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(57) ABSTRACT

The purpose of the present invention is to provide a polarizing
plate protective film and liquid crystal display device com-
prising same whereby the generation of egg-shaped blur in a
liquid crystal display device (especially an IPS liquid crystal
display device) can still be limited even under high-tempera-
ture/high-humidity conditions. For this polarizing plate pro-
tective film, if nx is the refractive index in the X -axis direction
at which the birefringence in the film surface reaches a maxi-
mum and ny is the refractive index in the Y-axis direction
orthogonal to the X-axis direction in the film surface, then the
birefringence under stress (nx-ny) of the film as measured at
awavelength of 589 nm when any tensile stress 5-35 MPa is
applied in the X-axis direction or Y-axis direction of the film
under 50 DEG C, 80% RH conditions is 0.
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POLARIZING PLATE PROTECTIVE FILM,
POLARIZING PLATE, AND LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a polarizer protec-
tive film, a polarizing plate, and a liquid crystal display
device.

BACKGROUND ART

[0002] Liquid crystal display devices have been widely
used in recent years because of their flat panels and light
weights as well as low power consumption. The liquid crystal
display device typically has a liquid crystal cell and first and
second polarizing plates between which the liquid crystal cell
is sandwiched. The first polarizing plate has a first polarizer
and a pair of polarizer protective films F1 and F2 between
which the first polarizer is sandwiched. The second polarizing
plate has a second polarizer and a pair of polarizer protective
films F3 and F4 between which the second polarizer is sand-
wiched. The polarizer protective films F1, F2, F3, and F4 are
disposed in the order named.

[0003] The polarizer protective film may be desired to be
optically isotropic, depending on the type of the liquid crystal
cell. For this purpose, a polarizer protective film having
reduced orientation birefringence or a reduced photoelastic
coeflicient has been proposed (e.g., PTL 1).

[0004] With advances in liquid crystal display devices,
light leakage (unevenness) has been ameliorated. Conven-
tional methods, however, may fail to sufficiently ameliorate
the light leakage in recent liquid crystal display devices with
larger screens and flatter panels. Particularly, IPS-type liquid
crystal display devices are known to generate circular blur,
called egg-shaped blur, at the center of their display screens
when stored in a hot and humid environment (see e.g., PTL 2).

CITATION LIST

Patent Literature

[0005] PTL 1: Japanese Patent Application Laid-Open No.
2004-339406

[0006] PTL 2: WO2008/016242
SUMMARY OF INVENTION
Technical Problem
[0007] Egg-shaped blur is generally thought to occur due to

birefringence generated under stress concentrated on a polar-
izer protective film disposed in contact with the liquid crystal
cell as a result of contraction or expansion of the polarizer
caused by change in the usage environment of the liquid
crystal display device. Particularly, the IPS-type liquid crystal
display device disadvantageously has more conspicuous egg-
shaped blur due to birefringence generated in the polarizer
protective film.

[0008] For preventing birefringence from being generated
even under concentrated stress, it is required to decrease the
absolute value of the photoelastic coefficient of the polarizer
protective film. However, the photoelastic coefficient
depends on temperature and humidity and therefore easily
varies depending on the usage environment of the liquid
crystal display device. The usage environment of the liquid
crystal display device always changes due to the heat of the
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backlight, ambient temperature or humidity, and the like. No
existing film therefore takes a photoelastic coefficient of 0 any
time in any usage environment. Thus, even a polarizer pro-
tective film having a small absolute value of a photoelastic
coefficient at ordinary temperature may not have a suffi-
ciently small absolute value of a photoelastic coefficient in
hot and humid conditions. The resulting liquid crystal display
device produces undesired egg-shaped blur in the display
screen when used in hot and humid conditions.

[0009] The present invention has been made in consider-
ation of these circumstances, and an object of the present
invention is to provide a polarizer protective film capable of
limiting the generation of egg-shaped blur in a liquid crystal
display device (particularly, an IPS-type liquid crystal display
device) even under hot and humid conditions, and a liquid
crystal display device including the same.

