”, “Kaya CPTX Cure”, “Kaya Cure
EPD”, “Kaya Cure ITX”, “Kaya QTX Cure”, “Kaya Cure
BTC”, “Kaya Cure MCA” and the like manufactured by
Nippon Kayaku Co., Ltd.; ‘Esacure (KIP100F, KB1, EB3,
BP, X33, KT046, KT37, KIP150, TZT)’, and the like manu-
factured by Masa Sato, and combinations thereof may be
included as preferable examples.

[0270] The content of the photopolymerization initiator in
the composition, which includes as a main component a com-
pound having a cyclic aliphatic hydrocarbon group and unsat-
urated double bond groups in a molecule thereof, which is
used in the present invention is preferably 0.5 to 8% by mass
and more preferably 1 to 5% by mass, based on the total solid
content of the hardcoat layer-forming composition for the
reason that the content is set such that a polymerizable com-
pound included in the hardcoat layer-forming composition is
polymerized and the initiation point is not excessively
increased.

[0271] [Solvent]

[0272] The composition may include a solvent, which
includes as a main component a compound having a cyclic
aliphatic hydrocarbon group and unsaturated double bond
groups in a molecule thereof, which is used in the present
invention. As for the solvent, various solvents may be used in
consideration of solubility of the monomer, drying charactet-
istic during the coating, dispersibility of light-transmitting
particles and the like. Examples of the organic solvents may
include dibutyl ether, dimethoxyethane, diethoxyethane, pro-
pylene oxide, 1,4-dioxane, 1,3-dioxolane, 1,3,5-trioxane, tet-
rahydrofuran, anisole, phenetole, dimethyl carbonate, methyl
ethyl carbonate, and diethyl carbonate, acetone, methy] ethyl
ketone (MEK), diethy! ketone, dipropyl ketone, diisobutyl
ketone, cyclopentanone, cyclohexanone, methylcyclohex-
anone, ethyl formate, propy! formate, pentyl formate, methyl
acetate, ethyl acetate, propyl acetate, methyl propionate,
ethyl propionate, y-butyrolactone, methyl 2-methoxyacetate,
methyl 2-ethoxyacetate, ethyl 2-ethoxyacetate, ethyl
2-ethoxypropionate, 2-methoxyethanol, 2-propoxyethanol,
2-butoxyethanol, 1,2-diacetoxyacetone, acetylacetone, diac-
etone alcohol, methyl acetoacetate, ethyl acetoacetate and the
like, methyl alcohol, ethyl alcohol, isopropyl alcohol, n-butyl
alcohol, cyclohexyl alcohol, isobutyl acetate, methyl isobutyl
ketone (MIBK), 2-octanone, 2-pentanone, 2-hexanone, eth-
ylene glycol ethyl ether, ethylene glycol isopropyl ether, eth-
ylene glycol butyl ether, propylene glycol methyl ether, ethyl
carbitol, butyl carbitol, hexane, heptane, octane, cyclohex-
ane, methylcyclohexane, ethylcyclohexane, benzene, tolu-
ene, xylene, and the like. The organic solvents may be used
either alone or in combination of two or more thereof.
[0273] When the thermoplastic resin film is a cellulose
acylate film, it is preferred to use at least one of dimethyl
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carbonate, methyl acetate, ethyl acetate, methyl ethyl ketone,
acetyl acetone, and acetone, any of dimethyl carbonate and
methyl acetate is more preferred, and methyl acetate is par-
ticularly preferred.

[0274] The solvent is used such that a solid content concen-
tration of the composition which includes as the main com-
ponent the compound having a cyclic aliphatic hydrocarbon
group and the unsaturated double bond groups in the mol-
ecule thereof, which is used in the present invention is pref-
erably 20 to 80% by mass, more preferably 30 to 75% by
mass, and even more preferably 40 to 70% by mass.

[0275] Thecyclic polyolefin-based resin containing layer is
described.

[0276] (Cyclic Polyolefin-Based Resin Layer)

[0277] (a) Cyclic Polyolefin-Based Resin

[0278] Thecyclic polyolefin-based resin may be used in the

low moisture-permeable layer of the present invention.
Herein, the cyclic polyolefin-based resin represents a poly-
mer resin having a cyclic olefin structure.

[0279] The cyclic polyolefin-based resins preferably used
in the present invention will be enumerated.

[0280] The polymer having a cyclic olefin structure prefer-
ably used in the present invention is the cyclic polyolefin-
based resin which is an addition (co)polymer including at
least one repeating unit expressed by the following Formula
(I1) and as necessary, the cyclic polyolefin-based resin which
is the addition (co)polymer further including at least one
repeating unit expressed by Formula (T). Further, a ring-open-
ing (co)polymer including at least one cyclic repeating unit
expressed by Formula (TIT) may also be appropriately used.

Formula (I)
)
— —C—
|
xt oyt
Formula (IT)
R3§ éﬂ R
X Y
Formula (IIT)

2 2
CH,—CH,—
R’ ~R$
X Y?
[0281] In Formulas Ito III, m represents an integer of 0 to
4.R" to R represent hydrogen atoms or hydrocarbon groups
having 1 to 10 carbon atoms, and X' to X, Y" to Y represent
hydrogen atoms, hydrocarbon groups having 1 to 10 carbon
atoms, halogen atoms, hydrocarbon groups having 1 to 10
carbon atoms substituted with halogen atoms, —(CH,)
L,COOR", —(CH,),0COR"?, —(CH,),NCO, —(CH,)
NO,,  —(CH),CN,  —(CH,),CONR"R™,  —(CH,)
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NR“R* —(CH,),0Z, —(CH,)—W, or (—C0),0,
(—CO),NR"* consisting of X* and Y*, X* and Y, or X* and
Y?3. Further, R', R*?, R"®R**, and R'’ represent hydrogen
atoms, hydrocarbon groups having 1 to 20 carbon atoms, Z
represents a hydrocarbon group or a halogen-substituted
hydrocarbon group, W represents SiR'°, D;_, (R*®is a hydro-
carbon group of 1 to 10 carbon atoms, D represents a halogen
atom, —OCOR'® or —OR'S, p represents an integer of Oto 3,
and n represents an integer of 0 to 10.

[0282] Further, it is preferred that the norbornene-based
polymer hydride may be used, and as disclosed in Japanese
Patent Application Laid-Open Nos. H1-240517, H7-196736,
S60-26024, S62-19801, 2003-1159767, 2004-309979 or the
like, the norbornene-based polymer hydride is prepared by
subjecting a polycyclic unsaturated compound to addition
polymerization or metathesis ring-opening polymerization
and then to hydrogenation. In the norbornene-based polymer
used in the present invention, R? to R are preferably hydro-
gen atoms or —CH;, and more preferably, hydrogen atoms in
terms of low moisture permeability. X> and Y? are preferably
hydrogen atoms, Cl, or —COOCHj;, and more preferably,
hydrogen atoms in terms of low moisture permeability. Other
groups are properly selected. m is preferably O or 1.

[0283] Further, it is preferred that norbornene-based addi-
tion (co)polymers may be used, and the norbornene-based
addition (co)polymers are disclosed in Japanese patent Appli-
cation Laid-Open No. H10-7732, Japanese Patent Publica-
tion No. 2002-504184, U.S. Patent Application Publication
No. 2004229157, International Publication WO2004/
070463, and the like. The norbornene-based addition (co)
polymer is obtained by addition-polymerizing norbornene-
based polycyclic unsaturated compounds with each other.
Further, if necessary, the norbornene-based polycyclic unsat-
urated compound may be addition-polymerized with ethyl-
ene, propylene, butene; a conjugated diene such as butadiene,
and isoprene; a non-conjugated diene such as ethylidene nor-
bornene; or a linear diene compound such as acrylonitrile,
acrylic acid, methacrylic acid, anhydrous maleic acid, acrylic
acid ester, methacrylic acid ester, maleimide, vinyl acetate,
vinyl chloride, and the like. Among them, a ethylene copoly-
mer is preferred. The norbornene-based addition (co)polymer
may use, for example, TOPAS6013 and the like manufactured
by Poly Plastic Co., Ltd., as commercial products.

[0284] (b) Organic Solvent

[0285] A cyclic polyolefin-based resin-containing layer of
the present invention may be prepared by coating. When the
cyclic polyolefin-based resin-containing layer is prepared by
coating, it is preferred to use a coating composition for form-
ing the cyclic polyolefin-based resin-containing layer includ-
ing at least cyclic polyolefin-based resin and an organic sol-
vent. The organic solvent that may be used for the coating
composition for forming the cyclic polyolefin-based resin-
containing layer of the present invention may include a chain-
like aliphatic hydrocarbon solvent such as n-pentane, n-hex-
ane, n-heptane, liquid paraffin, mineral spirit; an alicyclic
hydrocarbon-based solvent such as cyclopentane, cyclohex-
ane, methyl cyclohexane, dimethylcyclohexane, trimethylcy-
clohexane, ethylcyclohexane, diethyl cyclohexane, decahy-
dronaphthalene, dicyclo heptane, tricyclodecane, hexahydro-
indene, and cyclooctane; a aromatic hydrocarbon solvent
such as benzene, toluene, and xylene; a hydrocarbon-based
solvent having an alicyclic ring such as indene and tetrahy-
dronaphthalene and an aromatic ring; a nitrogen-containing
hydrocarbon solvent such as nitromethane, nitromethane, and
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acetonitrile; a oxygen-containing hydrocarbon-based solvent
such as diethyl ether and tetrahydrofuran; a chloride-based
solvent such as dichloromethane and chloroform; a alcohol-
based solvent such as methanol, ethanol, isopropanol, n-butyl
alcohol, cyclohexyl alcohol, 2-ethyl-1-hexanol, 2-methyl-1-
hexanol, 2-methoxyethanol, 2-propoxy ethanol, 2-butoxy-
ethanol, and diacetone alcohol; a carbonate-based solvent
such as dimethyl carbonate, diethyl carbonate, diisopropyl
carbonate, methyl ethyl carbonate, and methyl n-propyl car-
bonate; an ester-based solvent such as ethyl formate, propyl
formate, pentyl formate, methyl acetate, ethyl acetate, propyl
acetate, methyl propionate, ethyl propionate, 2-ethoxy ethyl
propionate, methyl acetoacetate, ethyl acetoacetate, 2-meth-
oxy methyl acetate, 2-ethoxy-methyl acetate, and 2-ethoxy
ethyl acetate; an ether-based solvent such as ethylene glycol
ethyl ether, ethylene glycol isopropy! ether, ethylene glycol
butyl ether, propylene glycol methyl ether, dibutyl ether,
dimethoxyethane, diethoxyethane, tetrahydrofuran, anisole,
and phenetole; a ketone-based solvent such as acetone, 1,2-
diacetoxy acetone, acetyl acetone, methyl ethyl ketone,
diethyl ketone, dipropyl ketone, diisobutyl ketone, cyclopen-
tanone, cyclohexanone, methyl cyclohexanone, methyl
isobutyl ketone, 2-octanone, 2-pentanone, and 2-hexanone;
and the like. The organic solvents may be used either alone or
in combination of two or more thereof

[0286] (Configuration and Manufacturing Method of Low
Moisture-Permeable Layer)

[0287] The low moisture-permeable layer may be formed
by a single layer or multi layers. A lamination method of the
low moisture-permeable layer is not particularly limited, but
it is preferable to prepare the low moisture-permeable layer
by co-casting and co-extrusion with the thermoplastic resin
film or to laminate the low moisture-permeable layer on the
thermoplastic resin film through coating and it is more pref-
erable to laminate the low moisture-permeable layer on the
thermoplastic resin film through coating, That is, the polariz-
ing plate protective films F1 and F4 of the present invention is
more preferably formed by laminating the low moisture-
permeable layer on the substrate film through coating.

[0288] (Film Thickness of Low Moisture-Permeable
Layer)
[0289] The film thickness of the low moisture-permeable

layer is preferably 1 to 28 um, more preferably 2 to 20 pm and
particularly preferably 3 to 17 um.

[0290] The low moisture-permeable layer of the optical
film of the present invention preferably additionally has a
moisture permeability hardcoat layer function, an anti-reflec-
tive function, an anti-fouling function, and the like.

[0291]

[0292] The polarizing plate protective film of the present
invention preferably includes the thermoplastic resin film.

[0293] It is more preferable that the polarizing plate pro-
tective films F1 an F4 of the present invention more prefer-
ably includes the thermoplastic resin film as the substrate and
the functional layer is laminated thereon.

[0294] Thereafter, the thermoplastic film used as the sub-
strate of the lamination film is referred to as the substrate film
including the thermoplastic resin or also just referred to as the
substrate film.

[0295] The polarizing plate protective films F2 and F3 of
the present invention are preferably the thermoplastic resin
film.

[ Thermoplastic Resin Film)]
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[0296] [Substrate Film]

[0297] The substrate film includes the thermoplastic resin.
Thereafter, the substrate film is referred to as the substrate
film including the thermoplastic resin or also just referred to
as the substrate film.

[0298]

[0299] The thermoplastic resin which may preferably use
the substrate film as the main component will be described
below.

[0300] Further, the main component of the substrate film is
a component which exceeds 50% by mass of the substrate
film.

[0301] In the substrate film, as an optimal thermoplastic
resin, a (meth) acrylic resin, an olefin-based resin, a cellulous-
based resin, apolycarbonate-based resin. a polystyrene-based
resin, and a polyester-based resin may be used and may be
selected from the resins and a mixed resin of the multiple
kinds of resins.

[0302] Among them, (meth)acrylic-based resin, polycar-
bonate-based resin, polystyrene-based resin, cyclic polyole-
fin-based resin, glutaric anhydride-based resin, glutarimide-
based resin, and cellulose-based resin are preferred, (meth)
acrylic-based resin, cyclic polyolefin-based resin, cellulose
acylate, and a mixed resin of cellulose acylate and (meth)
acrylic-based resin are more preferred, (meth)acrylic-based
resin, cellulose acylate, and a mixed resin of cellulose acylate
and (meth)acrylic-based resin are much more preferred, and
(meth)acrylic-based resin is particularly preferred.

[0303] Furthermore, the (meth)acrylic-based resinis a con-
cept including both methacrylic-based resin and acrylic-
based resin and also includes derivatives of acrylate/meth-
acrylate, and particularly (co)polymers of acrylate ester/
methacrylate ester.

[0304] Further, the (meth)acrylic-based resin includes a
(meth)acrylic-based polymer having a ring structure in a main
chain thereof other than methacrylic-based resin and acrylic-
based resin, and includes a polymer including a lactone ring,
an anhydrous maleic acid-based polymer having a anhydrous
succinic acid ring, a polymer having an anhydrous glutaric
acid ring, and a polymer having a glutarimide ring.

[0305] ((Meth)Acrylic-Based Polymer)

[0306] The repeating structure unit of the (meth)acrylic-
based polymer is not particularly limited. It is preferred that
the (meth)acrylic-based polymer has a repeating structure
unit derived from a (meth)acrylic acid ester monomer as the
repeating structure unit.

[0307] The (meth)acrylic acid ester is not particularly lim-
ited, but examples thereof include acrylic acid ester such as
methyl acrylate, ethyl acrvlate, n-butyl acrylate, isobutyl
acrylate, t-butyl acrylate, cyclohexyl acrylate, and benzyl
acrylate; methacrylic acid ester such as methyl methacrylate,
ethyl methacrylate, propyl methacrylate, n-butyl methacry-
late, isobutyl methacrylate, t-butyl methacrylate, cyclohexyl
methacrylate, and benzyl methacrylate; and the like, and
these may be used either alone or in combination of two or
more thereof. Among them, methyl methacrylate is particu-
larly preferred from the viewpoint of excellent heat resistance
and transparency.

[0308] When the (meth)acrylic acid ester is used as a main
component, the content ratio thereof in the monomer compo-
nent used in the polymerization process is preferably 50 to
100% by mass, more preferably 70 to 100% by mass, much

<Thermoplastic Resin>
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more preferably 80 to 100% by mass, and particularly pref-
erably 90 to 100% by mass so as to exhibit the effect of the
present invention sufficiently.

[0309] The glass transition temperature Tg of the resin
including as the main component the (meth)acrylic acid ester
is preferably within the range of 80 to 120° C.

[0310] Furthermore, it is preferred that a weight average
molecular weight of the resin including as the main compo-
nent the (meth)acrylic acid ester is preferably in the range
from 50,000 to 500,000.

[0311] In order to increase the handling ability by improv-
ing flexibility, rubber elastic particles are preferably com-
bined with the (meth)acrylic-based resin. The rubber elastic
particles are particles including arubber elastic body and may
be particles composed of the rubber elastic body, multi-lay-
ered particles having a layer of the rubber elastic body, and an
acrylic-based elastic polymer is preferably used in terms of
surface hardness, light resistance, and transparency of the
film.

[0312] The rubber elastic particles including the acrylic-
based elastic polymer may be acquired with reference to
Japanese Patent Application Laid-open Nos. 2012-180422,
2012-032773, and 2012-180423.

[0313] A number average particle diameter of the rubber
elastic particle is preferably in the range of 10 to 300 nm and
more preferably in the range of 50 to 250 nm.

[0314] Ina(meth)acrylic-based resin composition forming
the (meth) acrylic-based resin film, the rubber elastic particles
of 25 to 45% by mass, which have the number average particle
diameter in the range of 10 to 300 nm are preferably com-
bined with a transparent acrylic-based resin.

[0315] (Meth)Acrylic-Based Polymer Having Ring Struc-
ture in Main Chain

[0316] Among the (meth)acrylic-based polymers, pre-
ferred is a (meth)acrylic-based polymer having a ring struc-
ture in a main chain thereof. The ring structure is introduced
into the main chain to increase stiffness of the main chain and
improve heat resistance.

[0317] In the present invention, among the (meth)acrylic-
based polymers having a ring structure in the main chain
thereof, preferred is any of a polymer including a lactone ring
structure in the main chain thereof, an anhydrous maleic
acid-based polymer having a anhydrous succinic acid ring in
the main chain thereof, a polymer having an anhydrous glu-
taric acid ring structure in the main chain thereof, and a
polymer having a glutarimide ring structure in the main chain
thereof. Among them, more preferred are the polymer includ-
ing the lactone ring structure in the main chain thereof and the
polymer having a glutarimide ring structure in the main chain
thereof.

[0318] Hereafter, these polymers having a ring structure in
the main chain thereof will be sequentially described.

[0319] (1) (Meth)Acrylic-Based Polymer having Lactone
Ring Structure in Main Chain

[0320] The (meth)acrylic-based polymer having a lactone
ring structure in the main chain thereof (hereinafter, also
referred to as a lactone ring-containing polymer) is not par-
ticularly limited as long as the polymer is the (meth)acrylic-
based polymer having alactone ring in the main chain thereof,
but the polymer preferably has a lactone ring structure repre-
sented by the following Formula (100).
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Formula (100)
COORZ RB
CH,

cH
R No

[0321] InFornmula(100), each of R*!, R**and R'? indepen-
dently represents an organic residue having from 1 to 20
hydrogen atom or carbon atoms, and the organic residue may
include an oxygen atom.

[0322] Here, as the organic residue having 1 to 20 carbon
atoms, a methyl group, an ethyl group, an isopropyl group, an
n-butyl group, a t-butyl group, and the like are preferred.

[0323] The content ratio of the lactone ring structure rep-
resented by Formula (100) in the lactone ring-containing
polymer structure is preferably 5 to 90% by mass, more
preferably 10 to 70% by mass, much more preferably 10 to
60% by mass, and particularly preferably 10 to 50% by mass.
The polymer obtained by setting the content ratio of the
lactone ring structure as 5% by mass or more tends to have
improved heat resistance and surface hardness, and the poly-
mer obtained by setting the content ratio of the lactone ring
structure as 90% by mass or less tends to have improved
molding processability.

[0324] Further, the content ratio of the lactone ring struc-
ture may be calculated from the following Equation.

Content ratio of lactone ring (% by mass)=BxAxMpz/
M,

(In Equation, B is a mass content ratio of the monomer com-
position used in the copolymerization of the raw material
monomer having a structure (hydroxyl group) involved in
lactone cyclization, My, is a formula weight of a generated
lactone ring structure unit, M, is a molecular weight of a raw
material monomer having a structure (hydroxyl group)
involved in the lactone cyclization, and A is a lactone cycliza-
tion ratio.)

[0325] Further, the lactone cyclization ratio may be calcu-
lated from a weight loss heat weight reduction ratio by de-
alcohol reaction up to 300° C. before decompression of the
polymer starts from 150° C. before theoretical weight reduc-
tion and weight reduction start, for example, when the
cyclization reaction is accompanied by the de-alcohol reac-
tion.

[0326] A preparing method of the (meth)acrylic-based
resin having a lactone ring structure is not particularly lim-
ited. Preferably, the (meth)acrylic-based resin having a lac-
tone ring structure is obtained by obtaining a polymer (p)
having a hydroxyl group and an ester group in a molecular
chain by polymerizing the following predetermined mono-
mers, and then performing a lactone cyclization condensation
process of introducing the lactone ring structure to the poly-
mer by heat-treating the obtained polymer (p) in a tempera-
ture range of 75° C. to 120° C.

[0327] Inthe polymerization process, the polymer having a
hydroxyl group and an ester group in a molecular chain is
obtained by polymerizing monomer components including
monomers representing the following Formula (101).

16
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Formula (101)
R2
CHy=C—(C—0H
H
COOR!
[0328] (In the formula, each of R* and R* independently

represents a hydrogen atom or an organic residue having from
110 20 carbon atoms.)

[0329] The monomers represented by Formula (101) may
include, for example, 2-(hydroxymethyl) methyl acrylate,
2-(hydroxymethyl) ethyl acrylate, 2-(hydroxymethyl) iso-
propyl acrylate, 2-(hydroxymethyl) n-butyl acrylate, 2-(hy-
droxymethyl) t-butyl acrylate, and the like. Even among
them, 2-(hydroxymethyl) methyl acrylate and 2-(hydroxym-
ethyl) ethyl acrylate are preferred, and 2-(hydroxymethyl)
methyl acrylate is particularly preferred from the viewpoint
of a high heat-resistance improvement effect. The monomers
represented by Formula (101) may be used either alone or in
combination of two or more thereof.

[0330] The content ratio of the monomer component rep-
resented by Formula (101) in the monomer component pro-
vided in the polymerization process has a lowerlimit value of
a preferred range in terms of the heat resistance, solvent
resistance, and the surface hardness, a upperlimit value of a
preferred range in terms of molding processability of the
obtained polymer, and is preferably 5 to 90% by mass, more
preferably 10 to 70% by mass, even more preferably 10 to
60% by mass, and particularly preferably 10 to 50% by mass
based on the viewpoints.

[0331] The monomer component provided in the polymer-
ization process may include a monomer other than the mono-
mer represented by Formula (1). Although not particularly
limited, as the monomer, for example, (meth) acrylic acid
ester, a hydroxyl group containing monomer, unsaturated
carboxyl acid, and a monomer represented by the following
Formula (102) may be preferably used. The monomer other
than the monomer represented by Formula (101) may be used
either alone or in combination of two or more thereof.
[0332] The weight average molecular weight of the lactone
ring-containing polymer is preferably 10,000 to 2,000,000,
more preferably 20,000 to 1,000,000, and particularly pref-
erably from 50,000 to 500,000.

[0333] The mass reduction ratio is preferably 1% or less,
more preferably 0.5% or less, and even more preferably 0.3%
or less in the range of 150° C. to 300° C. in the dynamic TG
measurement of the lactone ring-containing polymer. With
respect to the dynamic TG measurement method, it is pos-
sible to use a method described in Japanese Patent Applica-
tion Laid-open No. 2002-138106 A.