Solution to Problem

[0010] [1] A polarizer protective film having a birefrin-
gence (nx-ny) under stress of 0, where nx represents a refrac-
tive index in X-axis direction in which an in-plane birefrin-
gence of the film is maximized, and ny represents a refractive
index in Y-axis direction orthogonally intersecting the X-axis
direction in the plane of the film,

[0011] wherein the birefringence (nx-ny) under stress is
measured at a wavelength of 589 nm under any tensile stress
of 5 MPa to 35 MPa applied in the X-axis direction or the
Y-axis direction of the film under conditions of 50° C. and
80% RH.

[0012] [2] The polarizer protective film according to [1],
wherein under conditions of 50° C. and 80% RH in the
absence of tensile stress, the film has in-plane retardation
Ry(589)in therange of -3 nm to +3 nm at a wavelength of 589
nm and thickness retardation Rt(589) in the range of -3 nm to
+3 nm at a wavelength of 589 nm, the in-plane retardation
R,(589) and the thickness retardation Rt(589) being repre-
sented by Equations (I) and (II), respectively:

Ro(589)=(nx-ny)xd, Equation (I):
and
Ri(589)={(nx+ny)/2-nz}xd, Equation (II):

where d represents a thickness (nm) of the film; nx represents
arefractive index in the X-axis direction in which the in-plane
birefringence of the film is maximized; ny represents a refrac-
tive index in the Y-axis direction orthogonally intersecting the
X-axis in the plane of the film; and nz represents a refractive
index in a thickness direction of the film.

[0013] [3] The polarizer protective film according to [1] or
[2], wherein the film has a photoelastic coefficient of —3.0x
1072 t0 3.0x107** m*N under conditions of 50° C. and 80%
RH.

[0014] [4] The polarizer protective film according to any of
[1] to [3], wherein the film has a birefringence (nx-ny) under
stress of 0, the birefringence (nx-ny) under stress being mea-
sured at a wavelength of 589 nm under any tensile stress of 5
MPa to 35 MPa applied in the X-axis direction or the Y-axis
direction of the film under conditions of 23° C. and 55% RH.

[0015] [5] The polarizer protective film according to any of
[1] to [4], iwherein the film comprises an acrylic resin and a
cellulose ester.
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[0016] [6] The polarizer protective film according to [5],
wherein a mass ratio of the acrylic resin and to the cellulose
ester (acrylic resin/cellulose ester) is 90/10 to 30/70.

[0017] [7] The polarizer protective film according to [5] or
[6], wherein the cellulose ester has a total degree of acyl
substitution of 2 to 3 and a degree of C;_, acyl substitution of
210 3.

[0018] [8] A polarizing plate including:
[0019] a polarizer; and
[0020] the polarizer protective film according to any of [1]

to [7] disposed on at least one surface of the polarizer.
[0021] [9] A liquid crystal display device comprising, in
order from the viewing side:

[0022] a first polarizing plate;

[0023] aliquid crystal cell;

[0024] a second polarizing plate; and

[0025] a backlight,

[0026] wherein the liquid crystal cell includes first and

second opposing substrates, the first substrate having a pixel
electrode and a counter electrode disposed thereon, and a
liquid crystal layer sandwiched between the first and second
substrates, the liquid crystal layer including liquid crystal
molecules oriented horizontally to a surface of the first sub-
strate during voltage is not applied,

[0027] the first polarizing plate includes a first polarizer and
apolarizer protective film F2 disposed on a surface on a liquid
crystal cell side of the first polarizer,

[0028] the second polarizing plate includes a second polar-
izer and a polarizer protective film F3 disposed on a surface
on the liquid crystal cell side of the second polarizer, and at
least one of the polarizer protective films F2 and F3 is the
polarizer protective film according to any one of [1] to [4].
[0029] [10] The liquid crystal display device according to
[9], wherein at least one of the polarizer protective films F2
and F3 is the polarizer protective film according to any of [5]
to [7].

[0030] [11] The liquid crystal display device according to
[9], wherein at least one of the polarizer protective films F2
and F3 includes a lactone ring-containing polymer.

[0031] [12] The liquid crystal display device according to
[9], wherein the polarizer protective film F3 is the polarizer
protective film according to any of [5] to [7].

[0032] [13] The liquid crystal display device according to
[9], wherein the polarizer protective film F3 includes a lac-
tone ring-containing polymer.

Advantageous Effects of Invention

[0033] The present invention can provide a liquid crystal
display device (particularly, an IPS-type liquid crystal display
device) wherein the generation of egg-shaped blur is limited
even under hot and humid conditions.

BRIEF DESCRIPTION OF DRAWING

[0034] FIG. 1 schematically illustrates a basic structure
according to an embodiment of the liquid crystal display
device of the present invention.

DESCRIPTION OF EMBODIMENTS

[0035] A liquid crystal display device of the present inven-
tion has a liquid crystal cell, a pair of polarizing plates
between which the liquid crystal cell is sandwiched, and a

backlight.
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[0036] FIG. 1 schematically illustrates a basic structure
according to an embodiment of the liquid crystal display
device of the presentinvention. As illustrated in FIG. 1, liquid
crystal display device 10 has liquid crystal cell 20, first polar-
izing plate 40 and second polarizing plate 60 between which
the liquid crystal cell is sandwiched, and backlight 80.

[0037] First Polarizing Plate 40 and Second Polarizing
Plate 60
[0038] First polarizing plate 40 is disposed on the viewing

side of liquid crystal cell 20 and has first polarizer 42 and
polarizer protective films 44 (F1) and 46 (F2) between which
the first polarizer is sandwiched. Second polarizing plate 60 is
disposed on the backlight 80 side of liquid crystal cell 20 and
has second polarizer 62 and polarizer protective films 64 (F3)
and 66 (F4) between which the second polarizer is sand-
wiched. Polarizer protective films 44 (F1), 46 (F2), 64 (F3),
and 66 (F4) are disposed in the order named from the viewing
side.

[0039] Thepolarizer constituting each polarizing plate is an
element that permits mere passage of light polarized in a
single plane. Typical examples of the polarizer include
stretched polyvinyl alcohol films stained with dichroic dyes
typified by polyiodide and the like.

[0040] Thepolarizer may bea polyvinyl alcohol-based film
uniaxially stretched and then stained with a dichroic dye such
as polyiodide or may be a polyvinyl alcohol-based film
stained with a dichroic dye such as polyiodide and then
uniaxially stretched (preferably, further treated with a boron
compound in order to impart durability to the film). The
stretch ratio for the uniaxial stretching can be set to approxi-
mately 4 to 8 times. The polarizer has a thickness of prefer-
ably 5to 30 um, more preferably 10to 25 um. Preferably, first
polarizer 42 and second polarizer 62 have the same stretch
ratios and the same thicknesses.

[0041] The polyvinyl alcohol-based film may be a film
formed from an aqueous polyvinyl alcohol solution. The
polyvinyl alcohol-based film is preferably an ethylene-modi-
fied polyvinyl alcohol film, for example, because this film is
excellent in polarization performance and durability and
exhibits reduced color unevenness. Examples of the ethylene-
modified polyvinyl alcohol film include films having an eth-
ylene unit content of 1 to 4 mol %, a degree of polymerization
of 2000 to 4000, and a degree of saponification of 99.0 to
99.99 mol % as disclosed in, for example, Japanese Patent
Application Laid-Open Nos. 2003-248123 and 2003-
342322.

[0042] Examples ofthedichroic dye include the polyiodide
mentioned above as well as azo-based dyes, stilbene-based
dyes, pyrazolone-based dyes, triphenylmethane-based dyes,
quinoline-based dyes, oxazine-based dyes, thiazine-based
dyes, and anthraquinone-based dyes.

[0043] Of polarizer protective films 44 (F1), 46 (F2), 64
(F3), and 66 (F4), mainly, polarizer protective films 46 (F2)
and 64 (F3) may adjust the optical properties of the liquid
crystal display device. Hereinafter, each polarizer protective
film will be described.