[0334] Since the lactone ring-containing polymer has high
cyclization condensation reaction rate, the dealcoholization
reaction rarely occurs during the manufacturing process of
molded articles, and thus it is possible to avoid a drawback
that bubbles or silver streaks enters into the molded streaks
after the molding resulting from the alcohol. Further, since
the lactone ring structure is sufficiently introduced into the
polymer due to high cyclization condensation reaction rate,
the obtained lactone ring-containing polymer has high heat
resistance.

[0335] When the lactone ring-containing polymer is pre-
pared by a chloroform solution at a concentration of 15% by
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mass, the coloring degree (YT) is preferably 6 or less, more
preferably 3 or less, even more preferably 2 or less, and
particularly preferably 1 or less. When the coloring degree
(YI) is 6 or less, the lactone ring-containing polymer may be
preferably used because it is difficult for problems in that
transparency is damaged by colorization and the like to occur.
[0336] As for the lactone ring-containing polymer, 5%
mass decreasing temperature in the thermogravimetric analy-
sis (TG) is preferably 330° C. or more, more preferably 350°
C. or more, and even more preferably 360° C. or more. The
5% mass decreasing temperature in the thermogravimetric
analysis (TG) is an index of thermal stability, and when this
value is 330° C. or more, sufficient thermal stability tends to
be easily exhibited. As forthe thermogravimetric analysis, the
dynamic TG measurement device may be used.

[0337] The glass transition temperature Tg of the lactone
ring-containing polymer is preferably from 115° C. to 180°
C., more preferably from 120° C. to 170° C.. and even more
preferably from 125° C. to 160° C.

[0338] (2) Maleic Anhydride Based Polymer Having Suc-
cinic Anhydride Ring in Main Chain

[0339] It is preferable because a succinic anhydride struc-
ture in the main chain is formed in a molecular chain (in a
main framework of the polymer) of the polymer, and as a
result, high heat resistance is imparted to the acrylic resin
which is the copolymer and the glass transition temperature
Tg also increases.

[0340] The glass transition temperature Tg of the maleic
anhydride based polymer having a succinic anhydride ring in
the main chain is preferably 110° C. to 160° C., more prefer-
ably 115° C. 10 160° C., and even more preferably 120° C. to
160° C.

[0341] Furthermore, it is preferred that the weight average
molecular weight of the molecular weight of the maleic anhy-
dride based polymer having a succinic anhydride ring is pref-
erably in the range of 50,000 to 500,000.

[0342] Themaleicanhydride unit used in copolymerization
with the acrylic resin is not particularly limited, but a maleic
modified resin described in each of Japanese Patent Applica-
tion Laid-open Nos. 2008-216586, 2009-052021, 2009-
196151, and 2012-504783 may be used as the maleic anhy-
dride unit.

[0343] Further, the present invention is not limited thereto.
[0344] As commercial products of the maleic modified
resin, Delpet 980N prepared by Asahi Kasei Chemicals Ltd.
which is a maleic modified MAS resin (methyl methacry-
late—acrylonitrile styrene copolymer) may be preferably
used.

[0345] Further, as a method for preparing the acrylic resin
including the maleic anhydride unit, a known method may be
used without a particular limit

[0346] Themaleic acid-modified resin is not limited as long
as a maleic anhydride unit is included in the obtained poly-
mer, and for example, may include (anhydrous) maleic acid-
modified MS resin, (anhydrous) maleic acid-modified MAS
resin (methyl methacrylate-acrylonitrile-styrene copolymer),
(anhydrous) maleic acid-modified MBS resin, (anhydrous)
maleic acid-modified AS resin, (anhydrous) maleic acid-
modified AA resin, (anhydrous) maleic acid-modified ABS
resin, ethylene-maleic anhydride copolymer, ethylene-
(meth)acrylic acid-maleic anhydride copolymer, maleic
anhydride grafted polypropylene, and the like.

[0347] The maleic anhydride unit is a structure represented
by the following Formula (200).
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Formula (200)
Rll RZZ

[0348] In Formula (200), each of R** and R** indepen-
dently represents a hydrogen atom or an organic residue
having 1 to 20 carbon atoms.

[0349] The organic residue is not particularly limited so
long as carbon atoms are 1 to 20, but for example, may include
a straight-chain or branched alkyl group, a straight-chain or
branched alkylene group, an aryl group, —OAc group, —CN
group, and the like. Further, the organic residue may include
an oxygen atom. Ac represents an acetyl group.

[0350] The carbonnumber of R** and R is preferably 1 to
10, and more preferably 1 to 5.

[0351] When each of R* and R*? represents a hydrogen
atom, it is preferred that other copolymer components are
included from the viewpoint of adjustment of an intrinsic
birefringence. As the ternary or more heat-resistance acrylic
resin, for example, preferably, methyl methacrylate-maleic
anhydride-styrene copolymer may be used.

[0352] (3) Polymer Having Anhydrous Glutaric Acid Ring
Structure in Main Chain

[0353] The polymer having an anhydrous glutaric acid ring
structure in a main chain thereof indicates a polymer having a
glutaric acid anhydride unit.

[0354] Itispreferred that the polymer having a glutaric acid
anhydride unit has a glutaric acid anhydride unit (hereinafter,
referred to as a glutaric acid anhydride unit) represented by
the following Formula (300).

Formula (300)
R 32
C C
o? No X,

[0355] In Formula (300), each of R*' and R** indepen-
dently represents a hydrogen atom or an organic residue
having from 1 to 20 carbon atoms. Further, the organic resi-
due may include an oxygen atom. R*' and R** represent,
particularly preferably, hydrogen atoms or alkyl groups hav-
ing from 1 to 5 carbon atoms, which are the same as or
different from each other.

[0356] Itispreferredthat the polymer having a glutaric acid
anhydride unit is a (meth)acrylic-based polymer including a
glutaric acid anhydride unit. It is preferred that the (meth)
acrylic-based polymer has a glass transition temperature (Tg)
of 120° C. or more from the viewpoint of heat resistance.

[0357] Theglass transition temperature (Tg) of the polymer
having an anhydrous glutaric acid ring structure in a main
chain thereof is preferably 110° C. to 160° C., more prefer-
ably 115° C. 1o 160° C., and much more preferably 120° C. to
160° C.
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[0358] Further, itis preferred that a weight average molecu-
lar weight of the polymer having an anhydrous glutaric acid
ring structure ina main chain thereofhas preferably arange of
50,000 to 500,000.

[0359] The content of the glutaric acid anhydride unit for
the (meth)acrylic-based polymer is preferably 5 to 50% by
mass, and more preferably 10 to 45% by mass. By setting the
content to 5% by mass or more, and more preferably 10% by
mass or more, it is possible to obtain an effect of enhancing
heat resistance, and furthermore, it is also possible to obtain
an effect of enhancing weather resistance.

[0360] (4) (Meth)Acrylic-Based Polymer Having Gluta-
rimide Ring Structure in Main Chain

[0361] The (meth)acrylic-based polymer (hereinafter,
referred to as a glutarimide-based resin) having a glutarimide
ring structure in a main chain thereof may exhibit preferred
characteristic balance in terms of optical characteristics, heat
resistance, or the like. It is preferred that the (meth)acrylic-
based polymer having a glutarimide ring structure in the main
chain thereof includes:

R301 R302
CH,
0 lel 0

R303

Formula (400)

[0362] A glutarimide resin having at least 20% by mass or
more of a glutarimide unit (however, in Formula, R*°*, R3%,
and R*® are independently hydrogen or an unsubstituted or
substituted alkyl group, cycloalkyl group, and aryl group
having 1 to 12 carbon atoms) represented by the above For-
mula (400).

[0363] In the preferred glutarimide unit constituting the
glutarimide-based resin used in the present invention, R***
and R**? are hydrogen or a methyl group, and R*** is a methyl
group or a cyclohexyl group. The glutarimide unit may be a
single kind and include a plurality of different kinds of R>*",
R302 and R303.

[0364] The preferred second constituent unit constituting
the glutarimide-based resin used in the present invention is a
unit composed of acrylic acid ester or methacrylic acid ester.
The preferred constituent unit of acrylic acid ester or meth-
acrylic acid ester may include methyl acrylate, ethyl acrylate,
methyl methacrylate, methyl methacrylate, and the like. Fur-
thermore, a separate preferred imidizable unit may include
N-alkyl methacrylamide such as N-methyl methacrylamide
or N-ethyl methacrylamide. These second constituent units
may include a single kind or a plurality of kinds.

[0365] The content of the glutarimide unit represented by
Formula (400) in the glutarimide-based resin is 20% by mass
or more based on the total repeating unit of the glutarimide-
basedresin. The preferred content of the glutarimide unit is 20
to 95% by mass, more preferably 50to 90% by mass, and even
more preferably 60 to 80% by mass. When the range of the
glutarimide unit is less than the range, there is a case where
heat resistance of the film obtained is insufficient or transpar-
ency thereof is impaired. Further, in the case of exceeding the
range, heat resistance is unnecessarily increased, so that it
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becomes difficult to being filmed, there is a case where
mechanical strength of the film is extremely vulnerable, and
transparency is impaired.

[0366] In the glutarimide-based resin, the third constitu-
tional unit may be copolymerized, if necessary. An example
of the preferred third constitutional unit may use a constitu-
tional unit obtained by copolymerizing a styrene-based
monomer such as styrene, substituted stylene, and c-methyl-
styrene, an acrylic monomer such as butyl acrylate, a nitrile-
based monomer such as acrylonitrile or methacrylonitrile,
and a maleimide-based monomer such as maleimide, N-me-
thylmaleimide, N-phenylmaleimide, and N-cyclohexylmale-
imide. Among these glutarimide-based resins, the glutarim-
ide unit may be directly copolymerized with an imidizable
unit, and the glutarimide unit may be graft-copolymerized
with a resin having an imidizable unit. When a third compo-
nent is added thereto, the content ratio of the third component
in the glutarimide-based resin is preferably from 5 mol % to
30 mol % based on the total repeating unit in the glutarimide-
based resin.

[0367] Theglutarimide-based resinis described inU.S. Pat.
Nos. 3,284,425 and 4,246,374, Japanese Patent Application
Laid-Open No. H2-153904, and the like, and may be obtained
by using, as a resin having an imidizable unit, a resin obtained
by using methacrylic acid methylester and the like as a main
raw material, and imidizing the resin having an imidizable
unit by using ammonia or substituted amine. When the glu-
tarimide-based resin is obtained, there is a case where a unit
composed of acrylic acid or methacrylic acid or anhydride
thereof as a reaction byproduct is introduced into the gluta-
rimide-based resin. The presence of the constitutional unit,
particularly, acid anhydride inhibits total light transmittance
or haze of the obtained film of the present invention, and thus
is not preferred. The content of acrylic acid or methacrylic
acid is 0.5 milliequivalent or less per 1 g of the resin, prefer-
ably 0.3 milliequivalent or less per 1 g of the resin, and more
preferably 0.1 milliequivalent or less per 1 g of the resin. In
addition, as seen in Japanese Patent Application Laid-Open
No. H02-153904, it is also possible to obtain a glutarimide-
based resin through imidization using a resin mainly com-
posed of N-methylacrylamide and methacrylic acid methyl-
ester.

[0368] The glass transition temperature Tg of the glutar-
based resin is preferably 110° C. to 160° C., more preferably
from 115° C. to 160° C., and even more preferably 120° C. to
160° C.

[0369] Furthermore, it is preferred that the weight average
molecular weight of the glutar-based resin is in the range of
50,000 to 500,000.

[0370] Method for Manufacturing Substrate Film Having
(Meth)Acrylic-Based Polymer as Main Component

[0371] Hereinafter, a manufacturing method for film-form-
ing a thermoplastic resin having a (meth)acrylic-based poly-
mer as the main component will be described in detail.

[0372] In order to forming the substrate film by using the
(meth)acrylic-based polymer as the main component, for
example, a film raw material is pre-blended by a known
blender in the related art, such as an omni mixer, or the like
and thereafter, the obtained material is extruded and kneaded.
In this case, the mixer used in the extrusion and kneading is
not particularly limited, but for example, known mixers in the
related art, such as extruders such as a monoaxial extruder,
and a biaxial extruder or a pressing kneader may be used.
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[0373] A method for forming the film may include, for
example, known film forming methods in the related art, such
as a solution cast method, a met extrusion method, a calendar
method, and a compression forming method. The melt extru-
sion method among the film forming methods is particularly
appropriate.

[0374] The melt extrusion method may include, for
example, aT die method, an inflation method, and the like and
a forming temperature in this case may be appropriately con-
trolled according to the glass transition temperature of the
film raw material and is not particularly limited, but for
example, preferably 150° C. to 350° C. and more preferably
200° C. t0 300° C.

[0375] When the film is formed by the T die method,a T die
is mounted on a front end of the known monoaxial extruder or
biaxial extruder and a roll-shaped film may be obtained by
winding the film extruded in a film shape. In this case, by
appropriately adjusting the temperature the wound roll,
stretch is conducted in an extrusion direction to achieve
monoaxial stretching. Further, the film is stretched in a direc-
tion vertical to the extrusion direction to perform simulta-
neous biaxial stretching, sequential biaxial stretching, and the
like.

[0376] The substrate film having a (meth)acrylic-based
polymer as the main component may be either of an
unstretched film or a stretching film. The stretching film may
be either of a monoaxial stretched film or a biaxial stretched
film. The biaxial stretched film may be either of a simulta-
neous biaxial stretched film or a sequential biaxial stretched
film. In the case of biaxial stretching, a mechanical strength is
improved, and as a result, film performance is improved.
When the (meth)acrylic-based polymer is the (meth)acrylic-
based polymer having a ring-shaped structure in the main
chain, the thermoplastic resin is additionally mixed, and as a
result, an increase of retardation may be suppressed in spite of
stretching, thereby obtaining a film maintaining optical isot-
ropy.

[0377] Thethickness ofthe substrate film obtained by using
the (meth)acrylic-based polymer in the main chain is prefer-
ably 5 to 80 um and more preferably 10 to 40 pm. When the
thickness is less 5 pmy, the strength of the film deteriorates and
when a durability test is performed by bonding the film to
other parts, crimping may increase. On the contrary, when the
thickness is more than 80 pum, the transparency of the film
deteriorates and moisture permeability decreases and when
an aqueous adhesive is used to bond the film to other parts, a
drying speed of water which is the solvent thereof may
decrease.

[0378] (Cyclic Polyolefin-Based Resin)

[0379] As the thermoplastic resin which may be used in the
present invention, the cyclic polyorefin-based resin may be
used. Herein, the cyclic polyolefin-based resin represents a
polymer resin having a cyclic olefin structure.

[0380] Thecyclic polyolefin-based resin preferably used in
the present invention will be enumerated below.

[0381] The polymer having a cyclic olefin structure prefer-
ably used in the present invention is the cyclic polyolefin-
based resin which is an addition (co)polymer including at
least one repeating unit expressed by the following Formula
(1) and as necessary, the cyclic polyolefin-based resin which
is the addition (co)polymer further including at least one
repeating unit expressed by Formula (I). Further, a ring-open-
ing (co)polymer including at least one cyclic repeating unit
expressed by Formula (IIT) may also be appropriately used.
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Formula (T)
R! R?
(.
xy!
Formula (IT)
R3§ é@{“
x2 2
Formula (II)
CH,—CH,—
R’ mRﬁ
X3 Y?

[0382] InFormulas (D) to (I1I), m represents an integer of 0
to 4. R* to RY represent a hydrogen atom or a hydrocarbon
group having 1 to 10 carbon atoms, and X' to X*, Y* to Y°
represent a hydrogen atom, a hydrocarbon group having 1 to
10 carbon atoms, a halogen atom, a hydrocarbon group hav-
ing 1 to 10 carbon atoms substituted with halogen atoms,
—(CH,),COOR", —(CH,),0COR'?, —(CH,) )NCO,
—(CH,),NO,, —(CH,),CN, —(CH,),CONR”R™,
—(CH,), NR"*R"*, —(CH,),0Z, —(CH,) ,W, or (—CO),0,
(—CO),NR"® consisting of X' and Y*, X* and YZ, or X* and
Y?. Further, R*, R'2 R'3 R'* and R'® represent a hydrogen
atom, a hydrocarbon group having 1 to 20 carbon atoms, Z
represents a hydrocarbon group or a halogen-substituted
hydrocarbon group, W represents SiR16PD3_p (R*“is a hydro-
carbon group of 1 to 10 carbon atoms, D represents a halogen
atom, —OCOR'® or —OR*'®, p represents an integer of 0 to
3), and n represents an integer of O to 10.

[0383] Further, it is preferred that the norbornene-based
polymer hydride may be used, and as disclosed in Japanese
Patent Application Laid-Open Nos. H1-240517, H7-196736,
S60-26024, $62-19801, 2003-1159767, 2004-309979 or the
like, the norbornene-based polymer hydride is prepared by
subjecting a polycyclic unsaturated compound to addition
polymerization or metathesis ring-opening polymerization
and then to hydrogenation. In the norbornene-based polymer
used in the present invention, R> and R® are preferably hydro-
gen atoms or —CH,, and X* and Y* are preferably Cl or
—COOCH,, and other groups are appropriately selected. As
the norbomene-based resin, products under the trade name of
Arton G or Arton F from JSR Co., Ltd., are commercially
available, and products under the trade name of Zeonor ZF14,
Zeonor ZF16, Zeonex 250 or Zeonex 280 from Nippon Zeon
Co., Ltd., are commercially available, and thus these products
may be used.

[0384] Further, norbornene-based addition (co)polymers
may be preferably used, and are disclosed in Japanese patent
Application Laid-Open No. H10-7732, Japanese Patent Pub-
lication No. 2002-504184, U.S. Patent Application Publica-
tion No. 2004229157A1, International Publication W02004/
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070463A1, and the like. The norbornene-based addition (co)
polymer is obtained by addition-polymerizing norbornene-
based polycyclic unsaturated compounds with each other.
Further, if necessary, the norbornene-based polycyclic unsat-
urated compound may be addition-polymerized with ethyl-
ene, propylene, butene; a conjugated diene such as butadiene,
and isoprene; a non-conjugated diene such as ethylidene nor-
bornene; or a linear diene compound such as acrylonitrile,
acrylic acid, methacrylic acid, anhydrous maleic acid, acrylic
acid ester, methacrylic acid ester, maleimide, vinyl acetate,
and vinyl chloride. The norbornene-based addition (co)poly-
mers include those commercially available under the trade
name of APEL from Mitsubishi Chemical Inc., including
grades having different glass transition temperatures (Tg), for
example, APL800ST (Tg 70° C.), APL6013T (Tg 125° C)),
APL6015T (Tg 145° C.) or the like. Pellets such as
TOPAS8007, TOPAS6013, and TOPAS6015 are commer-
cially available from Poly Plastic Co., Ltd. In addition,
Appear3000 is commercially available from Ferrania Com-
pany.

[0385] In the present invention, the glass transition tem-
perature (Tg) of the cyclic polyolefin-based resin is prefer-
ably 110° C. to 200° C., more preferably 115° C. to 190° C.,,
and much more preferably 120° C.to 180° C.

[0386] Further, a weight-average molecular weight of the
cyclic polyolefin-based resin is preferably in a range of
50,000 to 500,000.

[0387] Method for Manufacturing Substrate Film Having
Cyclic Olefin-based Resin as Main Component

[0388] The substrate film having a cyclic olefin-based resin
as the main component may be manufactured in the same
manufacturing method as the substrate film the (meth)
acrylic-based polymer as the main component and for
example, the manufacturing method may include, for
example, the known film forming method in the related art,
such as the solution cast method, the melt extrusion method,
the calendar method, the compression forming method, and
the like and the melt extrusion method is particularly appro-
priate among the film forming methods.

[0389] The melt extrusion method may, for example, the T
die method, the inflation method, and the like and the forming
temperature in this case may be appropriately controlled
according to the glass transition temperature of the film raw
material.

[0390] When the film is formed by the T die method, the T
die is mounted on the front end of the known monoaxial
extruder or biaxial extruder and the roll-shaped film may be
obtained by winding the film extruded in the film shape. In
this case, by appropriately adjusting the temperature the
wound roll, the stretch is conducted in the extrusion direction
to achieve the monoaxial stretching. Further, the film is
stretched in the direction vertical to the extrusion direction to
perform the simultaneous biaxial stretching, the sequential
biaxial stretching, and the like.

[0391] (Cellulose-Based Resin)

[0392] Inthepresentinvention, a cellulose-based resin may
be used as a thermoplastic resin. The cellulose-based resin
represents a resin including cellulose ester and an acrylic
resin.

[0393] Examples of the cellulose as a cellulose ester raw
material used in the present invention include cotton linter,
wood pulp (broad leaf pulp and needle leaf pulp) and the like,
and a cellulose ester obtained from any raw material cellulose
may be used. [nsome cases, such cellulose esters may be also
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used in mixtures thereof. These raw material celluloses may
use celluloses disclosed in, for example, Lecture on Plastic
Materials (17) Cellulose Resins (Maruzawa and Uda, THE
NIKKAN KOGYO SHIMBUN, LTD., published in 1970) or
Japan Institute of Tnvention and Innovation, Journal of Tech-
nical Disclosure 2001-1745 (pp. 7 to 8), and the cellulose
ester used in the present invention is not particularly limited
thereto.

[0394] The cellulose ester used in the present invention is
preferably ester of cellulose and fatty acid (including aro-
matic fatty acid), and preferably acylated cellulose acylate in
which hydroxyl groups at the 2-, 3-, and 6-positions of a
[-1,4-bonded glucose unit constituting cellulose are substi-
tuted with acyl groups of the fatty acid.

[0395] Examples thereof include alkylcarbonyl ester, alk-
enylcarbonyl ester, or aromatic carbonyl ester, aromatic alkyl
carbonyl ester, and the like, and further, are preferably cellu-
lose ester substituted with an acyl group of two or more kinds
of fatty acid. The cellulose ester may further have a substitu-
ent.

[0396] As an acyl group substituted with the hydroxyl
group, an acetyl group having 2 carbon atoms and an acyl
group having 3 to 22 carbon atoms may be used.

[0397] In the case of mixing and using an acrylic resin,
from the viewpoint of compatibility, an acetyl group having 2
carbon atoms and an acyl group having 3 to 7 carbon atoms
are preferred.

[0398] The total degree of substitution (3 when an acyl
group is substituted with three hydroxyl groups at the 2-, 3-,
and 6-positions, as a ratio in which an acyl group is substi-
tuted with a hydroxyl group in a f-glucose unit of cellulose)
of an acyl group in cellulose ester used in the present inven-
tion is not particularly limited, but it is preferred that the total
degree of substitution of an acyl group is high. To this end, the
total degree of substitution of an acyl group is preferably 2.00
to 3.00, more preferably 2.50 to 3.00, and much more pref-
erably 2.50 to 2.90.

[0399] In the cellulose ester used in the present invention,
as a method for measuring the degree of substitution of an
acyl group substituted with the hydroxyl groups of cellulose,
a method in accordance with ASTM D-817-91 or an NMR
method may be exemplified.