[0044] Polarizer Protective Films 46 (F2) or 64 (F3)
[0045] For limiting the generation of egg-shaped blur in the
display apparatus under hot and humid conditions, it is impor-
tant that at least one of polarizer protective films 46 (F2) and
64 (F3) have a birefringence under stress of 0, with a prede-
termined stress applied thereto under hot and humid condi-
tions. The stress to be applied to the polarizer protective film
under hot and humid conditions is considered to be mainly a
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contraction stress of the polarizer, a stress thatis applied to the
polarizing plate along with the deformation of the backlight
unit, or the like.

[0046] A feature of the polarizer protective film of the
present invention is therefore to have a birefringence (nx-ny)
(where nx is a refractive index in X-axis direction, and ny is a
refractive index in Y-axis direction) under stress of 0, wherein
X-axis is defined as a direction in which the in-plane birefrin-
gence ofthe film is maximized, Y-axis is defined as a direction
orthogonally intersecting the X-axis in the plane of the film,
and the birefringence (nx-ny) under stress is measured under
any tensile stress in the range of 5 MPa to 35 MPa applied in
the X-axis direction or the Y-axis direction of the film under
conditions of 50° C. and 80% RH. Birefringence under stress
is defined as the sum of orientation birefringence and stress
birefringence. Orientation birefringence refers to birefrin-
gencein a state free from stress. Stress birefringence refers to
an increment or decrement of the birefringence generated by
application of stress. More preferably, the polarizer protective
film of the present invention has a birefringence (nx-ny)
under stress of 0 under any stress in the range of 5 MPa to 25
MPa under conditions of 50° C. and 80% RH.

[0047] Even more preferably, the polarizer protective film
of the present invention has a birefringence (nx-ny) under
stress of 0 under any stress in the range of 5 MPa to 35 MPa,
further preferably under any stress in the range of S MPa to 25
MPa, even under conditions of 23° C. and 55% RH.

[0048] The birefringence (nx-ny) under stress of the film
can be measured by the following procedures:

[0049] 1) Thein-plane retardation R,(589) of the polarizer
protective film at a wavelength of 589 nm is measured using
a retardation meter (KOBRA 31PR, manufactured by Oji
Scientific Instruments) under tensile load applied in the
X-axis direction or the Y-axis direction of the film under
conditions of 50° C. and 80% RH. The in-plane retardation
R, (589) of the polarizer protective film at a wavelength of 589
nm is measured while the tensile load applied to the film is
increased in stages.

[0050] 2) Then, the tensile load under which the in-plane
retardation R,(589) of the film becomes 0 is measured. The
obtained tensile load is determined as the “tensile stress under
which birefringence (nx-ny) becomes 0”. The measurement
can be performed under conditions of 50° C. and 80% RH or
under conditions of 23° C. and 55% RH.

[0051] The relationship between tensile stress N applied to
the film and birefringence An (=nx-ny) under stress of the
film is approximated to a straight line (An=cN+d, where c¢: a
photoelastic coefficient, and d: An in the absence of stress
(birefringence in a state free from stress)) in a graph with the
tensile stress as an abscissa and the birefringence An under
stress of the film as an ordinate. The tensile stress under which
the film has a birefringence (nx-ny) of 0 can therefore be
adjusted, as mentioned later, by An in the absence of stress or
photoelastic coefficient ¢ of the film. An in the absence of
stress can be adjusted, as mentioned later, by in-plane retar-
dation R, in the absence of stress. The in-plane retardation R,
can be adjusted by film stretching conditions, etc. The pho-
toelastic coefficient ¢ of the film can be adjusted, as men-
tioned later, by the mixing ratio between an acrylic resin (A)
having a negative photoelastic coefficient and a cellulose
ester resin (B) having a positive photoelastic coefficient, the
degree of C,_, acyl substitution in the cellulose ester resin (B),
etc.

Mar. 13,2014

[0052] For stably limiting the generation of egg-shaped
blur, it is important that the birefringence (nx-ny) under
stress of the film should be kept at or near 0 even when the
tensile stress to be applied to the polarizer protective film
varies to some extent within the range described above. Pref-
erably, the film therefore has the minimum photoelastic coef-
ficient c.

[0053] Specifically, the film has photoelastic coefficient ¢
of preferably —3.0x107"2 t0 3.0x107** m*/N, more preferably
-1.5x10"% to 1.5x107'2 m*N, the photoelastic coefficient
being measured under conditions of 50° C. and 80% RH. The
photoelastic coefficient ¢ of the film can be adjusted, as men-
tioned later, by the mixing ratio between an acrylic resin (A)
having a negative photoelastic coefficient ¢ and a cellulose
ester resin (B) having a positive photoelastic coefficient c, the
degree of C,_; acyl substitution inthe cellulose ester resin (B),
etc.

[0054] The photoelastic coefficient ¢ of the film can be
measured by the following procedures:

[0055] Inthe measurement of the birefringence (nx-ny) of
the film under stress applied thereto as mentioned above, An
measured under each tensile stress is plotted against the ten-
sile stress applied to the film as an abscissa and An (which is
obtained by dividing the in-plane retardation R,(589) of the
film by film thickness d) as an ordinate to obtain a plot of An
versus tensile load. When the obtained plot is approximated to
a straight line, the slope of the straight line is determined as
photoelastic coefficient c. The measurement can be per-
formed under conditions of 50° C. and 80% RH or under
conditions of 23° C. and 55% RH.

[0056] The in-plane retardation R,(589) of the polarizer
protective film in the absence of stress is set according to the
display system of the liquid crystal cell or the desired optical
functions. For example, the in-plane retardation R,(589) of
the polarizer protective film that is combined with an IPS-
type liquid crystal cell is preferably in the range of -3 nm to
+3 nm, more preferably in the range of -2 nm to +2 nm. The
thickness retardation Rt(589) of the polarizer protective film
is also preferably in the range of -3 nm to +3 nm, more
preferably -2 nm to +2 nm. The in-plane retardation R,(589)
and the thickness retardation Rt(589) can be adjusted, as
mentioned later, by film stretching conditions, etc.

[0057] Retardations R, and Rt are found by the following
equations:

Ry=(nx-ny)xd,
and
Ri={(nx+ny)/2-nz}xd

[0058] where d represents a film thickness (nm); nx repre-
sents a refractive index in X-axis direction in which the in-
plane birefringence of the film is maximized; ny represents a
refractive index in Y-axis direction orthogonally intersecting
the X-axis in the plane of the film; and nz represents a refrac-
tive index in the thickness direction of the film.

[0059] Retardations R, and Rt can be determined by any of
the methods known in the art, for example, as follows:
[0060] 1) The average refractive index of the film is mea-
sured using a refractometer.

[0061] 2) In-plane retardation R, is measured with light
(wavelength: 589 nm) incident from the film normal direction
using KOBRA 31 WR manufactured by Oji Scientific Instru-
ments.
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[0062] 3) Retardation value R(6) is measured with light
(wavelength: 589 nm) incident atan angle of 6 (incident angle
(6)) relative to the film normal direction using KOBRA
31 WR manufactured by Oji Scientific Instruments. The angle
0 is larger than 0° and is preferably 30° to 50°.

[0063] 4) From the measured R, and R(O), the average
refractive index, and the thickness of the film as mentioned
above, 1x, ny, and nz are calculated using KOBRA 31 WR
manufactured by Oji Scientific Instruments. Thus, Rt can be
calculated. The retardation measurement can be performed
under conditions of 50° C. and 80% RH or under conditions
0f 23° C. and 55% RH.

[0064] The polarizer protective film of the present inven-
tion contains a mixture of an acrylic resin (A) and a cellulose
ester resin (B), or a lactone ring-containing polymer.