[0400] The acyl group substituted with the hydroxyl group
of the -glucose unit of cellulose may be an aliphatic group or
an aromatic group, and is not particularly limited. Further, the
acyl group substituted with the hydroxyl group may be a
single acyl group or two or more kinds of acyl groups. The
acyl group-substituted cellulose ester may include cellulose
acetate, cellulose propionate, cellulose butylate, cellulose
acetate propionate, cellulose acetate butylate, cellulose
acetate propionate butylate, cellulose benzoate, and the like.
[0401] Thepolymerization degree of cellulose ester used as
the cellulose-based resin is preferably 180 to 700 as the vis-
cosity average polymerization degree, and in cellulose
acetate propionate substituted with an acetyl group and a
propionyl group, the polymerization degree is more prefer-
ably 180 to 550, much more preferably 180 to 400, and
particularly preferably 180 to 350. When the polymerization
degree is in the range, it is preferred that viscosity of a doping
solution including cellulose ester may be suitable for prepar-
ing the film by flexibility, and a film having high compatibility
with the acrylic resin and high transparency and mechanical
strength may be obtained. A viscosity average polymerization
degree may be measured by the extreme viscosity method of
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Uda et al. {Kazuo Uda and Hideo Saito, “Bulletin of The
Society of Fiber Science and Technology, Japan™, vol. 18, No.
1,pp. 10510 120 (1962)}. The method is described in detail in
Japanese Patent Application Laid-Open No. H9-95538.
[0402] A mixed resin of the cellulose acylate-based resin
and the acrylic resin is preferred. A mass ratio of the cellulose
acylate-based resin and the acrylic resin is preferably 70:30 to
15: 85, more preferably 70:30 to 30:70, and much more
particularly 49:51 to 30:70.

[0403] Theacrylic resin used with the cellulose-based resin
may be a single polymer of a kind of derivative of (meth)
acrylate, a copolymer of two or more kinds of derivatives of
(meth)acrylate, or a copolymer of the polymer and the
copolymer and other copolymerizable monomers.

[0404] A copolymerizable component which is copolymer-
izable with the derivative of (meth)acrylate may include a.,p-
unsaturated acids such as acrylic acid and methacrylic acid,
unsaturated acids such as unsaturated group-containing diva-
lent carboxylic acids such as maleic acid, fumaric acid, and
itaconic acid; aromatic vinyl compounds such as styrene,
o-methyl styrene, m-methyl styrene, p-methyl styrene, 2,4-
dimethyl styrene, p-ethyl styrene, p-tert-butyl styrene, ct-me-
thyl styrene, and a-methyl-p-methy] styrene; o,f-unsatur-
ated nitriles such as acrylonitrile and methacrylonitrile;
lactone ring units, glutaric anhydride units, glutarimide units,
unsaturated carboxylic acid anhydrides such as maleic anhy-
dride; and maleimides such as maleimide and N-substituted
maleimide.

[0405] The derivative of the acrylic resin used in combina-
tion with the cellulose-based resin and (meth)acrylic acid and
other copolymerizable monomers may be described and used
in Japanese patent Application Laid-Open No. 2009-122664,
Japanese patent Application Laid-Open No. 2009-139661,
Japanese patent Application Laid-Open No. 2009-139754,
Japanese patent Application Laid-Open No. 2009-294262,
International Publication W02009/054376, and the like. Fur-
ther, these are not limited to the present invention and may be
used either alone or in combination of two or more kinds.
[0406] The weight-average molecular weight Mw of the
acrylic resin used in combination with the cellulose-based
resin is preferably 80,000 or more. When the weight-average
molecular weight Mw of the acrylic resin is 80,000 or more,
a mechanical strength is high and handling performance
while preparing the film is excellent. From the viewpoint of
this, the weight-average molecular weight Mw of the acrylic
resin is preferably 100,000 or more. Further, from the view-
point of improvement of compatibility with cellulose ester,
the weight-average molecular weight Mw of the acrylic resin
is preferably 3,000,000 or less and more preferably 2,000,000
or less.

[0407] The acrylic resin used in combination with the cel-
lulose-based resin may use commercially available products.
For example, as the acrylic resin, Delpet 60N and 80N (pre-
pared by Asahi Kasei Chemical’s Co., Ltd.), Dyer day BR&0,
BR85S, BR88, and BR102 (prepared by Mitsubishi Rayon
Co., Ltd.), KT75 (prepared by Denki Chemical Industry Co.,
Ltd.), and the like may be included or used in combination of
two or more kinds.

[0408] (Polycarbonate-Based Resin)

[0409] As the thermoplastic resin usable in the present
invention, polycarbonate-based resins may be used.

[0410] (Polystylene-Based Resin)

[0411] As the thermoplastic resin usable in the present
invention, polystylene-based resins may be used.
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[0412] (Polyester-Based Resin)

[0413] As the thermoplastic resin usable in the present
invention, polyester-based resins may be used.

[0414] The polyester-based resins are preferably polyeth-
ylene terephthalate and polyethylene naphthalate.

[0415] (Other Thermoplastic Resins)

[0416] Thethermoplastic resins usable in the present inven-
tion may include other thermoplastic resins other than ther-
moplastic resins which may be preferably used as a main
component of the substrate film.

[0417] Other thermoplastic resins are particularly irrel-
evant to kinds without departing from the spirit of the present
invention, but the thermoplastic resin which is thermody-
namically compatible with the thermoplastic resin which may
be preferably used as the main component of the substrate
film 1s preferred in improving the mechanical strength or a
desired physical property.

[0418] In particular, in the case of using the (meth)acrylic-
based resin as the main component of the substrate film, 0 to
30% by mass of other thermoplastic resins are preferably
included in the substrate film, 3 to 20% by mass is more
preferably included, and 5 to 15% by mass is particularly
preferably included.

[0419] The other thermoplastic resins may include, for
example, the olefin-based thermoplastic resins such as poly-
ethylene, polypropylene, an ethylene-propylene copolymer,
and poly(4-methyl-1-pentene); styrene-based thermoplastic
resins such as polystyrene, a styrene-methacrylate methyl
copolymer, and an acrylonitrile butadiene-styrene block
copolymer, a rubber copolymer such as polybutadiene-based
rubber, an ABS resin or ASA resin combined with acrylic
rubber, and the like.

[0420] Further, in the case of using the (meth)acrylic-based
resin as the main component of the substrate film, the other
thermoplastic resins preferably use a copolymer including a
cyanovinyl-based monomer unit and an aromatic vinyl-based
monomer unit.

[0421] When the copolymer including the cyanovinyl-
based monomer unit and the aromatic vinyl-based monomer
unit, in detail, an acrylonitrile styrene-based copolymer is
used, a film is obtained, in which the glass transition tempera-
ture 120° C. or more, a phase difference per 100 um in a plane
direction is 20 nm or less, and total ray transmittance is 85%
or more.

[0422] <Moisture Permeability Reduced Compound>
[0423] The thermoplastic resin film also preferably
includes a moisture permeability reduced compound. A poly-
mer which has low moisture permeability solely is low in
solubility as the solvent and has a lot of problems in manu-
facturing process. Both low moisture permeability and solu-
bility (manufacturing adequacy) become valid by reducing
the moisture permeability depending on combination of the
polymer and the moisture permeability reduced compound,
and as a result, the thermoplastic resin film preferably
includes the moisture permeability reduced compound.
[0424] Inthe thermoplastic resin film, the moisture perme-
ability reduced compound is preferably included with an
amount of 10to 100% by mass with respect to the mass of the
thermoplastic resin. The amount is more preferably 15 to 90%
by mass and even more preferably 20 to 80% by mass.
[0425] (Ultraviolet Absorber)

[0426] UV absorbers preferably used in the substrate film
will be described. The optical film of the present invention
including the substrate film is used in a polarizing plate or a
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member for liquid crystal display, and an UV absorber is
preferably used from the viewpoint of preventing deteriora-
tion of the polarizing plate or the liquid crystal and the like.
UV absorbers, which are excellent in ability to absorb UV
light at a wavelength of 370 nm or less and low in absorption
of visible light at a wavelength of 400 nm or more in terms of
excellent liquid crystal display performance, are preferably
used. The UV absorbers may be used either alone or in com-
bination of two or more thereof. Examples thereof may
include UV absorbers described in Japanese Patent Applica-
tion Laid-Open No. 2001-72782 or Japanese Unexamined
Patent Application Publication No. 2002-543265. Specific
examples of the UV absorbers may include, for example,
oxybenzophenone-based compounds, benzotriazole-based
compounds, salicylic acid ester-based compounds, ben-
zophenone-based compounds, cyano acrylate-based com-
pounds, nickel complex salt-based compounds, and the like.
[0427] Among them, the UV absorbers may include 2-(2'-
hydroxy-5'-methylphenyl)benzotriazole, 2-(2'-hydroxy-3'5'-
di-tert-butylphenyl)benzotriazole, 2-(2'-hydroxy-3'-tert-bu-
tyl-5"-methylphenyl)benzotriazole,  2-(2'-hydroxy-3'5"-di-
tert-butylphenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-3'-
(3",4",5",6"-tetrahydrophthalimidemethyl)-5'-
methylphenyl)benzotriazole, 2,2-methylenebis(4-(1,1,3,3-
tetramethylbutyl)-6-(2H-benzotriazol-2-yl)phenol),  2-(2'-
hydroxy-3'-tert-butyl-5'-methylphenyl)-5-
chlorobenzotriazole, 2,4-dihydroxybenzophenone, 2,2'-
dihydroxy-4-methoxybenzophenone, 2-hydroxy-4-
methoxy-5-sulfobenzophenone, bis(2-methoxy-4-hydroxy-
5-benzoylphenylmethane), (2,4-bis-(n-octylthio)-6-(4-
hydroxy-3,5-di-tert-butylanilino)-1,3,5-triazine, 2-(2'-
hydroxy-3'5'-di-tert-butylphenyl)-5-chlorobenzotriazole,
(2(2'-hydroxy-3 °5’-di-tert-amylphenyl)-5-chlorobenzotria-
zole, 2,6-di-tert-butyl-p-cresol, pentaerythrityl-tetrakis[3-(3,
S-di-tert-butyl-4-hydroxyphenyl)propionate], triethyleneg-
lycol-bis[3-(3-tert-butyl-5-methyl-4-hydroxyphenyl)
propionate], 1,6-hexanediol-bis[3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate], 2,4-bis-(n-octylthio)-6-(4-
hydroxy-3,5-di-tert-butylanilino)-1,3,5-triazine, ~ 2,2-thio-
diethylenebis [3-(3,5-di-tert-butyl-4-hydroxvphenyl)
propionate], octadecyl-3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate, N,N'-hexamethylenebis(3,5-di-
tert-butyl-4-hydroxy-hydrocinnamide), 1,3,3-trimethyl-2.4,
6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)benzene, tris-(3,5-
di-tert-butyl-4-hydroxybenzyl)-isocianurate, and the like.
Particularly preferred examples are (2,4-bis-(n-octylthio)-6-
(4-hydroxi-3,5-di-tert-butylanilino)-1,3,5-triazine, 2-(2'-hy-
droxy-3',5'-di-tert-butylphenyl)-5-chlorbenzotriazole, 2-(2'-
hydroxy-3',5'-di-tert-amylphenyl)-5-chlorbenzotriazole,
2,6-di-tert-butyl-p-cresol, pentaerythrityl-tetrakis[3-(3,5-di-
tert-butyl-4-hydroxyphenyl)propionate], and triethylenegly-
col-bis[3-(3-tert-butyl-5-methyl-4-hydroxyphenyl)propi-
onate].

[0428] Further, triazine-based ultraviolet absorbers repre-
sented by Formulas described in Re-published patent
W02005/109052 are used, and detailed examples of com-
pounds Nos. 1 to 36 may be preferably used.

[0429] <Other Additives>
[0430] (Matting Agent Fine Particles)
[0431] The substrate film may include fine particles as a

matting agent. Examples of the fine particles used as the
matting agent may include silicon dioxide, titanium dioxide,
aluminum oxide, zirconium oxide, calcium carbonate, talc,
clay, calcined kaolin, calcined calcium silicate, hydrated cal-
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cium silicate, aluminum silicate, magnesium silicate and cal-
cium phosphate. As the fine particles, those including silicon
are preferable in that the haze is low, and silicon dioxide is
preferable.

[0432] As the fine particles of silicon dioxide, those having
a primary average particle diameter of 20 nm or less and an
apparent specific gravity of 70 g/LL or more are preferable.
Those having a small average particle size of primary par-
ticles as 5 to 16 nm are more preferred because the haze of the
film may be reduced. The apparent specific gravity is prefer-
ably 90 to 200 g/L, and more preferably 100 to 200 g/L. A
larger apparent specific gravity is preferred because a disper-
sion with a high concentration may be prepared and thus the
haze and the coagulated material are improved.

[0433] These fine particles usually form secondary par-
ticles with an average particle size of 0.1 to 3.0 um, and exist
as agglomerates of the primary particles in a film and form
unevenness of 0.1 to 3.0 um on the surface of the film. The
secondary particle diameter is preferably 0.2 to 1.5 pm, more
preferably 0.4 to 1.2 um, and most preferably 0.6 to 1.1 pm.
Particles in a film are observed under a scanning electron
microscope and the circumscribed circle diameters of the
particles are taken as a particle size of the primary or second-
ary particles. Further, a total of 200 particles at different sites
are observed to take the average value thereof as an average
particle size.

[0434] As fine particles of silicon dioxide, commercially
available products, for example, AEROSIL R972, R972V,
R974, R812, 200, 200V, 300, R202, OX50 and TT600 (all
manufactured by Nippon Aerosil Co., Ltd.) may be used. As
fine particles of zirconium oxide, for example, products under
the brand names of AEROSIL R976 and R811 (both manu-
factured by Nippon Aerosil Co., Ltd.) are commercially avail-
able and thus may be used.

[0435] Among them, AEROSIL 200V and AEROSIL
R972V, which are fine particles of silicon dioxide, are par-
ticularly preferred as having an average primary particle size
of 20 nm or less and an apparent specific gravity of 70 g/L or
more and being highly effective in reducing frictional coeffi-
cient of the optical film while maintaining the turbidity of the
film low.

[0436] (Other Additives)

[0437] In addition to the mat particles, various additives
(for example, retardation controlling agents, retardation plas-
ticizers, UV absorbers, deterioration inhibitors, release
agents, IR absorbers, wavelength dispersion controlling
agent, and the like) may be added to the substrate film, and
these additives may be either solid or oily. That is, the melting
point or boiling point thereof is not particularly limited.
Examples thereof include a mixture of a UV absorbing mate-
rial at 20° C. and another UV absorbing material at 20° C. or
more, and the same applies to a mixture of plasticizers.
Examples of such mixtures are described in Japanese Patent
Application Laid-Open No. 2001-151901, and the like. Fur-
ther, IR absorbing dyes are described, for example, in Japa-
nese Patent Application Laid-Open No. 2001-194522. In
addition, the additives may be added at any time in the manu-
facturing process of the dope. However, adding the additives
may be performed by further including a process for adding
additives to the final preparation process in the dope prepa-
ration process to prepare the dope solution. Furthermore, the
amount of each material added is not particularly limited as
long as functions are manifested. Further, when the optical
film has a multilayer structure, the kinds or amounts of addi-
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tives added may differ among each layer. For example, there
are descriptions in Japanese Patent Application Laid-Open
No. 2001-151902, and the like, but these techniques are
known in the related art. For details, materials described in
detail in Japan Institute of Invention and Innovation Journal
of Technical Disclosure (Technical Publication No. 2001-
1745, Mar. 15, 2001, published by Japan Institute of Inven-
tion and Innovation), pp. 16 to 22, are preferably used.
[0438] A plasticizer which is high in compatibility with the
thermoplastic resins (in particular, cellulous ester and acrylic
resin) is not easily bled out, has low haze, and is effective in
manufacturing a film implementing a liquid crystal display
which is excellent in light leakage, front contrast, and lumi-
nance.

[0439] The substrate film may include the plasticizers. The
plasticizers may include phosphoric acid ester-based plasti-
cizers, phthalic acid ester-based plasticizers, polyhydric alco-
hol ester-based plasticizers, polyhydric carboxylic acid ester-
based plasticizers, glycolate-based plasticizers, citric acid
ester-based plasticizers, aliphatic acid ester-based plasticiz-
ers, carboxylic acid ester-based plasticizers, polyester oligo-
mer-based plasticizers, sugar ester-based plasticizers, ethyl-
enically unsaturated monomer copolymer-based plasticizer,
and the like.

[0440] The plasticizers are preferably phosphoric acid
ester-based plasticizers, glycolate-based plasticizers, polyhy-
dric alcohol ester-based plasticizers, polyester oligomer-
based plasticizers, sugar ester-based plasticizers, and ethyl-
enically unsaturated monomer copolymer-based plasticizers,
more preferably polyester oligomer-based plasticizers, sugar
ester-based plasticizers, and ethylenically unsaturated mono-
mer copolymer-based plasticizers, even more preferably eth-
ylenically unsaturated monomer copolymer-based plasticizer
and sugar-ester based plasticizers, and particularly preferably
ethylenically unsaturated monomer copolymer-based plasti-
cizer.

[0441] <Characteristics of Thermoplastic Resin Film>
[0442] (Retardation of Thermoplastic Resin Film)
[0443] When the thermoplastic resin film is used as the

substrate film of the polarizing plate protective films F1 and
F4, Re and Rth (defined as Equations (I') and (II') given
below) measured in a wavelength of 590 nm preferably meet
Equations (III') and (IV").

[0444] The thermoplastic resin film that satisfies Equations
(IIT"y and (IV") preferably include (meth)acrylic-based resin
(may be the (meth)acrylic-based polymer having a ring struc-
ture in the main chain), the cyclic polyolefin-based resin,
cellulous acylate, and a mixed resin of cellulous acylate and
the (meth)acrylic resin.

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

Rih=(nx+ny)2-nz}xd Equation (IT')

Rel=50 nm Equation (IIT)

Rth|<300 nm Equation {IV")

Further, as a separate preferable aspect different therefrom, in
the polarizing plate protective films F1 and F4 of the present
invention, Re (defined by Equation (I) given above) prefer-
ably meets Equation (V'), further, a Nz value (defined by
Equation (VI') given below) more preferably meets Equation
(VII"), each of Re and Nz most preferably meet both Equa-
tions (V) and (VII') and in particular, the polarizing plate
protective films F1 and F4 are preferably used in a liquid
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crystal display using a white light source having a consecu-
tive light emitting spectrum as the backlight.

[0445] Herein, the white light source having the consecu-
tive light emitting spectrum is a white light emitting diode,
and the like and a white light emitting diode constituted by a
blue LED device and a yellow fluorescent substance is par-
ticularly preferably used.

[0446] The thermoplastic resin film that satisfies Equation
(V') or (VII') preferably includes a polyester-based resin or a
polycarbonate-based resin and more preferably a polyester-
based resin and as the polyester-based resin, polyethylene
terephthalate and polyethylene naphthalate are preferred.

3000 nm=Re=30000 nm Equation (V')

Nz=(nx-nz)/(nx-ny)=Rth/Re+0.5

[0447] Herein, Nz=Rth/Re+0.5 and may be acquired by
calculation in Re and Rth.

[0448] In (VII") Nz=<2.0 (Equations (I') to (VII'), nx is a
refractive index in an in-plane slow axis direction of a film, ny
is arefractive index in an in-plane fast axis direction ofa film,
nz is a refractive index in a thickness direction of a film, and
d is a thickness of a film (nm).

[0449] When the thermoplastic resin film is used as the
polarizing plate protective films F2 and F3 in IPS mode liquid
crystal display, Re and Rth (defined similarly to Equations (I')
and (II") measured in the wavelength of 590 nm in the ther-
moplastic resin film in terms of the display characteristic is
preferably 0 nms=|Rel=<10 nm and [Rth|<25 nm, more prefer-
ably 0 nm=|Rel<5 nm and IRth|=<10 nm, and even more pref-
erably 0 nms|Rels2 nm and IRth/<3 nm

[0450] When the thermoplastic resin film is used as the
polarizing plate protective films F2 and F3 in VA mode liquid
crystal display, Re and Rth (defined similarly to Equations (I')
and (II") measured in the wavelength of 590 nm in the ther-
moplastic resin film in terms of the display characteristic is
preferably IRel<100 nm and [Rth|=00 nm, more preferably 25
nms|Rel<100 nm and 50 nm=|Rthl<250 nm, and RE is even
more preferably 30 nm=|Rel=80 nm and particularly prefer-
ably 35 nm=<IRel<70 nm. Rth is even more particularly 70
nms|Rth|<240 nm and particularly preferably 90
nm=|Rth|<230 nm.

[0451] In the present specification, Re, Rth, and Nz in a
wavelength of A nm may be measured by the following
method.

[0452] Re is measured by irradiating with an incident light
of of A nm in wavelength in the normal direction of the film
using KOBRA 21 ADH (manufactured by Ohji Measurement
Co., Ltd.).

[0453] Rth is calculated by KOBRA 21 ADH based on a
retardation value measured in 3 directions from a sum of the
Re, a retardation value measured by irradiating with an inci-
dent light of A nm in wavelength in the direction inclined at an
angle of +40° with respect to a direction of the normal line of
the film with taking the slow axis in plane (determined by
KOBRA 21 ADH) as an inclination axis (rotation axis), and a
retardation value measured by irradiating with an incident
light of A nm in wavelength in the direction inclined at an
angle of -40° with respect to a direction of the normal line of
the film with taking the slow axis in plane as an inclination
axis (rotation axis). Here, as the assumed value of average
refractive index, those described in a thermoplastic handbook
(John Wiley & Sons, Inc.) and catalogues of various optical
films can be used. The average refractive index of which value
is not already known may be measured by an Abbe refracto-

Equation (VI)
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meter. Values of average refractive index of main optical films
are illustrated below. The average refractive indexes of the
main optical films may be expressed as Cellulose acylate
(1.48), cycloolefin thermoplastic (1.52), polycarbonate
(1.39), polymethyl methacrylate (1.49) and polystyrene
(1.59).

[0454] In the measurement of the substrate film, when the
thermoplastic resin used in the substrate film is cellulous
ester, the retardation is measured by setting the average
refractive index of the substrate film to 1.48.

[0455] Re and Rth may be adjusted by the kind (when the
thermoplastic resin used in the substrate film is cellulosic
ester, of the thermoplastic resin used in the thermoplastic
resin film, a substitution degree of cellulosic ester), the quan-
tity of the thermoplastic resin and additives, addition of the
retardation expressing agent, the film thickness of the film,
the stretching direction and stretching rate of the film, and the
like.

[0456] (Thickness of Thermoplastic Resin Film)

[0457] The thickness of the polarizing plate protective film
is preferably 5 um to 100 pm, more preferably 10 pm to 80
um, particularly preferably 15 um to 70 pm, and more par-
ticularly preferably 20 pm to 60 um.

[0458] 1In particular, when the thermoplastic resin film is
used as the substrate film of the polarizing plate protective
films F1 and F4, the film thickness is controlled to the range
to reduce the unevenness of the panel accompanied by the
environment in which the liquid crystal display is positioned,
that is, the temperature/humidity change after laminating the
functional layer, in particular, the low moisture-permeable
layer.

[0459] <The Moisture Permeability of the Thermoplastic
Resin Film>
[0460] The moisture permeability of the thermoplastic

resin film is measured under conditions of 40° C. and 90% RH
based on JIS Z-0208.

[0461] When the moisture permeability of the substrate
film is preferably 800 g/m*/day or less, more preferably 400
g/m?*/day or less, even more preferably 200 g/m*/day or less,
and more particularly preferably 150 g/m*/day or less.
[0462] In particular, when the thermoplastic resin film is
used as the substrate film of the polarizing plate protective
films F1 and F4, the moisture permeability of the substrate
film is controlled to the range to suppress the bending of the
liquid crystal cell and the display unevenness in black display
after the room-temperature environment time, the high-hu-
midity environment time, and the high-temperature high-
humidity environment time elapse of the liquid crystal dis-
play with the polarizing plate protective film (the polarizing
plate protective film of the present invention) acquired by
laminating the functional layer, in particular, the low mois-
ture-permeable layer.