[0065] Mixture of acrylic resin (A) and cellulose ester resin
®)

[0066] Acrylic Resin(A)

[0067] The acrylic resin (A) contained in the polarizer pro-

tective film of the present invention can be a (meth)acrylic
acid ester homopolymer or a copolymer of (meth)acrylic acid
ester and an additional copolymerizable monomer. The
(meth)acrylic acid ester in the copolymer is preferably methyl
(meth)acrylate. Preferably, the copolymer has 50 to 99%
constitutional units derived from the methyl(meth)acrylate.

[0068] Examples of the additional copolymerizable mono-
mer in the copolymer of methyl (meth)acrylate therewith
include: alkyl acrylate having a C, ;4 alkyl moiety; alkyl
methacrylate having a C, ;4 alkyl moiety; a,f-unsaturated
acids such as acrylic acid and methacrylic acid; unsaturated
group-containing divalent carboxylic acids such as maleic
acid, fumaric acid, and itaconic acid; aromatic vinyl com-
pounds such as styrene and a-methylstyrene; o,f-unsatur-
ated nitriles such as acrylonitrile and methacrylonitrile; and
other compounds such as maleic anhydride, maleimide,
N-substituted maleimide, and glutaric anhydride. Among
them, alkyl acrylate having a C,_, ; alkyl moiety is preferred,
for example, from the viewpoint of enhancing thermal
decomposition resistance or flowability of the copolymer.

[0069] Examples of the alkyl acrylate having a C, _, 5 alkyl
moiety include methyl acrylate, ethyl acrylate, n-propyl acry-
late, n-butyl acrylate, s-butyl acrylate, and 2-ethylhexyl acry-
late. Methyl acrylate or n-butyl acrylate is preferred. These
copolymerizable monomers may be used alone or in combi-
nation.

[0070] Preferably, the acrylic resin (A) has a weight-aver-
age molecular weight (Mw) of8.0x10* or larger, for example,
from the viewpoint of ameliorating the brittleness of the film
or enhancing compatibility with the cellulose ester resin (B).
An acrylic resin (A) having a weight-average molecular
weight (Mw) smaller than 8.0x10* may fail to sufficiently
ameliorate the brittleness of the film and also have insufficient
compatibility with the cellulose ester resin (B). Preferably,
the acrylic resin (A) has a weight-average molecular weight
(Mw) of 1.0x10° or smaller from the viewpoint of manufac-
turing. The weight-average molecular weight (Mw) of the
acrylic resin (A) is more preferably in the range of 1.0x10° to
6.0x10°, even more preferably in the range of 1.5x10° to
4.0x10°,

[0071] The weight-average molecular weight Mw of the
acrylic resin (A) can be measured by gel permeation chroma-
tography. The measurement conditions are as follows:
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[0072] Solvent: methylene chloride

[0073] Column: Shodex K806, K805, and K803G (three
columns manufactured by Showa Denko K.K. were used in
connection)

[0074] Column temperature: 25° C.

[0075] Sample concentration: 0.1 mass %

[0076] Detector: RI Model 504 (manufactured by GL Sci-
ences Inc.)

[0077] Pump: L6000 (manufactured by Hitachi, Ltd.)
[0078] Flow rate: 1.0 ml/min

[0079] Calibration curve: standard polystyrene; STK stan-

dard polystyrene (manufactured Tosoh Corp.). The calibra-
tion curve used was prepared with 13 samples having Mw of
2,800.000 to 500. Preferably, the concentrations of these 13
samples are almost evenly spaced on the calibration curve.
[0080] The acrylic resins (A) exemplified above may be
used alone or in combination.

[0081] The acrylic resin (A) may be produced by any
method, for example, suspension polymerization, emulsion
polymerization, bulk polymerization, or solution polymeriza-
tion, or may be a commercially available product. A polymer-
ization initiator may be used in the polymerization reaction.
In such a case, usual peroxide-based, azo-based, or redox-
based polymerization initiator can be used. The polymeriza-
tion temperature can be set to 30° C. to 100° C. for suspension
polymerization or emulsion polymerization and to 80° C. to
160° C. for bulk polymerization or solution polymerization.
A chain transfer agent such as alkylmercaptan may be used in
order to adjust the reduced viscosity of the resulting acrylic
resin (A).

[0082] Examples of the commercially available product of
the acrylic resin (A) include Delpet 60N and 80N (manufac-
tured by Asahi Kasei Chemicals Corp.), Dianal BR52, BR80,
BR83, BR85, and BR88 (manufactured by Mitsubishi Rayon
Co.,Ltd.),and KT75 (manufactured by Denki Kagaku Kogyo
KXK).

[0083] Cellulose Ester Resin (B)

[0084] Thecellulose esterresin (B) has anacyl group which
may be an aliphatic or aromatic acy! group. The aliphatic acyl
group may be linear or branched and may further have a
substituent. The number of carbon atoms in the aliphatic acyl
group refers to the total number of carbon atoms including the
carbon atoms of the substituent.

[0085] The aromatic acyl group may further a substituent.
In such a case, preferably, 0 to 5 substituents are added to the
aromatic ring. The number of carbon atoms in the aromatic
acyl group having a substituent refers to the total number of
carbon atoms including the carbon atoms of the substituent.
Two or more substituents that are added to the aromatic ring
may be the same as or different from each other and may be
linked together to form a fused polycyclic compound (e.g.,
naphthalene, indene, indane, phenanthrene, quinoline, iso-
quinoline, chromene, chromane, phthalazine, acridine,
indole, and indoline).

[0086] Preferably, the cellulose ester resin (B) contains a
C,_, aliphatic acyl group, more preferably a C, , aliphatic acyl
group.

[0087] The cellulose ester resin (B) has a total degree of

acyl substitution of preferably 2.0 to 3.0, more preferably 2.5
to 3.0, for example, from the viewpoint of ameliorating the
brittleness of the film or enhancing compatibility with the
acrylic resin. The degree of substitution of C;_; acyl groups,
of all acyl groups, in the cellulose ester resin (B) is preferably
1.2 to 3.0, more preferably 2.0 to 3.0.
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[0088] Examples of the C,_, acyl groups include propionyl
and butyryl groups. A propionyl group is preferred. The total
degree of substitution of acyl groups other than C,_, acyl
groups is preferably 1.3 or lower. Examples of the acyl groups
other than C, , acyl groups include an acetyl group.

[0089] When the cellulose ester resin (B) has a total degree
of acyl substitution lower than 2.0, the resin is insufficiently
compatible with the acrylic resin (A), and the resulting film
may have too large in-plane retardation R, which in turn
makes it difficult to adjust the stress under which birefrin-
gence An becomes 0 to within the range described above, or
increases haze. By contrast, when cellulose ester resin (B) has
adegree of C,_, acyl substitution lower than 1.2, albeit having
atotal degree of acyl substitution of 2.0 or higher, the resin is
insufficiently compatible with the acrylic resin (A) and, in
addition, tends to increase the absolute value of photoelastic
coefficient c. Thus, the stress under which birefringence An
becomes 0 tends to be decreased.

[0090] For example, when the cellulose ester resin (B) has
a high degree of C, acyl (acetyl) substitution and a degree of
C,_, acyl substitution lower than 1.2, although it has a total
degree of acyl substitution of 2.0 or higher, the cellulose ester
resin (B) is insufficiently compatible with the acrylic resin
(A) and may increase the absolute value of photoelastic coef-
ficient c¢. Thus the stress under which birefringence An
becomes 0 may be decreased. On the other hand, when the
cellulose ester resin (B) has a high degree of C; or higher acyl
substitution and a degree of C,_, acyl substitution lower than
1.2, although it has a total degree of acyl substitution of 2.0 or
higher, the cellulose ester resin (B) may increase the absolute
value of photoelastic coefficient c, resulting in the decreased
stress under which birefringence An becomes 0.

[0091] The degree of acyl substitution of the cellulose ester
can be measured according to ASTM-D817-96.