[0463] (Oxygen Permeation Coefficient of Thermoplastic
Resin Film)
[0464] In particular, when the thermoplastic resin film is

used as the substrate film of the polarizing plate protective
films F1 and F4, diffusion of water in the film is preferably
suppressed, that is, a free volume of the film is preferably
decreased, in order to reduce the moisture permeability. In
general, the free volume of the film is correlated with the
oxygen permeation coefficient of the film.

[0465] The oxygen permeation coefficient of the substrate
film is preferably 100 cc-mm/(m*-day-at m) or less and more
preferably 30 cc-mm/(m*day-at m) or less.
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[0466] (Haze of Thermoplastic Resin Film)

[0467] A total haze value of the thermoplastic resin film is
preferably 2.00% or less. When the total haze value is 2.00%
or less, transparency of the film is high and it is effective to
improve the contrast ratio or luminance of the liquid crystal
display. The total haze value is more preferably 1.00% or less,
even more preferably 0.50% or less, particularly preferably
0.30% or less, and most preferably 0.20% or less. As the total
haze value is smaller, the optical performance is excellent, but
when selection of raw materials, preparation management, or
a handling ability is also considered, the total haze value is
preferably 0.01% or more.

[0468] An internal haze value of the thermoplastic resin
film is preferably 1.00% or less. The contrast ratio of the
liquid crystal display is improved by setting the internal haze
value to 1.00% or less to realize an excellent display charac-
teristic. The internal haze value is more preferably 0.50% or
less, even more preferably 0.20% or less, particularly prefer-
ably 0.10% or less, and most preferably 0.05% or less. The
internal haze value is preferably 0.01% or more in terms of the
selection of the raw materials or the preparation management.
[0469] As the thermoplastic resin film, a thermoplastic
resin film having the total haze value of 0.30% or less and the
internal haze value of 0.10% or less is preferable.

[0470] The total haze value and the internal haze value may
be adjusted by the kind and an addition amount of the film
material or selection of the additives (in particular, the diam-
eter of the particle, the refractive index, and the addition
amount of the matting agent or furthermore, the film prepa-
ration condition (a temperature or stretching magnification in
stretching).

[0471] Measurement of haze may be conducted with a film
sample of the present invention having 40 mmx80 mm at 25°
C. and 60% RH in accordance with JISK-6714 by using a
haze meter (HGM-2DP, manufactured by Suga Test Instru-
ments Co., Ltd.), and the like.

[0472] (Elastic Modulus of Thermoplastic Resin Film)
[0473] The elastic modulus of the thermoplastic resin film
is preferably 1800 to 10000 MPa in the width direction (TD
direction).

[0474] In the present invention, the TD-direction elastic
modulus is set to the range, and as a result, the elastic modulus
is preferable in terms of preparation adequacy such as the
display unevenness in the black display after the high-humid-
ity environment time and the high-temperature high-humid-
ity environment time elapse, a delivery ability in preparing
the film, an end slit property or a fracture difficulty, and the
like. When a TD elastic modulus is excessively small, the
display unevenness in the black display easily occurs after the
high-humidity environment time and the high-temperature
high-humidity environment time elapse and further, there is a
problem in the preparation adequacy and when the TD elastic
modulus is excessively large, film processability deteriorates,
and as a result, the TD-direction elastic modulus is more
preferably 1800 to 9000 MPa and even more preferably 1800
to 8000 MPa.

[0475] Further, a delivery-direction (MD-direction) elastic
modulus of the thermoplastic resin film is preferably 1800 to
6000 MPa and more preferably 1800 to 5000 MPa.

[0476] Herein, the conveying direction (longitudinal direc-
tion) of the film is a conveying direction (MD direction) in
preparing the film and a width direction is a direction (TD
direction) vertical to the conveying direction in preparing the
film.
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[0477] The elastic modulus of the film may be adjusted by
the kind and the addition amount of the thermoplastic resin of
the substrate film material or selection of the additives (in
particular, the diameter of the particle, the refractive index,
and the addition amount of the matting agent) or furthermore,
the film preparation condition (stretching magnification, and
the like).

[0478] The elastic modulus may be acquired by using uni-
versal tensile tester “STMTS0BP” manufactured by Toyo
Baldwin Co., [.td.) and measuring stress when the sample is
stretched by 0.5% tensile strength under the conditions 0f23°
C., 70% RH, and stretching rate of 10%/min

[0479] (Glass Transition Temperature Tg of Thermoplastic
Resin Film)
[0480] The glass transition temperature Tg of the thermo-

plastic resin film is preferably 100° C. to 200° C. or less and
further, preferably 100° C. to 150° C. or less in terms of the
preparation adequacy and heat resistance.

[0481] The glass transition temperature may be determined
by using a differential scanning calorimeter (DSC) as an
average value of a temperature at which a base line derived
from glass transition of the film when measured at a tempera-
ture increasing rate of 10° C./min starts to be modified and a
temperature at which the glass goes back to the base line.
[0482] Furthermore, measurement of the glass transition
temperature may be conducted by using the following
dynamic viscoelasticity measuring instrument. A 5 mmx30
mm film sample (not stretched) of the cellulose acylate film of
the present invention is humidity controlled at25° C. and 60%
RH for at least 2 hours. Measurement is made with the
dynamic viscoelasticity measuring device (Vibron: DVA-225
(manufactured by ITK Co., Ltd) at adistance between grips of
20 mm, at a heating rate of 2° C./min, at a measuring tem-
perature range from 30° C. to 250° C., and at a frequency of
1 Hz. When the storage modulus is plotted on a logarithmic
ordinate and temperature (° C.) is plotted on a linear abscissa,
a straight line 1 and a straight line 2 exhibiting a steep
decrease in storage modulus observed at the phase transition
from the solid region to the glass transition region are drawn
in the solid region and the glass transition region, respec-
tively. The intersection of the lines 1 and 2 indicates the
temperature at which the storage modulus starts to decrease
abruptly and the film starts to soften during heating, and at
which the film begins to be transferred to the glass transition
region. Therefore, this temperature is referred to as the glass
transition temperature Tg (dynamic viscoelasticity).

[0483] (Knoop Hardness of Thermoplastic Resin Film)
[0484] In the polarizing plate protective film used on an
outermost surface, surface hardness is preferably high and in
this case, as the characteristic of the substrate film, Knoop
hardness is preferably high. The Knoop hardness is prefer-
ably 100 N/mm? or more and more preferably 150 N/mm? or
more.

[0485] (Equilibrium Water Content of Thermoplastic Resin
Film)
[0486] Thewater content (equilibrium water content) of the

thermoplastic resin film is preferably 0 to 4% by mass at 25°
C. and 80% RH irrespective of film thickness in order to
prevent harming the adhesion with an aqueous thermoplastic
resin, such as polyvinyl alcohol, and the like when the film is
used as a protective film for a polarizing plate. The water
content is more preferably 0 to 2.5% by mass and even more
preferably 0 to 1.5%. When the equilibrium water content is
4% by mass or less, it is preferable by considering depen-
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dency by the change in humidity of the retardation is not
excessively large and the display unevenness in the black
display is suppressed after the room-temperature environ-
ment time, the high-humidity environment time, and the high-
temperature high-humidity environment time of the liquid
crystal display elapse.

[0487] A film sample with a size of 7 mmx35 mm is mea-
sured with a moisture measuring apparatus and a sample
drying apparatus “CA-03" and “VA-05” (all manufactured by
Mitsubishi Chemical Corporation) by the Karl Fischer
method as a method for measuring the water content. The
measured amount of water (g) is divided by a sample mass (g)
to calculate the water content.

[0488] When the liquid crystal display of the present inven-
tion uses the polarizing plate having the polarizing plate
protective film F1 and the polarizing plate protective film F2
as the front side (visual side) polarizing plate or uses the
polarizing plate having the polarizing plate protective film F3
and the polarizing plate protective film F4 as the rear side
(non-visual side) polarizing plate, a preferable aspect of the
equilibrium water contents of the polarizing plate protective
films F2 and F3 is disclosed.

[0489] Herein, the polarizing plate protective films F2 and
F3 are the thermoplastic resin films including a (meta)
acrylic-based resin, a polycarbonate-based resin, a polysty-
rene-series resin, a cyclic polyolefin-series resin, a glutaric
anhydride-series resin, a glutaric imide-series resin, a cellu-
lous-series resin, and a mixed resin of the multiple kinds of
resins.

[0490] As one ofthe preferred embodiments, thermoplastic
resin films are used as the polarizing plate protective films F2
and F3, which are low in water content of the thermoplastic
resin film and the equilibrium water content itself which the
polarizing plate may include under the high temperature
high-humidity environment is decreased to decrease the
water contents just after the high temperature high-humidity
environment time elapses and just after the time elapses under
low humidity after the high temperature high-humidity envi-
ronment time elapses. The water content of the polarizing
plate protective films F2 and F3 in this case at 25° C. and 80%
RH is preferably 0% by mass or more and less than 2% by
mass.

[0491] As the other one of the preferred embodiments, the
polarizing plate protective films F2 and F3 are used, which are
slight high in water content of the thermoplastic resin film and
the equilibrium water content itself which the polarizing plate
may include under the high temperature high-humidity envi-
ronment is actually decreased by an effect of low moisture
permeability of the polarizing plate protective films F1 and F4
and the water contents are decreased just after the high tem-
perature high-humidity environment time elapses and just
after the time elapses under low humidity after the high tem-
perature high-humidity environment time elapses.

[0492] In the case of the embodiment, even when thermo-
plastic resin films which are slight large are used the polariz-
ing plate protective films F2 and F3, the warp unevenness is
reduced, and as a result, it is particularly useful in the case in
which the film is limited, such as the case in which the optical
compensatory films are used as the polarizing plate protective
films F2 and F3, and the like.

[0493] The water contents of the polarizing plate protective
films F2 and F3 at 25° C. and 80% RH are preferably 2 to 4%
by mass, more preferably 2.5 to 4.0% by mass, and even more
preferably 2.5 to 3.5%.
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[0494] (Dimensional Change of Thermoplastic Resin
Film)
[0495] The cellulose acylate film of the present invention

preferably has dimensional stability such that the dimen-
sional changes occurring when the film is left to stand at 60°
C. and 90% RH for 24 hours (high humidity condition) and
when the film is left to stand at 80° C. and dry environment
(5% RH orless) for 24 hours (high temperature condition) are
both 0.5% or less. The dimensional change is more preferably
0.3% or less, and even more preferably 0.15% or less.

[0496] (Photoelastic Coeflicient of Thermoplastic Resin
Film)
[0497] When the polarizing plate protective film of the

present invention is used, there may be a change in birefrin-
gence (Re, Rth) due to the stress accompanying the contrac-
tion of the polarizer. Such a change in birefringence due to the
stress may be determined in terms of photoelastic coefficient,
but the range thereof is preferably 15 Br or less, more pref-
erably =3 to 12 Br, and even more preferably Oto 11 Br.
[0498] <Preparation Method of Substrate Film>

[0499] A preparation method of the substrate film using a
cellulosic resin or a mixed resin of the cellulosic resin and the
acrylic resin is available in both a process of forming a poly-
mer film (the substrate film) by casting a polymer solution
including the thermoplastic resin and the solvent on the sup-
port and a process of forming the substrate film by melting
and film-forming the thermoplastic resin, but the preparation
method is preferably achieved by casting and film-forming
the polymer solution including the thermoplastic resin and
the solvent on the support.

[0500] Further, the preparation method of the substrate film
may include a process of stretching the substrate film (alter-
natively, polymer film) in at least one of the conveying direc-
tion and the width direction of the film.

[0501] [Solvent]

[0502] A solventuseful in forming doping, which dissolves
the thermoplastic resin may be used without a limit.

[0503] Inthe presentinvention, both a chlorine solvent with
a chlorine organic solvent as a primary solvent and a non-
chlorine solvent without the chlorine organic solvent may be
used as an organic solvent. Two or more kinds of organic
solvent may be mixed and used.

[0504] (Preparation of Dope)

[0505] Dope may be prepared by a general method of per-
forming a treatment at a temperature of 0° C. or higher (nor-
mal temperature or high temperature). The preparation of the
dope which may be used in the present invention may be
performed by using a method and an apparatus for preparing
the dope in a typical solvent casting method. Further, in the
case of the general method, as the organic solvent, haloge-
nated hydrocarbon (in particular, dichloromethane) and alco-
hol (in particular, methanol, ethanol, 1-propanol, 2-propanol,
1-butanol, 2-butanol, t-butancl, 1-pentanol, 2-methyl-2-bu-
tanol, and cyclohexanol) are preferably used.

[0506] Itis preferred that a sum amount of the thermoplas-
tic resin of 10 to 40% by mass is preferably adjusted to be
included in the polymer solution.

[0507] The amount of the thermoplastic resin is even more
preferably 10 to 30% by mass. Any additives to be described
below may be added in the organic solvent (main solvent).
[0508] The solution may be prepared by stirring the ther-
moplastic resin and the organic solvent at a normal tempera-
ture (from O to 40° C.). The high-concentration solution may
be stirred under pressurization and heating conditions. Spe-
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cifically, the thermoplastic resin and the organic solvent are
put in a pressure vessel and hermetically sealed, and the
mixture is stirred under pressure while heating at a tempera-
ture of the boiling point of the solvent at a normal temperature
or higher and falling within the range where the solvent does
not boil.

[0509] The heating temperature is usually 40° C. or higher,
preferably 60to 200° C., and even more preferably 80 to 110°
C.

[0510] (Surface Processing)

[0511] The substrate film is subjected to surface processing
in some cases to achieve improvement of adhesion of the
substrate film and the low moisture-permeable layer or other
layers (for example, the polarizer, a primer layer, and a back
layer) and for example, a glow discharge treatment, an ultra-
violet irradiation treatment, a corona treatment, a flame treat-
ment, and an acid or alkali treatment may be used. The glow
discharge treatment described herein may be a low tempera-
ture plasma caused under a low pressure gas of 107> to 20
Torr, and further, preferably a plasma treatment under an
atmospheric pressure. The plasma excitable gas denotes a gas
that may be excited into plasma under the conditions as
described above, and includes argon, helium, neon, krypton,
xenon, nitrogen, carbon dioxide, freons such as tetrafluo-
romethane, mixtures thereof, and the like. These gases are
described in detail in Japan Institute of Invention and Inno-
vation Journal of Technical Disclosure (Technical Publica-
tion No. 2001-1745, Mar. 15, 2001, published by Japan Insti-
tute of Invention and Innovation) pp. 30 to 32 and may be
preferably used in the present invention.

[0512] [Functional Layer|

[0513] The polarizing plate protective film of the present
invention may have a functional layer.

[0514] Further, the polarizing plate protective film of the
present invention, in particular, the polarizing plate protective
films F1 and F4 may have the low moisture-permeable layer,
but further, another functional layer may be laminated on at
least one surface. Kinds of other functional layers are not
particularly limited, but the kinds of the functional layers may
include a hardcoat layer, an antireflective layer (layers in
which the refractive index is adjusted, such as a low refractive
index layer, an intermediate refractive index layer, and a high
refractive index layer), an antiglare layer, an antistatic layer,
an ultraviolet absorption layer and the like.

[0515] The other functional layer may be constituted by a
single layer or multi layers. A lamination method of the other
functional layer is not particularly limited, but the other func-
tional layer is preferably applied and installed on the optical
film of the present invention after laminating the low mois-
ture-permeable layer.

[0516] The other functional layer may be laminated on the
low moisture-permeable layer or laminated on a surface on
which the low moisture-permeable layer is not laminated.
When multiple other functional layers are laminated, one
functional layer may be laminated on the low moisture-pet-
meable layer and another functional layer may be laminated
on the surface on which the low moisture-permeable layer is
not laminated.

[0517] The thickness of the other functional layer is more
preferably 0.01 to 100 pm, and particularly preferably 0.02 to
50 pm.

[0518] The antireflective film on which the anti-reflective
layer is laminated as the other functional layer, a hardcoat
layer, a forward scattering layer and an antiglare layer are
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described in [0257] to [0276] of Japanese Patent Application
Laid-Open No. 2007-86748, and a functionalized polarizing
plate may be prepared based on the description thereof.
[0519] Further, a luminance improvement film and another
functional optical film may be laminated on the polarizing
plate of the present invention.

[0520] (Anti-Reflective Layer and Anti-Reflective Film)
[0521] As the anti-reflective film, both a film having a
reflectance ofabout 1.5%, in which only the single layer made
of a low refractive index material such as a fluorine-based
polymer is imparted and a film having a reflectance of 1% or
less using multilayered interference of a thin film may be
used. In the present invention, a construction, in which a low
refractive index layer and at least one layer (that is, the high
refractive index layer and the medium refractive index layer)
having a refractive index higher than the low refractive index
layer are laminated on a transparent support, is preferably
used. In addition, anti-reflective films described in Nitto tech-
nical report, Vol. 38, No. 1, May 2000, pages 26 to 28, Japa-
nese Patent Application Laid-Open No. 2002-301783 or the
like may also be preferably used.

[0522] The refractive index of each layer satisfies the fol-
lowing relationship. Refractive index of high refractive index
layer>Refractive index of medium refractive index
layer>Refractive index of transparent support>Refractive
index of low refractive index layer

[0523]  As the transparent support used in the anti-reflective
film, the thermoplastic resin film used in the polarizing plate
protective film may be preferably used and the transparent
support is preferably a transparent film substrate.

[0524] Therefractiveindex of the low refractive index layer
is preferably from 1.20 to 1.55, and more preferably from
1.30to 1.50. The low refractive index layer is preferably used
as an outermost layer having scratch resistance and antifoul-
ing properties. In order to improve the scratch resistance, it is
preferably performed to impart slipperiness to the surface by
using a material such as a silicon-containing compound
including a silicon group, a fluorine-containing compound
including fluorine or the like.

[0525] As the fluorine-containing compound, compounds
described in, for example, [0018]t0[0026] of Japanese Patent
Application Laid-Open No. H9-222503, [0019] to [0030] of
Japanese Patent Application Laid-Open No. 11-38202,
[0027] to [0028] of Japanese Patent Application Laid-Open
No.2001-40284, Japanese Patent Application Laid-Open No.
2000-284102 and the like may be preferably used.

[0526] The silicon-containing compound is preferably a
compound having a polysiloxane structure, but reactive sili-
cones (for example, SILAPLANE (manufactured by Chisso
Corporation), polysiloxanes including a silanol group at the
both terminals thereof (Japanese Patent Application Laid-
Open No. H11-258403) or the like may also be used. An
organometallic compound such as silane coupling agents and
a silane coupling agent including a specific fluorine-contain-
ing hydrocarbon group may be cured by a condensation reac-
tion in the presence of a catalyst (compounds described in
Japanese Patent Application Laid-Open Nos. S58-142958,
S58-147483 and S58-147484, Japanese Patent Application
Laid-Open Nos. H9-157582 and H11-106704, and Japanese
Patent Application Laid-Open Nos. 2000-117902, 2001-
48590, and 2002-53804, and the like).

[0527] In the low refractive index layer, a filler (for
example, a low refractive index inorganic compound having
an average primary particle size of from 1 nm to 150 nm, such
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as silicon dioxide (silica), fluorine-containing particles (mag-
nesium fluoride, calcium fluoride, and barium fluoride),
organic particles described in [0020] to [0038] of Japanese
Patent Application Laid-Open No. 11-3820, and the like), a
silane coupling agent, a lubricant, a surfactant, and the like
may be preferably included as additives other than the above-
described compounds.

[0528] Although the low refractive index layer may be
formed by a vapor phase method (a vacuum vapor deposition
method, a sputtering method, an ion plating method, a plasma
CVD method and the like), the low refractive index layer is
preferably formed by a coating method in that the layer may
be prepared at a low cost. Next, as the coating method, a dip
coating method, an air knife coating method, a curtain coating
method, a roller coating method, a wire bar coating method, a
gravure coating method, a micro gravure method or the like
may be preferably used.

[0529] The film thickness of the low refractive index layer
is preferably 30 to 200 nm, more preferably 50 to 150 nm, and
even more preferably 60 to 120 nm.

[0530] It is preferable that the medium refractive index
layer and the high refractive index layer are each constructed
by dispersing a high refractive index inorganic compound
superfine particle having an average particle size of not more
than 100 nm in a matrix material. As the high refractive index
inorganic compound particle, an inorganic compound having
arefractive index of 1.65 or more, for example, oxides of Ti,
Zn, Sb, Sn, Zr, Ce, Ta, La, In and the like, composition oxides
including such a metal atom and the like may be preferably
used.

[0531] Such asuperfine particle may be used in as an aspect
of treating the particle surface with a surface treating agent
(silane coupling agents and the like: Japanese Patent Appli-
cation Laid-Open Nos. H11-295503 and H11-153703 and
Japanese Patent Application Laid-Open 2000-9908 anionic
compounds or organometallic coupling agents: Japanese
Patent Application Laid-Open No. 2001-310432, and the
like), an aspect of adopting a core-shell structure using the
high refractive index particle as a core (Japanese Patent
Application Laid-Open No. 2000-166104 and the like), an
aspect of using a specific dispersant in combination (for
example, Japanese Patent Application Laid-Open No. H11-
153703, U.S. Pat. No. 6,210,858B1, Japanese Patent Appli-
cation Laid-Open No. 2002-2776069 and the like), and the
like.

[0532] Asthe matrix material, thermoplastic resins, curable
resin films and the like known in the related art may be used,
and polyfunctional materials described in Japanese Patent
Application Nos. 2000-47004, 2001-315242, 2001-31871,
2001-296401 and the like, or curable films obtained from a
metal alkoxide composition described in Japanese Patent
Application Laid-Open No. 2001-293818 and the like may
also be used.

[0533] The refractive index of the high refractive index
layer is preferably from 1.70to 2.20. The thickness of the high
refractive index layer is preferably from 5 nm to 10 um and
more preferably from 10 nm to 1 pm.

[0534] The refractive index of the medium refractive index
layer is adjusted such that the refractive index is a value
between the refractive index of the low refractive index layer
and the refractive index of the high refractive index layer. The
refractive index of the medium refractive index layer is pref-
erably 1.50 to 1.70.
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[0535] The haze of the anti-reflective film is preferably 5%
or less and more preferably 3% or less. Furthermore, the
strength of the film is preferably H or more, more preferably
2H or more and most preferably 3H or more by a pencil
hardness test in accordance with JIS K5400.

[0536] [Hardcoat Layer]

[0537] Inordertoimpartadynamic strength such as scratch
resistance and the like, it is preferably performed that the
polarizing plate of the present invention is combined with a
functional optical film having a hardcoat layer formed on the
surface of the transparent support. When the hardcoat layer is
applied to the above-described anti-reflective film and used, it
is especially preferable to install the hardcoat layer between
the transparent support and the high refractive index layer.
[0538] Itis preferred that the hardcoat layer is formed by a
crosslinking reaction of a curable compound by light and/or
heat or a polymerization reaction. As a curable functional
group, a photopolymerizable functional group is preferred,
and as a hydrolyzable functional group-containing organo-
metallic compound, an organic alkoxysilyl compound is pre-
ferred. As a specific constituent composition of the hardcoat
layer, those described in, for example, Japanese Patent Appli-
cation Laid-Open Nos. 2002-144913 and 2000-9908, WO
00/46617 pamphlet and the like may be preferably used.
[0539] The film thickness of the hardcoat layer is prefer-
ably 0.2 pm to 100 pm.

[0540] The strength of the hardcoat layer is preferably H or
more, more preferably 2H or more and most preferably 3H or
more by a pencil hardness test in accordance with JIS K5400.
Furthermore, it is preferred that the amount of abrasion of a
test specimen before and after the test in the Taber test in
accordance with JIS K5400 is as small as possible.

[0541] As amaterial for forming the hardcoat layer, a com-
pound including an ethylenically unsaturated group and a
compound including a ring-opening polymerizable group
may be used, and these compounds may be used either alone
or in combination thereof. Preferred examples of the com-
pound including an ethylenically unsaturated group may
include polyacrylates of a polyol such as ethylene glycol
diacrylate, trimethylolpropane triacrylate, ditrimethylolpro-
pane tetraacrylate, pentaerythritol triacrylate, pentaerythritol
tetraacrylate, dipentaerythritol pentaacrylate, and dipen-
taerythritol hexaacrylate; epoxy acrylates such as diacrylate
of bisphenol A diglycidyl ether, and diacrylate of hexanediol
diglycidyl ether; urethane acrylates obtained by a reaction of
a polyisocyanate and a hydroxyl group-containing acrylate
such as hydroxyethyl acrylate; and the like as a preferred
compound. Further, EB-600, EB-40, EB-140, EB-1150,
EB-1290K, IRR214, EB-2220, TMPTA, TMPTMA (all of
which are manufactured by DAICEL-UCB Company, Ltd.),
UV-6300, UV-1700B (all of which are manufactured by Nip-
pon Synthetic Chemical Industry Co., Ltd.), and the like may
be included as commercially available compounds.

[0542] In addition, preferred examples of the compound
including a ring-opening polymerizable group may include
glycidyl ethers such as ethylene glycol diglycidyl ether,
bisphenol A diglycidyl ether, trimethylolethane triglycidyl
ether, trimethylolpropane triglycidyl ether, glycerol trigly-
cidyl ether, triglycidyl trishydroxyethyl isocyanurate, sorbi-
tol tetraglycidyl ether, pentaerythritol tetraglycidyl ether,
polyglycidyl ether of a cresol novolak resin, and polyglycidyl
ether of a phenol novolak resin; alicyclic epoxys such as
CELLOXIDE 2021P, CELLOXIDE 2081, EPOLEAD
GT-301, EPOLEAD GT-401 and EHPE3150CE (all of which
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are manufactured by Daicel Chemical Industries, Ltd.), poly-
cyclohexyl epoxy methyl ether of a phenol novolak resin);
oxetanes such as OXT-121, OXT-221, OX-SQ and PNOX-
1009 (all of which are manufactured by TOAGOSEI Co.,
Ltd.); and the like. Besides, polymers of glycidyl (meth)
acrylate or copolymers of glycidyl (meth)acrylate and a copo-
lymerizable monomer may be used in the hardcoat layer.
[0543] In order to lower hardening and contraction of the
hardcoat layer, improve adhesion to a base material, and
lower curl of a hardcoat-treated article in the present inven-
tion, it is preferably performed that a crosslinked particle,
such as an oxide fine particle of silicon, titanium, zirconium,
and aluminum, and an organic fine particle, such as a
crosslinked particle of polyethylene, polystyrene, a poly
(meth)acrylic acid ester, and polydimethylsiloxane, a
crosslinked rubber fine particle of SBR, NBR and the like is
added to the hardcoat layer. The average particle size of these
crosslinked fine particles is preferably 1 nm to 20,000 nm.
Furthermore, as the shape of the crosslinked fine particle,
spherical, rod-like, acicular, tabular shapes and the like may
be used with any particular limitation. The amount of par-
ticles added is preferably 60% by volume or less, and more
preferably 40% by volume or less of the hardcoat layer after
hardening.

[0544] When the above-described inorganic particle is
added, the inorganic fine particle is generally poor in com-
patibility with a binder polymer, it is preferably performed
that the inorganic fine particle is subjected to a surface treat-
ment with a surface treating agent including a metal, such as
silicon, aluminum, and titanium and having a functional
group, such as an alkoxide group, a carboxylic acid group, a
sulfonic acid group, and a phosphonic acid group.

[0545] Tt is preferred that the hardcoat layer is cured by
using heat or active energy rays, among them, it is more
preferred to use active energy rays, such as radiations, gamma
rays, alpha rays, electron beams, and ultraviolet rays, and in
consideration of stability and productivity, it is particularly
preferred to use electron beams or ultraviolet rays. In the case
of performing curing by heat, the heating temperature is
preferably 140° C. orless and more preferably 100° C. or less,
in consideration of the heat resistance of the plastic itself.
[0546] (Antiglare Layer)

[0547] The antiglare layer is used to scatter reflected light
and prevent image reflection.

[0548] Thehaze ofan optical film having an antiglare func-
tion is preferably 3% to 30%, more preferably 5% to 20% and
most preferably 7% to 20%.

[0549] The antiglare layer is formed for the purpose of
imparting, to the film, a hardcoating property for improving
the antiglare property caused by surface scattering, and pref-
erably the hardness and the scratch resistance of the film.

[0550] Theantiglare layer which may be used in the present
invention includes the binder and the light-transmitting par-
ticles for imparting the antiglare property and the unevenness
of the surface is preferably formed by protrusions of the
light-transmitting particles or protrusion formed by an aggre-
gate of a plurality of particles.

[0551] A detailed example of the light-transmitting par-
ticles may preferably include, for example, inorganic com-
pound particles such as silica particles, and TiO2 particles,
and resin particles such as acrylic particles, crosslink acrylic
particles, polystyrene particles, crosslink styrene particles,
melamine resin particles, benzoguanamine resin particles.
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Among the particles, the crosslink styrene particles, the
crosslink acrylic particles, and the silica particles are pre-
ferred.

[0552] The shape of the light-transmitting particles may
adopt a spherical shape or an irregular shape.

[0553] It is preferable to adjust the refractive index of the
binder according to the refractive index of each light-trans-
mitting particle selected among the above-described particles
in terms of controlling the internal haze and the surface haze.
The binder according to the light-transmitting particle may
include, for example, a binder (the refractive index after cur-
ing is 1.55 to 1.70) including 3 functions or more (meth)
acrylate monomer as the main component and any one or a
combination of both of the light-transmitting particle and the
benzoguanamine particle composed of the crosslinking poly
(meth)acrylate polymer having a styrene content of 50 to
100% by mass and among them, a combination of the binder
and the light-transmitting particle (the refractive index is 1.54
to 1.59) composed of the crosslinking poly(styrene-acrylate)
copolymer having a styrene content of 50 to 100 is appropri-
ately exemplified.

[0554] Further, in the above-mentioned terms, an absolute
value of a difference between the refractive index of the
binder and the refractive index of the light-transmitting par-
ticle is preferably 0.04 or less. The absolute value of the
difference between the refractive index of the binder and the
refractive index of the light-transmitting particle is preferably
0.001 to 0.030, more preferably 0.001 to 0.020, and even
more preferably from 0.001 to 0.015.

[0555] Herein, the refractive index of the binder may be
quantitatively evaluated by direct measurement using the
Abbe refractometer or by measuring a spectral reflection
spectrum or spectral ellipsomety. The refractive index of the
light-transmitting particle is measured by measuring turbid-
ity by equally dispersing the light-transmitting particles in the
solvent of which the refractive index is changed by changing
a mixture ratio of two solvents having different refractive
indexes and measuring the refractive index of the solvent
when the turbidity is minimum by using the Abbe refracto-
meter.

[0556] The contentof the light-transmitting particle is pref-
erably 3 to 30% by mass and more preferably 5 to 20% by
mass based on the total solid content of the formed antiglare
layer in terms of the antiglare property.

[0557] The method for forming the antiglare layer may
include, for example, a method for forming the antiglare layer
by laminating a mat type diluting film having an minute
unevenness on the surface thereof, which is disclosed in claim
22 of Japanese Patent Application Laid-open No. H6-16851,
amethod for forming the antiglare layer by curing contraction
of an ionizing radiation curing resin by a difference in ioniz-
ing radiation irradiation amount, which is disclosed in Japa-
nese Patent Application Laid-open No. 2000-206317, a
method for forming the unevenness on the coating layer by
gelling and solidifying light-transmitting fine particles and a
light-transmitting resin by reducing a weight ratio of a good
solvent to the light-transmitting resin through drying, which
is disclosed in claim 6 of Japanese Patent Application Laid-
open No. 2000-338310, a method for imparting a surface
unevenness by a pressure from the outside, which is disclosed
in claim 8 of Japanese Patent Application Laid-open No.
2000-275404, and the like and these known methods may be
used.
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[0558] Further, an aspect in which the light-transmitting
particle is included in the support to impart the antiglare
function to the support may also be preferably used. As the
aspect, the film having the antiglare function disclosed in
claim 1 of Japanese Patent Application Laid-open No. 2009-
258720 or claim 1 of Japanese Patent Application Laid-open
No. 2005-105926 is appropriately exemplified.

[0559] As a method for forming unevenness on the film
surface, for example, a method for adding a particle to form
unevenness on the film surface (for example, Japanese Patent
Application Laid-Open 2000-271878 and the like), a method
for adding a small amount (from 0.1% by mass to 50% by
mass) of a relatively large particle (particle size of 0.05 pm to
2 um) to form a film having an uneven surface (for example,
Japanese Patent Application Laid-Open Nos. 2000-281410,
2000-95893, 2001-100004, 2001-281407 and the like), a
method for physically transferring an unevenness shape onto
the film surface (for example, an embossing method
described in Japanese Patent Application Laid-Open Nos.
S63-278839 and H11-183710, Japanese Patent Application
Laid-Open No. 2000-275401 and the like); and the like may
be preferably used.

[0560] (Luminance Improving Film)

[0561] The polarizing plate of the present invention may be
used in combination with a luminance improving film. The
luminance improving film has a function of separating circu-
larly polarized light or linearly polarized light, is disposed
between a polarizing plate and a backlight, and backwardly
reflects or backwardly scatters the one-sided circularly polar-
ized light or linearly polarized light into the backlight side.
When the light having been again reflected from the backlight
part partially changes the polarization state and comes again
into the luminance improving film and the polarizing plate,
the light is partially transmitted and thus, by repeating this
process, the rate of use of light is improved and the front
luminance is improved by about 1.4 times. As the luminance
improving film, an anisotropic reflection mode and an aniso-
tropic scattering mode are known, and all of them may be
combined with the polarizing plate in the present invention.
[0562] In the anisotropic reflection mode, a luminance
improving film in which a uniaxially stretched film and an
unstretched film are stacked in a multiple manner to make a
difference in the refractive index in the stretching direction
large, thereby having anisotropy of the reflectance and trans-
mittance is known, and there is known a multilayered film
mode using the principle of a dielectric mirror (described in
WO 95/17691, WO 95/17692 and WO 95/17699) or a cho-
lesteric liquid crystal mode (described in European Patent
No. 606940A2 and Japanese Patent Application Laid-Open
No. 8-271731). In the present invention, DBEF-E, DBEF-D
and DBEF-M (all of which are manufactured by 3M Corpo-
ration) may be preferably used as the luminance improving
film of a multilayered mode using the principle of a dielectric
mirror, and NIPOCS (manufactured by Nitto Denko Corpo-
ration) may be preferably used as the luminance improving
film of a cholesteric liquid crystal mode. With respect to
NIPOCS, Nitto technical report, Vol. 38, No. 1, May 2000,
pages 19 to 21 and the like may be made herein by reference.
[0563] Further, itis also preferred touse the polarizing plate
of the present invention in combination with a luminance
improving film of an anisotropic scattering mode obtained by
blending a positive intrinsic birefringent polymer and a nega-
tive intrinsic birefringent polymer and uniaxially stretching
the blend as described in WO 97/32223, WO 97/32224, WO
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97/32225 and WO 97/32226, and Japanese Patent Applica-
tion Laid-Open Nos. H9-274108 and H11-174231. As the
luminance improving film of an anisotropic scattering mode,
DRPF-H (manufactured by 3M Corporation) is preferred.
[0564] The polarizing plate protective film of the present
invention may be used as the optical compensatory film of the
liquid crystal display. In this case, the liquid crystal display is
more preferably configured to have a liquid crystal cell
including liquid crystal held between two electrode sub-
strates, two polarizing elements disposed on both sides
thereof, and at least one optically-compensatory sheet dis-
posed between the liquid crystal cell and the polarizing
device. As the liquid crystal display, liquid crystal displays of
TN, IPS,FLC,AFLC,OCB, STN, ECB, VA, and HAN modes
are preferable and the liquid crystal displays of TN, OCB,
IPS, and VA modes are more preferable.

EXAMPLES

[0565] Hereinafter, examples of the present invention will
be described in detail. The materials, reagents, amounts and
ratios of substances, operations, and the like explained in
Examples below may appropriately be modified without
departing from the spirit of the present invention. Therefore,
the scope of the present invention is not limited to the specific
examples described below.

Preparative Example 1

Preparation of Thermoplastic Resin Film

[0566] <Preparation of Thermoplastic Resin Film 1>
Formula (1)
COOR? R?
Rl/ \o/ *o

[0567] A pellet of [in Formula (1), R" is a hydrogen atom
and R* and R* is a mixture of 90 parts by mass in which a mass
ratio of the (meth)acrylic resin copolymer monomer having a
lactone ring structure, which is a methyl group=methyl meth-
acrylate/2-(hydroxymethyl)methyl acrylate=8/2, a lactone
cyclization rate is approximately 100%, the content ratio of
the lactone ring structure is 19.4%, a mass average molecular
weight is 133000, a melt flow rate is 6.5 g/10 minutes (240°
C., 10 kgf), and Tg is 131° C. and 10 parts by mass of
acrylonitrile styrene (AS) resin (Toyo Asan AS AS20 pre-
pared by Toyo Styrene); Tg is 127° C.] was provided to the
biaxial extruder and melt-extracted in a sheet type at approxi-
mately 280° C. to obtain the (meth)acrylic resin sheet. The
unstretched sheet was stretched vertically and horizontally
under a temperature condition of 160° C. to obtain the ther-
moplastic resin film 1 (thickness: 40 um, in-plane retardation
Re: 0.8 nm, thickness-direction retardation Rth: 0.8, and
retardation value (R,,/R,,): 1.5 nm).

Preparative Example 2

Preparation of Thermoplastic Resin Film 2

[0568] An imidized resin was obtained by a method dis-
closed in [0173] to [0176] of Japanese Patent Application
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Laid-Open No. 2011-138119. The imidized resin was an
acrylic resin which has a glutaric imide ring structure in the
main chain and does not have an aromatic vinyl structure.
[0569] With respect to the imidized resin (III), an imidiza-
tion rate, the glass transition temperature, and an acid value
were measured. As aresult, the imidization rate was 4 mol %,
the glass transition temperature was 128° C., and the acid
value was 0.40 mmol/g.

[0570] [Calculation of Imidization Rate]

[0571] 'H-NMR of the resin was measured by using
'"H-NMR BRUKER AvancellI(400 MHz). The imidization
rate was acquired in a peak area A derived from O—CHj;
proton of the methyl methacrylate around 3.5 to 3.8 ppm and
a peak area B derived from N—CHj; proton of glutaric imide
around 3.0 to 3.3 ppm by the following Equation.

Im%=B/(4+B)x100

[0572] Further, herein, the “imidization rate (Im %)” rep-
resents a ratio occupied by the imidecarbonyl group in all
carbonyl groups.

[0573] The obtained imidized resin (III) of 100 parts by
mass and a triazine compound A of 0.10 parts by mass were
made into the pellet by using the monoaxial extruder.
[0574] By using the pellet, the unstretched film was
stretched vertically and horizontally and the film was pre-
pared by the same method under other conditions which were
the same as Preparative Example 1.

Triazine Compound A

OHx
Me
OH
o N7 Xy
Me Z
N
HxO HO OHx
Me

(Me represents a methyl group,
Hx represents a hexyl group)

The obtained cellulose acylate film has a thickness of 40 pm
and a width of 1480 mm Re and Rth was measured and Re was
1.0 nm and Rth was 3.0 nm. This film was used as the ther-
moplastic resin film 2.

Preparative Example 3

Manufacture of Optically Compensatory Film 3

[0575] The composition described below was introduced
into a mixing tank and stirred while heating to dissolve each
component, thereby preparing the dope.

[0576] (Cellulose Ester)

[0577] Cellulous ester having an acyl group total substitu-
tion degree of 2.75, an acetyle substitution degree of 0.19, a
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propionyl substitution degree of 2.56, and the weight average
molecular weight of 200,000 was used.

[0578] The cellulose ester was synthesized as follows.
[0579] Sulfuric acid (7.8 parts by mass based on 100 parts
by mass of cellulose) as a catalyst was added and carboxylic
acid that was a raw material of an acyl substituent was added
to perform an acylation reaction at 40° C. In this case, the
substitution degrees of the acetyl group and the propionyl
group were adjusted by adjusting the amount of carboxylic
acid. In addition, the mixture was aged after the acylation.
Further, low-molecular weight components of the cellulose
ester were washed with acetone and removed.

[0580] (Composition of Dope 3)

Cellulose ester

(the acyl group total substitution degree of 2.75,
the acetyle substitution degres o 0.19, the
propionyl substitution degree of 2.56, and the
weight average molecular weight of 200000)
Acrylic resin

(Dyer BR85S prepared by Mitsubishi Rayon Co.,

30.0 parts by mass

70.0 parts by mass

Ltd.)

Tinuvin 328 prepared by Chiba Japan 1.0 part by mass
Methylene chloride 320 parts by mass
Ethanol 45 parts by mass
[0581] A band casting device was used to evenly cast the

prepared dope on an endless band (a casting support) made of
stainless from the cast die. At the time when a residual solvent
amount in the dope becomes 40% by mass, the dope was
peeled off from the cast support as a polymer film and was
conveyed without actively stretching with the tenter, and was
dried in a drying zone at 130° C.

[0582] The obtained thickness of the film was 40 um. Fur-
ther, the acquired values of Re and Rth of the thermoplastic
resin film 3 were measured by the following method and Re
was 1.0 nm and Rth was 5.0 nm. This film was used as the
thermoplastic resin film 3.

Preparative Example 4

Thermoplastic Resin Film 4

[0583] The following composition was put into a mixing
tank and stirred while heating to dissolve each component,
thereby preparing a cellulose acetate solution (dope).

[0584] [Composition of Cellulose Acetate Solution
(Dope)]

Cellulose acetate

(acetyl substitution degree 2.86 and viscosity
average polymerization degree 310)
Triphenyl phosphate

Biphenyldiphenyl phosphate

Tinuvin 328 prepared by Chiba Japan
Tinuvin 326 prepared by Chiba Japan

100 parts by mass

8.0 parts by mass
4.0 parts by mass
1.0 part by mass

0.2 parts by mass

Methylene chloride 369 parts by mass
Methanol 80 parts by mass
1-Butanol 4 parts by mass
[0585] The obtained dope was heated at 30° C. and casted

on a mirror-surface stainless support having a diameter of 3 m
through a cast service. The surface temperature of the support
was set to =5° C. The space temperature of the entire casting
unit was set to 15° C. Moreover, right in front of 50 cm from
the end point portion of the casting unit, the cellulose ester
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film cast and coming while rotated was peeled off from the
drum, and then both edges thereof was clipped with a pin
tenter. The residual solvent amount of the cellulose ester web
right after being peeled off was 70% and the film surface
temperature of the cellulose ester web was 5° C.

[0586] The cellulose ester web maintained with the pin
tenter was conveyed to the drying zone. In the initial drying,
dry air at 45° C. was blown. Next, drying was performed for
110° C. for 5 minutes and at 140° C. for 10 minutes.

[0587] The obtained thickness of the film was 60 um. Fur-
ther, Re and Rth was measured and Re was 1.5 nm and Rth

was 40 nm. This film was used as the thermoplastic resin film
4.

Preparative Example 5

Thermoplastic Resin Film 5

[0588] In preparing the substrate film 4, the thermoplastic
resin film 5 was prepared similarly except for casting so that
the completed film thickness becomes 40 jtm. Re and Rth was
measured and Re was 1.4 nm and Rth was 31 nm.

[0589] <Thermoplastic Resin Film 6>

[0590] (1) Preparation of Cellulous Acylate Resin by Syn-
thesis

[0591] Cellulose acylate having an acetyl substitution

degree of 2.88 was prepared.

[0592] Sulfuric acid (7.8 parts by mass based on 100 parts
by mass of cellulose) as a catalyst was added and acetic acid
was added to perform an acylation reaction at 40° C.

[0593] Thereafter, by adjusting a sulfuric acid catalyst
amount, a moisture amount, and a maturation time, a total
substitution degree and a 6-th substitution degree were pre-
pared. The degree of substitution of acyl of a cellulose acylate
was determined by 1*C-NMR analysis in accordance with the
methods described in Tezuka et al., Carbohydr. Res., 273
(1995), pp. 83 to 91.

[0594] The maturation temperature was set to 40° C. Fur-
ther, low-molecular weight components of the cellulose acy-
late were washed with acetone and removed.

[0595] (2) Preparation of Dope
[0596] (Preparation of Cellulose Acylate Solution 6)
[0597] The following composition was put into the mixing

tank and stirred to dissolve each component and heated at
approximately 90° C. for 10 minutes again and thereafter,
filtered with a filter paper having an average hole diameter of
34 um and a sintered metal filter having an average hole
diameter of 10 pm.

[0598] Cellulose Acylate Solution 6

Cellulose acylate having an acety!
substitution degree of 2.88

100.0 parts by mass

Methylene chloride 451.0 parts by mass
Methanol 39.0 parts by mass
[0599] (Preparation of Matting Agent Dispersion Solution)

[0600] The following composition including the cellulous
acylate solution prepared by the method was put into the
disperser and a matting agent dispersion solution was pre-
pared.
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[0601] Matting Agent Dispersion Solution

Matting agent (aerosil R972)
Methylene chloride
Methanol

Cellulose acylate solution 6

0.2 parts by mass
72.4 parts by mass
10.8 parts by mass
10.3 parts by mass

[0602] (Preparation of Film-Forming Dope)

[0603] Thecellulous acylate solution 6 of 100 parts by mass
and the matting agent dispersion solution of which inorganic
fine particles were 0.20 parts by mass with respect to the
cellulous acylate resin were mixed and the film-forming dope
was prepared.

[0604] (3) Casting

[0605] The above-mentioned film-forming dope was cast
by using a band stretcher. Further, the band was made of SUS.
[0606] (4) Drying

[0607] The cast and obtained web (film) was peeled off
from the band and thereafter, dried in a tenter device at 100°
C. for 20 minutes by using the tenter device that conveys the
web while clipping both ends of the web with clips.

[0608] Thereafter, the web was conveyed to the drying zone
at the drying temperature of 120° C. again.

[0609] Furthermore, the drying temperature described
herein means the film surface temperature of the film.
[0610] (5) Winding

[0611] Thereafter, each film was wound after cooling up to
aroom temperature and the film 6 having a roll width of 1340
mm and a roll length of 2600 mm was obtained (film thick-
ness 40 pm, Re=1 nm, Rth=21 nm).

[0612] <Thermoplastic Resin Film 11>

[0613] Cellulous acylate film ZRD60 (prepared by Fuji
Film Co., Ltd.) which was commercially available was pro-
vided and used as the thermoplastic resin film 11. The thick-
ness of the thermoplastic resin film 11 was 60 pm.

[0614] <Thermoplastic Resin Film 12>

[0615] Cellulous acylate film ZRD40 (prepared by Fuji
Film Co., Ltd.) which was commercially available was pro-
vided and used as the thermoplastic resin film 12. The thick-
ness of the thermoplastic resin film was 41 pum.

[0616] <Thermoplastic Resin Film 13>

[0617] (1) Preparation of Cellulous Acylate Resin by Syn-
thesis

[0618] The same cellulose acylate resin as the thermoplas-

tic resin film 6 was used.

[0619] (2) Preparation Dope
[0620] (Preparation of Cellulose Acylate Solution 13)
[0621] The following composition was put into the mixing

tank and stirred to dissolve each component and heated at
approximately 90° C. for 10 minutes and thereafter, filtered
with a filter paper having an average hole diameter of 34 um
and a sintered metal filter having an average hole diameter of
10 pm.

[0622] Cellulose Acylate Solution 13

Cellulose acylate having an acetyl
substitution degree of 2.88

Following additives (polycondensation
ester of carboxyl acid and diol)
Methylene chloride

Methanol

100.0 parts by mass
15 parts by mass

451.0 parts by mass
39.0 parts by mass
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[0623] Polycondensation ester: Polycondensation ester of
adipic acid as dicarboxylic acid and ethylene glycol as diol
(adipic acid: Ethylene glycol=100:100 (mol ratio))(terminal:
Acetyle group, molecular weight 1000)

[0624] (Preparation of Matting Agent Solution)

[0625] The following composition including the cellulous
acylate solution 13 prepared by the method was put into the
disperser and the matting agent dispersion solution was pre-
pared.

[0626] Matting Agent Dispersion Solution

Matting agent (aerosil R972)
Methylene chloride
Methanol

Cellulose acylate solution 13

0.2 parts by mass
72.4 parts by mass
10.8 parts by mass
10.3 parts by mass

[0627] (Preparation of Film-Forming Dope)

[0628] The cellulous acylate solution 13 of 100 parts by
mass and the matting agent dispersion solution of which
inorganic fine particles were 0.20 parts by mass with respect
to the cellulous acylate resin were mixed and the film-forming
dope was prepared.

[0629] (3) Casting

[0630] The above-mentioned film-forming dope was cast
by using the band caster. Further, the band was made of SUS.
[0631] (4) Drying

[0632] The cast and obtained web (film) was peeled off
from the band and thereafter, dried in the tenter device at 100°
C. by using the tenter device that conveys the web while
clipping both ends of the web with clips.

[0633] Thereafter, the web was conveyedto the drying zone
at the drying temperature of 120° C. again.

[0634] Furthermore, the drying temperature described
herein means the film surface temperature of the film.
[0635] (5) Winding

[0636] Thereafter, each film was wound after cooling up to
the room temperature and the thermoplastic resin film 13
having the roll width of 1340 mm and the roll length of 2600
mm was obtained (film thickness 25 pm, Re=1 nm, Rth=0
nm).

[0637] <Thermoplastic Resin Film 14>

[0638] A norbornenes-based polymer film “ZEONOR
ZF14-060” (prepared by Optes Co., Ltd.) which was com-
mercially available was provided and used as the thermoplas-
ticresin film 14 (film thickness is 60 um, Re=2 nm, and Rth=3
nm).

[0639] <Thermoplastic Resin Film 15>
[0640] (Preparation of Cellulose Acylate)
[0641] The cellulous acylate was synthesized and a substi-

tution degree thereof was measured by the methods disclosed
Japanese Patent Application Laid-open H10-45804 and Japa-
nese Patent Application Laid-open H08-231761. In detail,
sulfuric acid (7.8 parts by mass based on 100 parts by mass of
cellulose) as a catalyst was added and carboxylic acid that
was a raw material of an acyl substituent was added to per-
form an acylation reaction at 40° C. In this case, the type and
the substitution degrees of the acyl group were adjusted by
adjusting the type and the amount of carboxylic acid. In
addition, the cellulous acylate was aged after the acylation.
Further, low-molecular weight components of the cellulose
acylate were washed with acetone and removed.
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[0642] (Preparation of Cellulose Acylate Solution for Low-
Substitution Degree Layer)

[0643] The following composition was put into the mixing
tank and stirred while heating to dissolve each component,
thereby preparing the cellulose acetate solution.

Cellulose acetate (substitution degree 2.45)
Following additives (polycondensation ester
of carboxyl acid and diol)

100.0 parts by mass
18.5 parts by mass

Methylene chloride 365.5 parts by mass
Methanol 54.6 parts by mass
[0644] (Preparation of Cellulose Acylate Solution for

High-Substitution Degree Layer)

[0645] The following composition was put into the mixing
tank and stirred while heating to dissolve each component,
thereby preparing a cellulose acetate solution.

Cellulose acetate (substitution

degree 2.79)

Following additives (polycondensation
ester of carboxyl acid and diol)

Silica fine particles R972 (prepared

100.0 parts by mass
11.3 parts by mass

0.15 parts by mass

by Nippon Aerosil)

Methylene chloride 395.0 parts by mass

Methanol 59.0 parts by mass
[0646] Polycondensation ester: Polycondensation ester of

terephthalic acid as dicarboxylic acid, ethylene glycol as dio],
and 1,2-propylene glycol (terephthalic acid: Succinic acid:
Ethylene glycol 1,2-propylene glycol=55:45:50:50 (Molar
ratio))(terminal: acetyl group, molecular weight 800)

[0647]

[0648] The cellulose acylate solution for the low-substitu-
tion degree layer and the cellulose acylate solution for the
high-substitution degree layer were cast to become a core
layer having a film thickness of 55 um and Skin A layer and
Skin B layer having a film thickness of 2 wm, respectively. The
obtained web (film) was peeled off from the band and
stretched horizontally by 10% at 140° C. when the residual
solvent amount to the total mass of the film was 20 to 5%
while being fastened with the clip by using the tenter. There-
after, the clip was removed from the film and dried at 130° C.
for 20 minutes and thereafter, stretched horizontally by 20%
at 170° C. by using the tenter again.

[0649] The weight after the dehydration was measured and
the amount of water absorbed was obtained in accordance
with the following Equation:

(Preparation of Cellulose Acylate Film)

Residual solvent amount (% by mass)={(M-N)/N}x
100

[0650] where M is a mass at any time point of the web and
N is a mass when a web with M measured was dried at 120°
C. for 2 hr.

[0651] The thermoplastic resin film 15 was obtained there-
from (film thickness 59 pm, Re=55 nm, Rth=130 nm)

[0652] <Preparation of Stacked Film of Low Moisture-Per-
meable Layer>
[0653] [Preparation of Low Moisture-Permeable Layer

Forming Composition]
[0654] The low moisture-permeable layer forming compo-
sition was prepared as described below.
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[0655] (Composition of Low Moisture-Permeable Layer
Forming Composition B-1)

A-DCP (100%): Tricyclodecane dimethanol
dimethacrylate [prepared Shin

Nakamura Chemical Co., Ltd.]

Trgacure 907 (100%): Polymerization
initiator [prepared by Chiba

Specialty Chemicals Co., Ltd.]

SP-13 004 g
Methylethylketone (MEK) 81.8 parts by mass

97.0 parts by mass

3.0 parts by mass

[0656] (Composition of Low Moisture-Permeable Layer
Forming Composition B-2)

[0657] The following respective components were mixed
and put into a glass-made separable flask attached with an
agitator and agitated at the room temperature for 5 hrs and
thereafter, filtered with a polypropylene-made depth filter
having a hole diameter of 5 um to acquire each composition.
[0658] (Preparation of Cyclic Polyolefin-Based Resin Con-
tained Layer Forming Composition)

Cyclic polyolefin-based resin 100 parts by mass

TOPAS6013 (prepared by Polyplastics Co., Ltd.)

Cyclo hexane 510 parts by mass
Cyclohexanone 57 parts by mass
[0659] Materials used are shown below.

[0660] A-DCP: Tricyclodecane dimethanol dimethacrylate
[prepared Shin Nakamura Chemical Co., Ltd.]

[0661] Irgacure 907: Polymerization initiator [prepared by
Chiba Specialty Chemicals Co., Ltd.] Leveling agent (SP-
13):

SP-13
CH;
i
Z°N
0 O—tCH, 35—¢ Cly e H
i
G
¢
0% No—tBu
Mw14000

[0662] (Preparation of Low Moisture-Permeable Layer
Stacked Film 101)

[0663] The thermoplastic resin film 1 as the substrate film
was wound in the roll shape, the low moisture-permeable
layer forming composition B-1 was used, and coated under a
condition of a conveyance speed of 30 m/min. by a die coat
method using a slot die described in Embodiment 1 of Japa-
nese Patent Application Laid-open No. 2006-122889 to be
dried at 60° C. for 150 seconds. Thereafter, again, the UV
curing condition was that UV radiation was irradiated at an
illuminance of 400 mW/cm® and a radiation dose of 60
ml/cm® by using an air-cooled metal halide lamp (manufac-
tured by Eye Graphics Co., Ltd.) of 160 W/cm while nitrogen
was being purged such that the oxygen concentration become
an atmosphere of 0.1% by volume or less. The coating
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amount was adjusted such that the film thickness of the low
moisture-permeable layer was 5 pum.

[0664] The obtained optical film was used as the low mois-
ture-permeable layer stacked film 101.

[0665] (Preparation of Low Moisture-Permeable Layer
Stacked Films 103 to 112)

[0666] In preparing the low moisture-permeable layer
stacked film 101, the optical films 103, and 107 to 112 were
prepared while the film thicknesses of the substrate film, the
low moisture-permeable layer forming composition, and the
low moisture-permeable layer were set similarly to the low
moisture layer stacked film 101 except for those described in
the table.

[0667] <Preparation of Low Moisture-Permeable Layer
Stacked Film 113>

[0668] The cyclic polyolefin-based resin container layer
forming coating composition B-2 was coated on the thermo-
plastic resin film 5 by using a gravure coater and thereafter,
dried 25° C. for 1 minute and continuously dried at 80° C. for
approximately 5 minutes to obtain the low moisture-perme-
able layer stacked film 113.

[0669] <Preparation of Low Moisture-Permeable Layer
Stacked Films 114 to 120>

[0670] In preparing the low moisture-permeable layer
stacked film 113, the optical films 114 to 120 were prepared
while the film thicknesses of the substrate film, the low mois-
ture-permeable layer forming composition, and the low mois-
ture-permeable layer were set similarly to the low moisture
layer stacked film 113 except for those described in Table 2.
[0671] [Evaluation of Thermoplastic Resin Film and Low
Moisture-Permeable Layer Stacked Film]

[0672] The film thicknesses of the prepared thermoplastic
resin film and low moisture-permeable layer stacked film
were measured to perform the following physical property
measurement and evaluation. The results are shown in the
following Table 1 and Table 2.

[0673] Further, the film thicknesses of the low moisture-
permeable layer before and after the low moisture-permeable
layer were measured and the film thickness of the low mois-
ture-permeable layer was acquired from a difference thereof.
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[0674] (1) Moisture Permeability (Moisture Permeability
at 40° C. 90% RH)

[0675] A film sample 70 mm¢ was humidity-controlled at
40° C. 90% RH for 24 hours and a moisture amount per area
(g/m?) was calculated with moisture permeability (=mass
after humidity control—mass before humidity control) by
using a moisture permeation cup according to JISZ-0208.
[0676] (2)Re, Rth

[0677] The sample film was humidity-controlled at 25° C.
60% RH for 24 hours and thereafter, the retardation was
measured in the wavelength of 590 nm from a direction
inclined by 10° pitch at +50° to -50° from a normal line of a
film surface with a vertical direction and a slow axis as a pivot
axis with respect to the film surface at 25° C. 60% RH by
using an auto refractometer (KOBRA-21ADH: prepared by
Ohji Measurement Co., 1td.) and the in-plane retardation
value (Re) and the film thickness-direction retardation value
(Rth) were calculated.

[0678] (3) Equivalent Water Content

[0679] The measured amount of water (g) measured by
Karl-Fischer’s method on a film sample 7 mmx35 mm using
a moisture meter and ample drying devices CA-03 and
VA-05, which were manufactured by Mitsubishi Chemical
Corp. was divided by the sample mass (g) to give a water
content.

Only Thermoplastic Resin Film

[0680] Thermoplastic Resin Film

TABLE 1
No. Film Thickness/um  Re/nm  Rth/nm
Thermoplastic Resin Film 1 40 0.8 1.5
Thermoplastic Resin Film 2 40 1.0 3.0
Thermoplastic Resin Film 3 40 1.0 5.0
Thermoplastic Resin Film 4 60 1.5 40.0
Thermoplastic Resin Film 5 40 14 31.0
Thermoplastic Resin Film 6 40 1 21
Thermoplastic Resin Film 11 60 20 -2.0
Thermoplastic Resin Film 12 41 1.0 -1.0
Thermoplastic Resin Film 13 25 1.0 0.0
Thermoplastic Resin Film 14 60 20 3.0
Thermoplastic Resin Film 15 59 55 130

TABLE 2
Entirety of Low
Only Low Moisture-Permeable

Moisture-Permeable

Layer Stacked Film

Moisture Layer Total Moisture
Film Permea-  Low Moisture- Film Film Permea-
Thermoplastic Resin Film Thickness bility Permeable Thickness Thickness bility
No. No. pum g/m?/day Layer No. pm pum o/m?/day
Low Moisture Permeability Layer Thermoplastic Resin Film 1 40 100 B-1 5 45 72
Stacked Film 101
Low Moisture Permeability Layer Thermoplastic Resin Film 2 40 75 B-1 5 45 59
Stacked Film 103
Low Moisture Permeability Layer Thermoplastic Resin Film 3 40 400 B-1 5 45 160
Stacked Film 107
Low Moisture Permeability Layer Thermoplastic Resin Film 4 60 533 B-1 5 65 178
Stacked Film 108
Low Moisture Permeability Layer Thermoplastic Resin Film 5 40 800 B-1 5 45 200
Stacked Film 109
Low Moisture Permeability Layer Thermoplastic Resin Film 5 40 800 B-1 7 47 148
Stacked Film 111
Low Moisture Permeability Layer Thermoplastic Resin Film 5 40 800 B-1 14 54 87

Stacked Film 112
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TABLE 2-continued

Entirety of Low

Only Low Moisture-Permeable
Only Thermoplastic Resin Film Moisture-Permeable Layer Stacked Film
Moisture Layer Total Moisture
Film Permea-  Low Moisture- Film Film Permea-
Thermoplastic Resin Film Thickness bility Permeable  Thickness Thickness bility
No. No. pm g/m?/day Layer No. pm pm o/m?/day
Low Moisture Permeability Layer Thermoplastic Resin Film 3 40 800 B-2 2 42 67
Stacked Film 113
Low Moisture Permeability Layer Thermoplastic Resin Film 3 40 800 B-2 3 43 56
Stacked Film 114
Low Moisture Permeability Layer Thermoplastic Resin Film 3 40 800 B-2 4 44 49
Stacked Film 115
Low Moisture Permeability Layer Thermoplastic Resin Film 3 40 800 B-2 6 46 35
Stacked Film 116
Low Moisture Permeability Layer Thermoplastic Resin Film 3 40 800 B-2 7 47 30
Stacked Film 117
Low Moisture Permeability Layer Thermoplastic Resin Film 3 40 800 B-2 11 51 16
Stacked Film 118
Low Moisture Permeability Layer Thermoplastic Resin Film 3 40 800 B-2 135 35 11
Stacked Film 119
Low Moisture Permeability Layer Thermoplastic Resin Film 5 40 800 B-2 16 36 10

Stacked Film 120

[0681] <Manufacturing of Polarizing Plate>
[0682] 1) Saponification of Film
[0683] Commercially available cellulose acylate films

(Fuji Tack TD60, Fuji Tack TD40 prepared by Fuji Film
Corporation)and thermoplastic resin films 3 to 13,and 15 and
functional stacked films 107 to 120 were immersed ina 1.5
mol/l, NaOH aqueous solution (saponification liquid) which
was temperature-controlled at 55° C. for 2 minutes, and then
immersed in a 0.05 mol/LL sulfuric acid aqueous solution at
25° C. for 30 sec, and again passed through a washing bath
under water flow for 30 sec to make the film be in a neutral
state. And then, water removal was repeatedly performed
three times with an air knife and dried in a drying zone at 70°
C. for a retention time of 15 sec to prepare a saponified film.
[0684] 2) Preparation of Polarizer

[0685] A 20 um thick polarizer was prepared by adsorbing
iodine onto a stretched polyvinyl alcohol film in accordance
with Example 1 of Japanese Patent Application Laid-Open
No. 2001-141926.

[0686] 3) Bonding
[0687] (Manufacturing of Polarizing Plate)
[0688] A surface on which the low moisture-permeable

layer of the prepared low moisture-permeable layer stacked
films 101 and 103 were not stacked was bonded to a corona-
processed surface on which the low moisture-permeable
layer of the prepared low moisture-permeable layer stacked
films 101 and 103 were not stacked by using an acryl adhesive
with respect to one surface of the polarizer in which nothing
was bonded to both surfaces which were manufactured.
[0689] A surface on which the low moisture-permeable
layer of the prepared low moisture-permeable layer stacked
film 117 was stacked was bonded to a corona-processed sur-
face on which the low moisture-permeable layer of the low
moisture-permeable layer stacked film 117 was stacked by
using the acryl adhesive with respect to one surface of the
polarizer in which nothing was bonded to both surfaces which
were manufactured.

[0690] The commercially available saponified cellulose
acylate films TD 60 and TD40, the thermoplastic resin film 6,

and the low moisture-permeable layer stacked films 107 to
109, and 111 to 120 were attached to one side of the polarizer
in which nothing was bonded to the manufactured both sur-
faces by using a polyvinyl alcoholic adhesive and bonded
after being dried at 70° C. for 10 minutes or more.

[0691] The prepared thermoplastic resin films 1 and 14
were corona-processed and bonded to the other side surface
of a polarizer in which a substrate side of the film was bonded
to one manufactured side surface by using the acryl adhesive
to manufacture polarizing plates 253 and 254.

[0692] The saponified thermoplastic resin films 11 to 13,
and 15 were attached to the other side of the manufactured
polarizer by using the polyvinyl alcoholic adhesive, and
bonded after being dried at 70° C. for 10 minutes or more to
manufacture polarizing plates 201 to 215, 251 and 252, 271
and 272, and 291 and 292.

[0693] The saponified thermoplastic resin film 12 was
attached to the other side surface of the polarizer in which the
low moisture-permeable layer was bonded to one manufac-
tured side surface by using the polyvinyl alcoholic adhesive
and dried at 70° C. for 10 minutes or more to manufacture
polarizing plate 220.

[0694] At this time, the films were disposed such that the
longitudinal direction of the roll of the fabricated polarizer
was in parallel with the longitudinal direction of the thermo-
plastic resin film and the low moisture-permeable layer
stacked film. Further, the films were disposed such that the
longitudinal direction of the roll of the polarizer was parallel
with the longitudinal direction of the roll of the cellulose
acylate films TD60 and TD40.

[0695] With respect to the obtained polarizing plate, which
side of the polarizing plate protective films bonded to both
surfaces of the polarizer was set to the polarizing plate pro-
tective films F1 and F4 opposite to the liquid crystal cell with
respect to the polarizer and which side was set to the polar-
izing plate protective films F2 and F3 at the liquid crystal cell
side with respect to the polarizer were determined.
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[0696] [Evaluation of Polarizing Plate]

[0697] The film thickness of the manufactured polarizing
plate was measured and the following physical property mea-
surement and evaluation were performed. The measurement
and evaluation results are shown in the following Table 3 and
Table 4.

[0698] 4) Difference in Water Content after Drying Condi-
tion Time Flapses Just after Thermo and after Thermo
[0699] (Sample Provision)

[0700] The obtained polarizing plate was humidity-con-
trolled at 25 C 60% RH for 7 days and thereafter, a sample of
50 mmxS50 mm was cut and the obtained polarizing plate was
attached to the glass plate one by one with the adhesive
interposed so that the polarizing plate protective films F2 and
F3 becomes a glass plate side. As the glass plate, a glass plate
having a thickness of 1.1 mm, which was manufactured by
Corning Corporation, was used. In this state, the polarizing
plate was humidity-controlled for 7 days again.

[0701] (Measurement of Water Content Difference 1)
[0702] Thereafter, just after a time elapsed while the polar-
izing plate bonded to the glass plate was put under the fol-
lowing condition (A), a polarizing plate sample of 10 mmx10
mm from the center was peeled off and cut from glass to
perform the water content measurement.

[0703] Further, just after a time elapsed while the polariz-
ing plate bonded to the glass plate was put under the following
condition (B), the polarizing plate sample of 10 mmx10 mm
from the center was peeled off and cut from glass to perform
the water content measurenient.

[0704] A difference between the water content of the polar-
izing plate just after the condition (A) and the water content of
the polarizing plate just after the condition (B) was calculated
as the water content difference.

[0705] Condition (A): Left alone for 48 hours under an
environment of 60° C. and the relative humidity of 90%1
[0706] Condition (B): Left alone for 6 hours under an envi-
ronment of 25° C. and the relative humidity of 10% after
being left alone for 48 hours under an environment of 60° C.
and the relative humidity of 90%1

{Water content differenceO=(water content just after
condition(4))-(water content just after condition

)
[0707] The measured amount of water (g) measured by
Karl-Fischer’s method on the sample 10 mmx10 mm using
the moisture meter and sample drying devices CA-03 and
VA-05, which were manufactured by Mitsubishi Chemical
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Corp. was divided by the sample mass (g) within 10 minutes
after extracting the polarizing plate just after thermo in the
environment at 25° C. 60% RH under the condition (A) and
10 minutes after being left alone for 6 hours in the environ-
ment at 25° C. 10% RH under the condition (B) to give the
water content.

[0708] Herein, since the water content varies as the time
elapses; the sample was put into Karl-Fischer’s sample bottle
and sealed within 3 minutes after cutting.

[0709] (Measurement of Water Content Difference 2)
[0710] As a more strict evaluation test, just after a time
elapsed while the polarizing plate bonded to the glass plate
was put under the following condition (C), the polarizing
plate sample of 10 mmx 10 mm from the center was peeled off
and cut from glass to perform the water content measurement.
[0711] Further, just after a time elapsed while the polariz-
ing plate bonded to the glass plate was put under the following
condition (D), the polarizing plate sample of 10 mmx10 mm
from the center was peeled off and cut from glass to perform
the water content measurement.

[0712] A difference between the water content of the polar-
izing plate just after the condition (C) and the water content of
the polarizing plate just after the condition (D) was calculated
as the water content difference.

[0713] Condition (C): Left alone for 120 hours under an
environment of 60° C. and the relative humidity of 90%1
[0714] Condition (D): Left alone for 6 hours under an envi-
ronment of 25° C. and the relative humidity of 10% after
being left alone for 120 hours under an environment of 60° C.
and the relative humidity of 90%1

(Water content difference0=(water content just after

condition (C))-(water content just after condition

D)
[0715] The measured amount of water (g) measured by
Karl-Fischer’s method on the sample 10 mmx10 mm using
the moisture meter and sample drying devices CA-03 and
VA-05, which were manufactured by Mitsubishi Chemical
Corp. was divided by the sample mass (g) within 10 minutes
after extracting the polarizing plate just after thermo in the
environment at 25° C. 60% RHunder the condition (C) and 10
minutes after being left alone for 6 hours in the environment
at 25° C. 10% RH under the condition (D) to give the water
content.
[0716] Herein, since the water content varies as the time
elapses, the sample was put into Karl-Fischer’s sample bottle
and sealed within 3 minutes after cutting.

TABLE 3
Water Content ~ Water Content
Difference Difference
Polarizing Plate Polarizing Plate after Leaving  after Leaving

Polarizing Plate No. Protective Film F1, F4 Side

Protective Film F2, F3 Side Alone 48 H/%  Alone 120 H/%

Polarizing Plate 201 Low Moisture-Permeable Layer Stacked Film 101  Thermoplastic Resin Film 12 2.7 2.7
Polarizing Plate 202 Low Moisture-Permeable Layer Stacked Film 103 Thermoplastic Resin Film 12 13 2.0
Polarizing Plate 203 Low Moisture-Permeable Layer Stacked Film 107 Thermoplastic Resin Film 12 23 2.5
Polarizing Plate 204 Low Moisture-Permeable Layer Stacked Film 108 Thermoplastic Resin Film 12 2.5 2.7
Polarizing Plate 205 Low Moisture-Permeable Layer Stacked Film 109 Thermoplastic Resin Film 12 29 3.0
Polarizing Plate 206 Low Moisture-Permeable Layer Stacked Film 111 Thermoplastic Resin Film 12 2.5 2.9
Polarizing Plate 207 Low Moisture-Permeable Layer Stacked Film 112 Thermoplastic Resin Film 12 1.5 2.3
Polarizing Plate 208 Low Moisture-Permeable Layer Stacked Film 113 Thermoplastic Resin Film 12 1.1 2.1
Polarizing Plate 209 Low Moisture-Permeable Layer Stacked Film 114 Thermoplastic Resin Film 12 1 1.9
Polarizing Plate 210 Low Moisture-Permeable Layer Stacked Film 115 Thermoplastic Resin Film 12 1 1.8

Polarizing Plate 211 Low Moisture-Permeable Layer Stacked Film 116 Thermoplastic Resin Film 12 1 1.2
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TABLE 3-continued

Polarizing Plate
Polarizing Plate No.  Protective Film F1, F4 Side

Polarizing Plate
Protective Film F2, F3 Side

Water Content Water Content
Difference Difference
after Leaving  after Leaving

Alone 48 H/% Alone 120 H/%

Polarizing Plate 212 Low Moisture-Permeable Layer Stacked Film 117 Thermoplastic Resin Film 12 0.9 1.8
Polarizing Plate 213 Low Moisture-Permeable Layer Stacked Film 118 Thermoplastic Resin Film 12 0.9 1.8
Polarizing Plate 214 Low Moisture-Permeable Layer Stacked Film 119 Thermoplastic Resin Film 12 0.8 1.5
Polarizing Plate 215 Low Moisture-Permeable Layer Stacked Film 120 Thermoplastic Resin Film 12 0.8 1.5
Polarizing Plate 251 Low Moisture-Permeable Layer Stacked Film 113 Thermoplastic Resin Film 11 1.2 2.3
Polarizing Plate 252 Low Moisture-Permeable Layer Stacked Film 113  Thermoplastic Resin Film 13 1 1.9
Polarizing Plate 253 Low Moisture-Permeable Layer Stacked Film 113  Thermoplastic Resin Film 14 1 1.8
Polarizing Plate 254 Low Moisture-Permeable Layer Stacked Film 113 Thermoplastic Resin Film 1 1.1 2.1
Polarizing Plate 271 Low Moisture-Permeable Layer Stacked Film 101  Thermoplastic Resin Film 15 1.4 2.6
Polarizing Plate 272 Low Moisture-Permeable Layer Stacked Film 113  Thermoplastic Resin Film 15 1.2 2.1
Polarizing Plate 291 Thermoplastic Resin Film 6 Thermoplastic Resin Film 12 3.7 3.7
Polarizing Plate 292 Thermoplastic Resin Film 6 Thermoplastic Resin Film 15 3.7 3.7
Polarizing Plate 220 Low Moisture-Permeable Layer Stacked Film 117 Thermoplastic Resin Film 12 1.2 2.1
TABLE 4 [0724] Thus, liquid crystal displays 522 to 524 were
obtained.
Polarizing Plate  Polarizing Plate [0725] The display characteristics were excellent.
Protective Film  Protective Tilm .
Polarizing Plate No. ~ F1,F4Side  F2, F3 Side [0726] [Warp Unevenness Evaluation]
[0727] Theliquid crystal displays thus fabricated were sub-

Polarizing Plate Al TD60O
Polarizing Plate A2 TD40
Polarizing Plate B TD40

Thermoplastic Resin Film 12
Thermoplastic Resin Film 12
Thermoplastic Resin Film 15

[0717] [Evaluation of panel 1]
[0718] <Mounting on IPS panel>
[0719] Two polarizing plates of a commercially available

IPS-type liquid crystal television (42185600 manufactured
by LG, Inc.) were peeled off, and the above-described polar-
izing plates 201 to 215, 220, 251 to 254, and 291 as a front-
side polarizing plate on the front side and the above-described
polarizing plates A1 and A2 as a rear-side polarizing plate on
the rear side were adhered with each one sheet to the front side
and the rear side through an adhesive such that the polarizing
plate protective films F2 and F3 each become the liquid
crystal cell side. The crossed Nichol was disposed such that
the absorption axis of the polarizing plate on the front side
was in the longitudinal direction (crosswise direction) and the
transmission axis of the polarizing plate on the rear side was
in the longitudinal direction (crosswise direction). The thick-
ness of glass used in the liquid crystal cell was 0.5 mm

[0720] Thus, liquid crystal displays 501 to 521 and 535
were obtained.

[0721] The display characteristics were excellent.

[0722] <Mounting on VA Panel>

[0723] Two polarizing plates of a commercially available

VA-type liquid crystal television (39E61HR manufactured by
Skyworth) were peeled off, and the above-described polariz-
ing plates 271 and 272, and 292 as a front-side polarizing
plate on the front side and the above-described polarizing
plate B as a rear-side polarizing plate on the rear side were
adhered with each one sheet to the front side and the rear side
through the adhesive such that the polarizing plate protective
films F2 and F3 each become the liquid crystal cell side. The
crossed Nichol was disposed such that the absorption axis of
the polarizing plate on the front side was in the longitudinal
direction (crosswise direction) and the transmission axis of
the polarizing plate on the rear side was in the longitudinal
direction (crosswise direction). The thickness of glass used in
the liquid crystal cell was 0.5 mm

jected to thermo treatment at 60° C. and 90% relative humid-
ity for 48 hours and then left to stand at 25° C. and 60%
relative humidity for 2 hours, then the backlights of the liquid
crystal displays were turned on, and light leakage at four
corners of the panel was evaluated by photographing a black
display screen from a screen front with a luminance measure-
ment camera “ProMetric” (manufactured by Radiant Imaging
Corporation) and based on a difference between average
luminance of the entire screen and luminance at a portion
where the light leakage was large at four corners after 5 hours
and after 10 hours after the light was turned on.

[0728] Unevenness of the IPS panel and unevenness of the
VA panel were compared with each other in the panel of the
same liquid crystal mode.

[0729] Further, instead of thermo at 60° C. 90% RH for 48
hours, the same evaluation had been performed with respect
to even thermo at 50° C. 80% RH for 72 hours, but the
evaluation results of the light leakage amount or the warp
unevenness were the same as those in thermo at 60° C. 90%
RH for 48 hours.

[0730] Evaluation Index

[0731] A: Light leakage at four corners of the panel was not
viewed (the light leakage of the panel was the same as that
before thermo was input)

[0732] B: The light leakage was slightly viewed at one or
two corners among four corners of the panel, but may be
permitted.

[0733] C: The light leakage was slight at three and four
corners of four corners of the panel, but may be permitted.
[0734] D: The light leakage was large at four corners of the
panel, and as a result, the light leakage may not be permitted.
[0735] The IPS panel and the VA panel were different from
each other in method in which unevenness was viewed
depending on the panel and the VA panel was larger than the
IPS panel in terms of an area of a light leakage region at four
corners of the panel in addition to the indexes, and as a result,
“~”is attached to the evaluation indexes. For example, B- is
worse than B, but better than C.

[0736] The polarizing plate used in the liquid crystal dis-
play and the results are shown in Table 5.
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TABLE §
48-HR 120-HR
Thermo Thermo
Front-side (Visual-side) Rear-side (Non-visual-side) Warp Warp
Liquid Crystal Display No. Polarizing Plate Polarizing Plate panel Unevenness Unevenness
Example
Liquid Crystal Display501  Polarizing Plate 201 Polarizing Plate A2 PS B B
Liquid Crystal Display502  Polarizing Plate 202 Polarizing Plate A2 PS A A
Liquid Crystal Display303  Polarizing Plate 203 Polarizing Plate A2 PS C C
Liquid Crystal Display304  Polarizing Plate 204  Polarizing Plate A2 PS C C
Liquid Crystal Display505  Polarizing Plate 205 Polarizing Plate A2 1PS C C
Liquid Crystal Display306  Polarizing Plate 206 Polarizing Plate A2 1PS C B
Liquid Crystal Display307  Polarizing Plate 207 Polarizing Plate A2 1PS B B
Liquid Crystal Display308  Polarizing Plate 208 Polarizing Plate A2 1PS B B
Liquid Crystal Display509  Polarizing Plate 209  Polarizing Plate A2 Ps A A
Liquid Crystal Display510  Polarizing Plate 210 Polarizing Plate A2 PS A A
Liquid Crystal Display511  Polarizing Plate 211 Polarizing Plate A2 PS B A
Liquid Crystal Display512  Polarizing Plate 212 Polarizing Plate A2 1PS B B
Liquid Crystal Display513  Polarizing Plate 213 Polarizing Plate A2 1PS B B
Liquid Crystal Display314  Polarizing Plate 214~ Polarizing Plate A2 1PS B B
Liquid Crystal Display515  Polarizing Plate 215 Polarizing Plate A2 1PS B B
Liquid Crystal Display316  Polarizing Plate 251 Polarizing Plate A2 1PS B B
Liquid Crystal Display517  Polarizing Plate 252 Polarizing Plate A2 Ps B B
Liquid Crystal Display518  Polarizing Plate 253 Polarizing Plate A2 PS A A
Liquid Crystal Display519  Polarizing Plate 254  Polarizing Plate A2 PS B B
Liquid Crystal Display320  Polarizing Plate 208  Polarizing Plate Al PS B B
Comparative Example
Liquid Crystal Display321  Polarizing Plate 291 Polarizing Plate A2 PS D D
Example
Liquid Crystal Display322  Polarizing Plate 271 Polarizing Plate B VA B- B-
Liquid Crystal Display523  Polarizing Plate 272 Polarizing Plate B VA B- B-
Comparative Example
Liquid Crystal Display324  Polarizing Plate 292 Polarizing Plate B VA D D
Example
Liquid Crystal Display335  Polarizing Plate 220 Polarizing Plate A2 1PS A A

[0737] Further, in liquid crystal displays 516 to 519, the
polarizing plate protective film F2 and the polarizing plate
protective film F3 were different films, but the results of the
test using the film of the present invention and the test using
the commercially available cellulose acylate film TD60 were
the same as each other.

[0738] In the liquid crystal display 535, even in the liquid
crystal display using as the front-side (visual-side) polarizing
plate the polarizing plate bonded with the polarizer so that the
low moisture-permeable layer of the polarizing plate protec-
tive film F1 becomes the polarizer side, it can be seen that the
effect of the present invention may be acquired.

[0739] (Evaluation 2 of Panel)
[0740] <Mounting on IPS Panel>
[0741] Two polarizing plates of a commercially available

IPS-type liquid crystal television (42185600 manufactured
by LG, Inc.) were peeled off, and the polarizing plates 206 to
209, 212 to 214, 220, and 291 were adhered with each one
sheet to the front side (visual side) and the rear side (non-
visual side) through an adhesive such that the polarizing plate
protective film sides F2 and F3 become liquid crystal cell
sides, respectively. The crossed Nichol was disposed so that
the absorption axis of the polarizing plate on the front side
was in the longitudinal direction (crosswise direction) and the
transmission axis of the polarizing plate on the rear side was

in the longitudinal direction (crosswise direction). The thick-
ness of glass used in the liquid crystal cell was 0.5 mm
[0742] Thus, liquid crystal displays 601 to 620, 622, and
624 were obtained.

[0743] <Mounting on VA Panel>

[0744] Two polarizing plates of a commercially available
VA-type liquid crystal television (39E61HR manufactured by
Skyworth) were peeled off, and the polarizing plates 272 and
292 were adhered with each one sheet to the front side (view-
ing side) and the rear side (non-viewing side) through an
adhesive such that the polarizing plate protective film sides F2
and F3 become liquid crystal cell sides, respectively. The
crossed Nichol was disposed such that the absorption axis of
the polarizing plate on the front side was in the longitudinal
direction (crosswise direction) and the transmission axis of
the polarizing plate on the rear side was in the longitudinal
direction (crosswise direction). The thickness of glass used in
the liquid crystal cell was 0.5 mm

[0745] Thus, liquid crystal displays 621 and 623 were
obtained.

[0746] [Evaluation of Warp Unevenness]

[0747] The warp unevenness was evaluated by the same

method described above.
[0748] The polarizing plates used in the liquid crystal dis-
play and results are shown in Table 6.
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TABLE 6

Polarizing Plate Polarizing Plate 48-HR Thermo 120-HR Thermo

on Front on Rear Warp Circular Warp Circular
Liquid Crystal Display No.  Side (Visual Side)  Side (Non-visual Side) Panel Unevenness Unevenness Unevenness Unevenness
Example
Liquid Crystal Display 601  Polarizing Plate 214 Polarizing Plate 214 IPS A A A A
Liquid Crystal Display 602  Polarizing Plate 214 Polarizing Plate 213 IPS A A A A
Liquid Crystal Display 603  Polarizing Plate 213 Polarizing Plate 213 1PS A A A A
Liquid Crystal Display 604 Polarizing Plate 208 Polarizing Plate 206 IPS A C B C
Liquid Crystal Display 603  Polarizing Plate 208 Polarizing Plate 207 IPS B C B C
Liquid Crystal Display 606 Polarizing Plate 208 Polarizing Plate 208 IPS B B B B
Liquid Crystal Display 607  Polarizing Plate 208 Polarizing Plate 209 IPS C B B B
Liquid Crystal Display 608  Polarizing Plate 209 Polarizing Plate 206 IPS B C A C
Liquid Crystal Display 609  Polarizing Plate 209 Polarizing Plate 207 IPS B C A C
Liquid Crystal Display 610  Polarizing Plate 209 Polarizing Plate 208 IPS B B A B
Liquid Crystal Display 611  Polarizing Plate 209 Polarizing Plate 209 IPS B B B B
Liquid Crystal Display 612  Polarizing Plate 212 Polarizing Plate 206 IPS B C B C
Liquid Crystal Display 613  Polarizing Plate 212 Polarizing Plate 207 IPS A C B C
Liquid Crystal Display 614  Polarizing Plate 212 Polarizing Plate 208 IPS A B B B
Liquid Crystal Display 615  Polarizing Plate 212 Polarizing Plate 209 IPS A B B B
Liquid Crystal Display 616  Polarizing Plate 213 Polarizing Plate 207 IPS B C B C
Liquid Crystal Display 617  Polarizing Plate 213 Polarizing Plate 208 IPS B B B B
Liquid Crystal Display 618 Polarizing Plate 213 Polarizing Plate 209 IPS B B B B
Liquid Crystal Display 619  Polarizing Plate 209 Polarizing Plate 214 IPS B A B A
Liquid Crystal Display 620  Polarizing Plate 212 Polarizing Plate 212 IPS A A A A
Liquid Crystal Display 621  Polarizing Plate 272 Polarizing Plate 272 VA B- B B- B
Comparative Example
Liquid Crystal Display 622  Polarizing Plate 291 Polarizing Plate 291 IPS D D D D
Liquid Crystal Display 623  Polarizing Plate 292 Polarizing Plate 292 VA D D D D
Example
Liquid Crystal Display 624  Polarizing Plate 220 Polarizing Plate 220 IPS A A A A
[0749] Here, when a polarizing plate having a small differ- [0756] D: The circular light leakage was shown on the

ence in the percentage of water content between just after
thermo and after a dry condition time elapses after thermo
was set to the polarizing plate on the front side and the
polarizing plate protective film F1 was disposed and used at
the viewing side rather than the polarizer, it was seen that light
leakage of the panel was decreased.

[0750] Further, when a polarizing plate having a small dif-
ference in the percentage of water content between just after
thermo and after a dry condition time elapses after thermo
was set to the polarizing plates on the front side and the rear
side, the polarizing plate protective film F1 was disposed and
used at the viewing side rather than the polarizer, and the
polarizing plate protective film F4 was disposed and used at
the rear side rather than the polarizer, it was seen that light
leakage of the panel was further decreased.

[0751] [Evaluation of Circular Unevenness of Liquid Crys-
tal Display]
[0752]  After the liquid crystal panel mounted with the pre-

pared polarizing plate was lighted on under an environment of
60° C. and relative humidity of 90% for 48 hours or 120 hours,
and thereafter, under an environment of 25° C. and relative
humidity of 60% for 48 hours, the unevenness was observed
from the panel front side. A to C are available levels.

[0753]  A: There was no circular light leakage generated on
the panel.
[0754] B: The circular light leakage was shown on the

panel, but the light leakage was very weak.

[0755] C: The circular light leakage was shown on the
panel, but the boundary was unclear and thus the light leakage
was not viewed.

panel and the boundary was clear, and thus a light leakage
portion and a non-light leakage portion may be clearly
viewed.

[0757] In the liquid crystal display 624, even in the liquid
crystal display in which the polarizing plates attached with
the polarizers were used as the front side (viewing side) and
the polarizing plates on the rear side (non-viewing side) so
that low permeable layers of the polarizing plate protective
films F1 and F4 were polarizer sides, it could be seen that the
effects of the present invention were obtained.

[0758] <Thermoplastic Resin Film 21>
[0759] <Synthesis of Raw Material Resin>
[0760] Polyethylene terephthalate was synthesized by a

general method. This was used as polyester A.

[0761] <Preparation of Polyester Film>

[0762] A chip material of polyester A was dried at the
percentage of water content of 50 ppm or less in a Henschel
mixer and a paddle dryer, an ultraviolet absorber (the follow-
ing compound (1)) was put into the raw material polyester A
in a chip form, and then blended with the chip of polyester A
again. With respect to the entire polyester, the ultraviolet
absorber was adjusted to be an amount of 0.4% by mass. The
chip material was dried at the water content of 50 ppm or less
in a Henschel mixer and a paddle dryer, and then, melt in an
extruder by setting a heater temperature of 280° C. to 300° C.
The melt polyester was ejected on a chiller roll static-applied
from a die part to obtain an amorphous base. The amorphous
base was extended in a TD direction by adjusting a magnifi-
cation in a range of 3.0 to 5.0 times to obtain a polyester film
of 100 pm. The weeping of the ultraviolet absorber of the
obtained polyester film was not observed. The film was set as
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a thermoplastic resin film 21. A ground axis direction of the
film was a vertical direction of the film length direction in a
range of £5°. A MD modulus and a TD modulus of the film
were 2900 MPa and 7100 MPa, respectively.

Compound (1)

HO N—N

N
=\
N
./
N

CgHy7

CsHiz
[0763] <Thermoplastic Resin Film 22>
[0764] In the thermoplastic resin film 21, except that the

extending magnification was changed, the same conditions
were set to obtain a polyester film of 100 um. The film was set
as a thermoplastic resin film 22. A ground axis direction of the
film was a vertical direction of the film length direction in a
range of £5°.

[0765] <Thermoplastic Resin Films 23 to 25>

[0766] In the thermoplastic resin film 21, except that the
extending method was a biaxial extending and the extending
magnification was changed, the same conditions were set to
obtain a polyester film of 100 um. The film was set as ther-
moplastic resin films 23 to 25. A ground axis direction of the
film was a vertical direction of the film length direction in a
range of £5°.

[0767] <Thermoplastic Resin Film 26>

[0768] In the thermoplastic resin film 21, except that the
extending magnification was changed, the same conditions
were set to obtain a polyester film of 50 um. The film was set
as a thermoplastic resin film 26. A ground axis direction of the
film was a vertical direction of the film length direction in a
range of £5°.

[0769] <Hardcoat Layer Laminating Film 21>

[0770] (Preparation of Coating Solution for Hardcoat
Layer)

[0771] The following composition was put into a mixing

tank and stirred to prepare a coating solution for a hardcoat
layer.

[0772] Trimethylolpropane triacrylate (TMPTA, manufac-
tured from Nippon Kayaku Co., Ltd.) of 750.0 parts by mass,
the weight average molecular weight 15,000 Poly (glycidyl
methacrylate) of 270.0 parts by mass, methyl ethyl ketone of
730.0 parts by mass, cyclohexanone of 500.0 parts by mass, a
photopolymerization initiator (Irgacure 184, manufactured
from Nippon Ciba-Geigy Co., Ltd.) of 50.0 parts by mass
were added and stirred. The mixture was filtered through a
polypropylene-made filter having a pore size of 0.4 pm to
prepare Coating Solution 1 for a hardcoat layer.

[0773] [Manufacture of Hardcoat Layer]

[0774] The Coating Solution 1 for a hardcoat layer was
coated on the prepared thermoplastic resin film 21 by a Gra-

Jul. 30, 2015

vure coater. The solution was dried at 100° C., and then the
coated layer was cured through irradiation with an ultraviolet
ray at illuminance of 400 mW/em? and an irradiation dose of
300 mJ/cm? by using an air-cooled metal halide lamp (manu-
factured by Eye Graphics Co., Ltd.) of 160 W/cm while
purging the system with nitrogen to give an atmosphere hav-
ing an oxygen concentration of 1.0 vol % or less, thereby
forming a hardcoated layer having a thickness of 8 um. The
film was set as a hardcoated layer laminated film 21.

[0775] <Hardcoat Layer Laminated Films 22 to 26>
[0776] In the hardcoat layer laminated film 21, except that
the thermoplastic resin films 22 to 26 were used instead of the
thermoplastic resin film 21, the same conditions were set to
prepare the hardcoat layer laminated films 22 to 26.

[0777] [Evaluation of Thermoplastic Resin Films and
Hardcoat Layer Laminated Films]

[0778] With respect to the prepared thermoplastic resin
films and hardcoat layer laminated films, like the thermoplas-
tic resin film 1, film thicknesses and physical properties were
measured. The results are shown in the following Table 7.
[0779] Here, an Nz value was obtained from a measured
result obtained from an automatic double refractometer (KO-
BRA-21 ADH, manufactured by Oji Instrumentation Co.,
Ltd.).

TABLE 7
Perme-
Film ability/
Thick- g/’ -
No. ness/um  Re/nm  Rth/nm Nz day

Thermoplastic Resin Film 21 100 13000 12000 14 12
Thermoplastic Resin Film 22 100 13000 9000 1.2 15
Thermoplastic Resin Film 23 100 13000 18000 1.9 11
Thermoplastic Resin Film 24 100 5000 7000 1.9 13
Thermoplastic Resin Film 25 100 18000 23000 1.8 10

Thermoplastic Resin Film 26 50 5500 5000 14 30
Hardcoat Layer Laminated 108 13000 12000 14 12
Film 21

Hardcoat Layer Laminated 108 13000 9000 1.2 14
Film 22

Hardcoat Layer Laminated 108 13000 18000 1.9 11
Film 23

Hardcoat Layer Laminated 108 5000 7000 1.9 13
Film 24

Hardcoat Layer Laminated 108 18000 23000 1.8 10
Film 25

Hardcoat Layer Laminated 58 6000 6000 1.5 29
Film 26

[0780] (Preparation of Polarizing Plate)

[0781] 1) Preparation of Polarizer

[0782] A polarizer having a thickness 20 um was prepared

by absorbing iodine on an extended polyvinyl alcohol film in
accordance with Example 1 of Japanese Patent Application
Laid-Open No. 2001-141926.

[0783] 2) Adhesion
[0784] (Preparation of Polarizing Plate)
[0785] On one polarizing surface of the prepared polarizer,

the thermoplastic resin films 21 to 26 were attached by using
an acryl adhesive after performing a corona treatment on an
attachment surface, and subsequently, on the other polarizing
surface of the prepared polarizer, equally, the thermoplastic
resin films 1, 2, and 14 were attached after performing a
corona treatment on an attachment surface so as to have
combinations of Table 8 to prepare polarizing plates 701 to
708.
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[0786] Further, on one polarizing surface of the prepared
polarizer, the hardcoat layer laminated films 21 to 26 were
attached by using an acryl adhesive after performing a corona
treatment on a surface on which the hardcoat layer was not
laminated, and subsequently, on the other polarizing surface
of the prepared polarizer, equally, the thermoplastic resin
films 1, 2, and 14 were attached after performing a corona
treatment on an attachment surface so as to have combina-
tions of Table 8 to prepare polarizing plates 709 to 716.
[0787] The polarizing plates 701 to 716 were prepared in
this manner. At this time, the films were disposed such that the
longitudinal direction of the roll of the prepared polarizer was
in parallel with the longitudinal directions of the thermoplas-
tic resin films and the hardcoat layer laminated films.

[0788] With respect to the obtained polarizing films, it was
determined that any one of the polarizing plate protective
films attached on both sides of the polarizer was set as the
polarizing plate protective films F1 and F4 at the opposite side
to the liquid crystal cell, and the other one was set as the
polarizing plate protective films F2 and F3 of the liquid crys-
tal cell.

[0789] [Evaluation of Polarizing Plate]

[0790] With respect to the prepared polarizing plate, physi-
cal properties were measured and evaluated in the same man-
ner. The configurations and evaluation results of the polariz-
ing plates are shown in the following Table 8.

TABLE 8
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ness while white was displayed was measured by the follow-
ing method and interference pattern type unevenness of a
light leakage portion while black was displayed was evalu-
ated.

[0794] [Evaluation of Interference Pattern Type Uneven-
ness in White Display]

[0795] The interference pattern type unevenness of the lig-
uid crystal display manufactured as above in white display
was evaluated with eyes of a plurality of observers.

[0796] ~Evaluation Index~

[0797] A:Theinterference pattern type unevenness was not
almost observed.

[0798] B: The interference pattern type unevenness was
weak, but observed enough to be viewed.

[0799] C: The imterference pattern type unevenness was
observed, but was within a permitted level.

[0800] D: The interference pattern type unevenness was
distinctly observed and may not be permitted.

[0801] [Evaluation of Unevenness at Four Corners after
Thermo Test]
[0802] The liquid crystal displays 101 to 120 thus fabri-

cated were subjected to thermo treatment at 60° C. and 90%
relative humidity for 48 hours or 120 hours and then left to
stand at 25° C. and 60% relative humidity for 2 hours, thenthe
backlights of the liquid crystal displays were turned on, and

Polarizing Plate
Protective Film

Polarizing Plate
Protective Film

Difference in the Difference in the
percentage of water percentage of water
content after content after

Polarizing Plate No.  F1,F4 Side F2,F3 Side leaving 48 H/% leaving 120 H/%
Polarizing Plate 701  Thermoplastic Resin Film 21 Thermoplastic Resin Film 1 08 1.4
Polarizing Plate 702 Thermoplastic Resin Film 21 Thermoplastic Resin Film 2 08 1.4
Polarizing Plate 703 Thermoplastic Resin Film 21 Thermoplastic Resin Film 14 08 1.3
Polarizing Plate 704 Thermoplastic Resin Film 22 Thermoplastic Resin Film 1 08 1.4
Polarizing Plate 705 Thermoplastic Resin Film 23 Thermoplastic Resin Film 1 0.8 1.4
Polarizing Plate 706 Thermoplastic Resin Film 24 Thermoplastic Resin Film 1 08 1.4
Polarizing Plate 707 Thermoplastic Resin Film 25 Thermoplastic Resin Film 1 08 1.4
Polarizing Plate 708 Thermoplastic Resin Film 26 Thermoplastic Resin Film 1 09 1.5
Polarizing Plate 709 Hardcoat Layer Laminated Film 21 Thermoplastic Resin Film 1 0.8 1.4
Polarizing Plate 710 Hardcoat Layer Laminated Film 21 Thermoplastic Resin Film 2 08 1.4
Polarizing Plate 711 Hardcoat Layer Laminated Film 21 Thermoplastic Resin Film 14 0.8 1.3
Polarizing Plate 712 Hardcoat Layer Laminated Film 22 Thermoplastic Resin Film 1 0.8 1.4
Polarizing Plate 713 Hardcoat Layer Laminated Film 23 Thermoplastic Resin Film 1 0.8 1.4
Polarizing Plate 714 Hardcoat Layer Laminated Film 24 Thermoplastic Resin Film 1 0.8 1.4
Polarizing Plate 715 Hardcoat Layer Laminated Film 25 Thermoplastic Resin Film 1 0.8 1.4
Polarizing Plate 716 Hardcoat Layer Laminated Film 26 Thermoplastic Resin Film 1 09 1.5

[0791] <Mounting 1 on IPS Panel>

[0792] In a commercially available IPS-type liquid crystal
display, a liquid crystal panel was extracted, two polarizing
plates of were peeled off, and the polarizing plates 709 and
716 were adhered with each one sheet to the front side (visual
side) and the polarizing plate A2 was attached on the rear side
(non-visual side) through an adhesive so that the polarizing
plate protective film sides F2 and F3 become liquid crystal
cell sides, respectively. The crossed Nichol was disposed
such that the absorption axis of the polarizing plate on the
front side was in the longitudinal direction (crosswise direc-
tion) and the transmission axis of the polarizing plate on the
rear side was in the longitudinal direction (crosswise direc-
tion). The thickness of glass used in the liquid crystal cell was
0.5 mm. Further, as abacklight source, a white LED was used.
[0793] With respect to the prepared liquid crystal displays
801 to 808, interference pattern type (rainbow type) uneven-

light leakage and rainbow unevenness at the corner 4 of the
panel were evaluated after 5 hours and after 10 hours after the
light was turned on.

[0803] ~Evaluation Index~

[0804] A:Lightleakage at four corners of the panel was not
viewed and the interference stripe-type unevenness was not
verified (the light leakage of the panel was the same as that
before thermo was input)

[0805] B: The light leakage at four comers of the panel was
slightly viewed and the interference stripe-type unevenness
was not verified.

[0806] C: The light leakage at four corners of the panel was
slightly viewed and the interference stripe-type unevenness
was within the permitted level.

[0807] D: The light leakage was large at four corners of the
panel, and as a result, the light leakage may not be permitted
and/or the interference pattern type unevenness was distinctly
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verified, and as a result, the interference pattern type uneven-
ness may not be permitted. Further, instead of thermo at 60°
C. 90% RH for 48 hours, the same evaluation had been per-
formed with respect to even thermo at 50° C. 80% RH for 72
hours, but the evaluation results of the light leakage amount or
the warp unevenness were the same as those in thermo at 60°
C. 90% RH for 48 hours.

[0808] The interference pattern type unevenness was
shown when light incident in the polarizing plate having a
polymer film with high birefringence, in detail, Re of 500 nm
or more and less than 3000 n as the protective film in an
inclination direction from the backlight source when being

Jul. 30, 2015

protective film on the front side, the interference pattern type
unevenness was not observed at light leakage portions at four
corners observed by measuring the warp unevenness and an
impression as if the unevenness was more highlighted may be
given to the observer. Therefore, in the case of using the
polymer film having high birefringence, the warp-uneven-
ness also needs to be measured based on an influence by the
interference pattern type unevenness and the measurement
was performed as measurement of unevenness at four corners
after thermo.

[0813] The polarizing plate used in the liquid crystal dis-
play and the results are shown in Table 9.

TABLE 9

Interference Pattern  Unevenness at Four Unevenness at Four

Liquid Crystal Front-side (Visual-  Rearside (Non-visual- Type Unevenness Corners after Cormners after
Display No. side) Polarizing Plate side) Polarizing Plate ~ Panel  in White Display 48-HR Thermo 120-HR Thermo
Liquid Crystal Polarizing Plate 291 Polarizing Plate A2 IPS A D D Comparative
Display 521 (However, No (However, No Example
Interference Interference
Pattern Type) Pattern Type)
Liquid Crystal Polarizing Plate 709 Polarizing Plate A2 IPS A B B Example
Display 801
Liquid Crystal Polarizing Plate 710 Polarizing Plate A2 IPS A B B Example
Display 802
Liquid Crystal Polarizing Plate 711  Polarizing Plate A2 IPS A B B Example
Display 803
Liquid Crystal Polarizing Plate 712 Polarizing Plate A2 IPS A B B Example
Display 804
Liquid Crystal Polarizing Plate 713 Polarizing Plate A2 IPS B B B Example
Display 803
Liquid Crystal Polarizing Plate 714 Polarizing Plate A2 IPS B B B Example
Display 806
Liquid Crystal Polarizing Plate 715 Polarizing Plate A2 IPS B B B Example
Display 807
Liquid Crystal Polarizing Plate 716 Polarizing Plate A2 IPS B B B Example
Display 808
observed from the visual side and in particular, was remark- [0814] <Mounting on IPS Panel 2>
able in a liquid crystal display having a light source such as a [0815] Two polarizing plates of a commercially available

cold-cathode tube as the backlight.

[0809] Herein, when the white light source having a con-
secutive light emitting spectrum was used as the backlight
source, in the polarizing plate protective films F1 and F4, Re
is preferably 3000 to 30000 nm, more preferably 4000 to
20000 nm, even more preferably 5000 to 18000 nm, and
particularly preferably 6000 to 15000 nm

[0810] The interference pattern type unevenness may be
reduced by setting the Nz value indicating the relationship
between the Re and the Rth to an appropriate value and the Nz
value is preferably 2.0 or less, more preferably 1.0t0 2.0, and
even more preferably 1.0 to 1.5 in terms of the reduction
effect of the interference pattern type unevenness and the
manufacturing adequacy.

[0811] Since the interference pattern type unevenness
occurs by the incident light, the interference pattern type
unevenness was generally observed in the white display.

[0812] Further, in the case of using the polarizing plate
having the polymer film having high birefringence as the

IPS-type liquid crystal display were peeled off, and the
above-described polarizing plates 709 to 716 on the front side
and the above-described polarizing plates 701 to 708 on the
rear side were adhered with each one sheet to the front side
and the rear side through the adhesive such that the polarizing
plate protective films F2 and F3 were each on the liquid
crystal cell side. The crossed Nichol was disposed such that
the absorption axis of the polarizing plate on the front side
was in the longitudinal direction (crosswise direction) and the
transmission axis of the polarizing plate on the rear side was
in the longitudinal direction (crosswise direction). The thick-
ness of glass used in the liquid crystal cell was 0.5 mm.
Further, as the backlight source, a white LED was used.
[0816] Withrespect to theliquid crystal displays 901 to 908
manufactured as above, the interference pattern type uneven-
ness measurement in the white display, and the evaluation of
the unevenness at four corners after the thermo test, and the
evaluation of the circular unevenness were performed by the
following method.

[0817] The polarizing plate used in the liquid crystal dis-
play and the results are shown in Table 10.
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TABLE 10
Interference 48-HR Thermo 120-HR Thermo
Pattern Unevenness Unevenness
Type at Four at Four
Rear-side (Non- Unevenness Corners  Circular ~ Corners  Circular
Liquid Crystal Front-side (Visual-  visual-side) in White after Uneven- after Uneven-
Display No. side) Polarizing Plate Polarizing Plate Panel Display Thermo ness Thermo ness
Liquid Crystal Polarizing Plate 291 Polarizing Plate A2 PS A D D D D Comparative
Display 521 (However, (However, Example
No No

Interference Interference

Pattern Type) Pattern Type)
Liquid Crystal Polarizing Plate 709 Polarizing Plate A2 PS A B B B B Example
Display 801
Liquid Crystal Polarizing Plate 709 Polarizing Plate 701 PS A A A A A Example
Display 901
Liquid Crystal Polarizing Plate 710 Polarizing Plate 702 PS A A A A A Example
Display 902
Liquid Crystal Polarizing Plate 711 Polarizing Plate 703 PS A A A A A Example
Display 903
Liquid Crystal Polarizing Plate 712  Polarizing Plate 704 PS A A A A A Example
Display 904
Liquid Crystal Polarizing Plate 713  Polarizing Plate 705 PS B A A A A Example
Display 905
Liquid Crystal Polarizing Plate 714 Polarizing Plate 706 PS B A A A A Example
Display 906
Liquid Crystal Polarizing Plate 715 Polarizing Plate 707 PS B A A A A Example
Display 907
Liquid Crystal Polarizing Plate 716 Polarizing Plate 708 PS B A A A A Example

Display 908

[0818] The liquid crystal display of the present invention
can resolve occurrence of the warp unevenness based on
bending of the panel which occurs during turn-on after con-
servation under the high-humidity environment.
[0819] Although the present invention has been described
with reference to detailed and specific embodiments thereof,
it is obvious to those skilled in the art that various changes or
modifications may be made without departing from the spirit
and scope of the present invention.
[0820] This application is based on Japanese Patent Appli-
cation No. 2012-227510 filed on Oct. 12, 2012, Japanese
Patent Application No. 2013-21838 filed on Feb. 6, 2013, and
Japanese Patent Application No. 2013-049449 on Mar. 12,
2013, the entire contents of which are incorporated herein by
reference.
What is claimed is:
1. A liquid crystal display comprising:
a liquid crystal cell in which a liquid crystal layer is
installed between two glass substrates;
polarizing plates on both surfaces of the liquid crystal cell;
and
abacklight at a rear side of the liquid crystal cell, which is
a non-visual side,
wherein in a polarizing plate at a front side of the liquid
crystal cell, which is a visual side, a difference in a
moisture content of the polarizing plate at the front side
just after a time under a condition (A) elapses and a
moisture content of the polarizing plate at the front side
Jjustafter a time under acondition (B) elapses is 0.01% or
more and 3.0% or less, wherein
Condition (A): Left alone for 48 hours under an envi-
ronment of 60° C. and the relative humidity of 90%,
and
Condition (B): Left alone for 6 hours under an environ-
ment 0f25° C. and the relative humidity of 10% after

being left alone for 48 hours under an environment of
60° C. and the relative humidity of 90%.

2. The liquid crystal display according to claim 1,

wherein in the polarizing plate at the front side of the liquid
crystal cell, which is the visual side, a difference in a
moisture content of the polarizing plate at the front side
just after a time under a condition (C) elapses and a
moisture content of the polarizing plate at the front side
just after a time under a condition (D) elapses is 0.01%
or more and 3.0% or less, wherein

Condition (C): Left alone for 120 hours under an envi-
ronment of 60° C. and the relative humidity of 90%,
and

Condition (D): Left alone for 6 hours under an environ-
ment 0f25° C. and the relative humidity of 10% after
being left alone for 120 hours under an environment
of 60° C. and the relative humidity of 90%.

3. The liquid crystal display according to claim 1,

wherein the polarizing plate at the front side includes a
polarizing plate protective film F1 disposed on a surface
of a polarizer at the front side, and

the polarizing plate protective film F1 has a moisture per-
meability of 200 g/m*/day or less and includes a ther-
moplastic resin film and a low moisture-permeable layer
laminated on the thermoplastic resin film, provided that
the moisture permeability is a value after 24 hours elapse
under conditions of 40° C. and 90% RH, obtained by a
manner in accordance with JIS Z-0208.

4. The liquid crystal display according to claim 3,

wherein at least one low moisture-permeable layer in the
polarizing plate protective film F1 satisfies Equation (1):

A4/B=<0.9 Equation (1):
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wherein, in Equation (1), A represents a moisture perme-
ability of a film in which the at least one low moisture-
permeable layer is laminated on the thermoplastic resin
film, and

B represents a moisture permeability of the thermoplastic
resin film, provided that moisture permeability is a value
after 24 hours elapse under conditions 0f40° C. and 90%
RH, obtained by a manner in accordance with JIS
7-0208.

5. The liquid crystal display according to claim 3,

wherein a thermoplastic resin included in the thermoplastic
resin film is a (meth) acrylic resin, an olefin-based resin,
a cellulous-based resin, a polycarbonate-based resin, a
polystyrene-based resin, a polyester-based resin, and a
mixed resin of multiple kinds of resins selected there-
from.

6. The liquid crystal display according to claim 1,

wherein the polarizing plate at the front side includes a
polarizing plate protective film F1 disposed on a surface
of the polarizer at the front side, and

the polarizing plate protective film F1 satisfies Equations
(D) and (V):

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

3000 nm=Re=30000 nm Equation (V)

wherein, in Equations (I) and (V), nx is a refractive index of
the polarizing plate protective film F1 in an in-plane
slow axis direction,

ny is a refractive index of the polarizing plate protective
film F1 in an in-plane fast axis direction, and

d is a thickness of the polarizing plate protective film F1,
whose unit is nm.

7. The liquid crystal display according to claim 6,

the polarizing plate at the front side includes a polarizing
plate protective film F1 disposed on a surface of the
polarizer at the front side, and

the polarizing plate protective film F1 satisfies Equations

(V1) and (VID):

Nz=(nx-nz)/(nx-ny) Equation (VI)

Nz=2.0 Equation (VII)

wherein, in Equation (VI), nx is a refractive index of the
polarizing plate protective film F1 in an in-plane slow axis
direction,
ny is a refractive index of the polarizing plate protective
film F1 in an in-plane fast axis direction, and
nz is a refractive index of the polarizing plate protective
film F1 in a thickness direction.
8. The liquid crystal display according to claim 1,
wherein the polarizing plate protective film F1 is a polyes-
ter-based resin or a polyester-based resin.
9. The liquid crystal display according to claim 3,
wherein the polarizing plate protective film F1 has a mois-
ture permeability of 75 g/m*/day or less, provided that
the moisture permeability is a value after 24 hours elapse
under conditions of 40° C. and 90% RH, obtained by a
manner in accordance with JIS Z-0208.
10. The liquid crystal display according to claim 1,
wherein the polarizing plate at the front side includes a
polarizing plate protective film F2 disposed on a surface
of a polarizer at a liquid crystal cell side,
the polarizing plate protective film F2 is a thermoplastic
resin film, and
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a thermoplastic resin included in the thermoplastic resin
film is a (meth) acrylic resin, a polycarbonate-based
resin, a polystyrene-based resin, a cyclic polyolefin-
based resin, a glutaric anhydride-based resin, a glutarim-
ide-based resin, a cellulous-based resin, and a mixed
resin of multiple kinds of resins selected therefrom.

11. The liquid crystal display according to claim 1,

wherein in a polarizing plate installed at the rear side of the
liquid crystal cell, a difference of a moisture content of
the polarizing plate just after a time under a condition

(A) elapses and a moisture content of the polarizing

plate just after a time under a condition (B) elapses is

0.01% or more and 3.0% or less:

Condition (A): Left alone for 48 hours under an envi-
ronment of 60° C. and the relative humidity of 90%,
and

Condition (B): Left alone for 6 hours under an environ-
ment 0f25° C. and the relative humidity of 10% after
being left alone for 48 hours under an environment of
60° C. and the relative humidity of 90%.

12. The liquid crystal display according to claim 1,

wherein in a polarizing plate at the rear side of the liquid
crystal cell, a difference of a moisture content of the

polarizing plate just after a time under a condition (C)

elapses and a moisture content of the polarizing plate

just after a time under a condition (D) elapses is 0.01%

or more and 3.0% or less:

Condition (C): Left alone for 120 hours under an envi-
ronment of 60° C. and the relative humidity of 90%,
and

Condition (D): Left alone for 6 hours under an environ-
ment 0f25° C. and the relative humidity of 10% after
being left alone for 120 hours under an environment
of 60° C. and the relative humidity of 90%.

13. The liquid crystal display according to claim 11,

wherein the polarizing plate at the rear side includes a
polarizing plate protective film F4 on a surface of a
polarizer at a backlight side, and

the polarizing plate protective film F4 has a moisture per-
meability of 200 g/m*/day or less and includes a ther-
moplastic resin film and a low moisture-permeable layer
laminated on the thermoplastic resin film, provided that
the moisture permeability is a value after 24 hours elapse
under conditions of 40° C. and 90% RH, obtained by a
manner in accordance with JIS Z-0208.

14. The liquid crystal display according to claim 13,

wherein at least one low moisture-permeable layer in the

polarizing plate protective film F4 satisfies Equation (1):

A4/B=0.9 Equation (1)

wherein, in Equation (1), A represents a moisture perme-
ability of a film in which the at least one low moisture-
permeable layer is laminated on the thermoplastic resin
film, and

B represents a moisture permeability of the thermoplastic
resin film, provided that the moisture permeability is a
value after 24 hours elapse at 40° C. and a relative
humidity of 90%, obtained by a manner in accordance
with JIS Z-0208.

15. The liquid crystal display according to claim 13,

wherein a thermoplastic resin included in the thermoplastic
resin film is a (meth) acrylic resin, an olefin-based resin,
a cellulous-based resin, a polycarbonate-based resin, a
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polystyrene-based resin, a polyester-based resin, and a
mixed resin of multiple kinds of resins selected there-
from.

16. The liquid crystal display according to claim 11,

wherein the polarizing plate at the rear side includes a
polarizing plate protective film F4 disposed on a surface
of a polarizer at the rear side, and

the polarizing plate protective film F4 satisfies Equations
(D) and (V):

Re=(nx-ny)=d Equation ()

3000 nm=Re=30000 nm Equation (V)

wherein nx is a refractive index of the polarizing plate
protective film F4 in an in-plane slow axis direction,

ny is a refractive index of the polarizing plate protective
film F4 in an in-plane fast axis direction, and

d is a thickness of the polarizing plate protective film F4,
whose unit is nm.

17. The liquid crystal display according to claim 16,

wherein the polarizing plate at the rear side includes a
polarizing plate protective film F4 disposed on a surface
of a polarizer at the rear side, and

the polarizing plate protective film F4 satisfies Equations

(V1) and (VID):

Nz=(nx-nz)/(nx-ny) Equation (VI)

Nzs2.0 Equation (VII)

wherein, in Equation (VI), nx is a refractive index of the
polarizing plate protective film F4 in an in-plane slow
axis direction,
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ny is a refractive index of the polarizing plate protective
film F4 in an in-plane fast axis direction, and

nz is a refractive index of the polarizing plate protective
film F4 in a thickness direction.

18. The liquid crystal display according to claim 11,

wherein the polarizing plate protective film F4 is a polyes-
ter-based resin or a polycarbonate-based resin.

19. The liquid crystal display according to claim 13,

wherein the polarizing plate protective film F4 has a mois-
ture permeability of 75 g/m*/day or less, provided that,
the moisture permeability is a value after 24 hours elapse
under conditions of 40° C. and 90% RH, obtained by a
manner in accordance with JIS Z-0208.

20. The liquid crystal display according to claim 11,

wherein the polarizing plate at the rear side includes a
polarizing plate protective film F3 disposed on a surface
of a polarizer at a liquid crystal cell side,

the polarizing plate protective film F3 is a thermoplastic
resin film, and

a thermoplastic resin included in the thermoplastic resin
film is a (meth) acrylic resin, a polycarbonate-based
resin, a polystyrene-based resin, a cyclic polyolefin-
based resin, a glutaric anhydride-based resin, a glutarim-
ide-based resin, a cellulous-based resin, and a mixed
resin of multiple kinds of resins selected therefrom.

21. The liquid crystal display according to claim 1,

wherein the glass substrate of the liquid crystal cell has a
thickness of 0.5 mm or less.
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