[0092] Examples of the cellulose ester resin (B) contained
in the polarizer protective film include cellulose acetate pro-
pionate, cellulose acetate butyrate, cellulose acetate ben-
zoate, cellulose propionate, and cellulose butyrate. Cellulose
acetate propionate or cellulose propionate is preferred.
[0093] The cellulose ester resin (B) has a weight-average
molecular weight Mw of 75000 or larger, preferably in the
range of 75000 to 300000, more preferably in the range of
100000 to 240000, particularly preferably 160000 to 240000,
for example, from the viewpoint of enhancing compatibility
with the acrylic resin (A) or ameliorating the brittleness of the
film A cellulose ester resin (B) having a weight-average
molecular weight Mw smaller than 75000 may result in insuf-
ficient heat resistance of the film or may be insufficiently
effective for ameliorating the brittleness of the film.

[0094] The cellulose ester resin (B) has a molecular weight
distribution (weight-average molecular weight Mw/numbet-
average molecular weight Mn) of preferably 1.5 to 5.5, more
preferably 2.0 to 5.0, even more preferably 2.5 to 5.0.
[0095] The molecular weight and the molecular weight
distribution of the cellulose ester resin (B) can be measured
by high-performance liquid chromatography.

[0096] The measurement conditions are as follows:
[0097] Solvent: methylene chloride
[0098] Column: Shodex K806, K805, and K803G (manu-

factured by Showa Denko K.K.); these three columns are
used in connection.

[0099] Column temperature: 25° C.
[0100] Sample concentration: 0.1 mass %

Mar. 13,2014

[0101] Detector: RT Model 504 (manufactured by GL Sci-
ences Inc.)

[0102] Pump: L6000 (manufactured by Hitachi, Ltd.)
[0103] Flow rate: 1.0 ml/min

[0104] Calibration curve: standard polystyrene; STK stan-

dard polystyrene (manufactured Tosoh Corp.). The calibra-
tion curve used is prepared with 13 samples having Mw of
1.0x10%to 5.0x10%. Preferably, these 13 samples are selected
so that their concentrations are evenly spaced on the calibra-
tion curve.

[0105] The cellulose ester resins (B) exemplified above
may be used alone or in combination.

[0106] The mass ratio of the acrylic resin (A) to the cellu-
lose ester resin (B) (acrylic resin (A)/cellulose ester resin (B))
contained in the polarizer protective film is preferably 95/5 to
30/70, more preferably 95/5 to 50/50, even more preferably
90/10 to 60/40. A proportion of the acrylic resin (A) exceed-
ing 95 mass % with respect to the total of the acrylic resin (A)
and the cellulose ester resin (B) may too largely bias photo-
elastic coefficient c toward the negative. As a result, birefrin-
gence (nx-ny) under stress may become O under a tensile
stress in the range of lower than 5 MPa. By contrast, a pro-
portion of the acrylic resin (A) lower than 30 mass % with
respect to the total of the acrylic resin (A) and the cellulose
ester resin (B) may too largely bias photoelastic coefficient
toward the positive. As a result, birefringence (nx-ny) under
stress may become 0 under a tensile stress in the range of
lower than 5 MPa.

[0107] The total content of the acrylic resin (A) and the
cellulose ester resin (B) in the polarizer protective film is
preferably 55 mass % or higher, more preferably 60 mass %
or higher, even more preferably 70 mass % or higher, with
respect to the whole film.

[0108] Preferably, the acrylic resin (A) and the cellulose
ester resin (B) contained in the polarizer protective film of the
present invention are compatibilized with each other. The
“resin in which the acrylic resin (A) and the cellulose ester
resin (B) are compatibilized” means a resin having a com-
patibilized state as a result of mixing these resins (polymers)
and excludes a mixed resin obtained by mixing monomers or
oligomers constituting the acrylic resin with the cellulose
ester resin (B), followed by polymerization. This is because:
the step of obtaining such a mixed resin involves complicated
polymerization reaction and is difficult to control; and, in
addition, the molecular weight of the resulting mixed resin is
difficult to adjust. The compatibility between the acrylic resin
(A) and the cellulose ester resin (B) can be enhanced, for
example, by further mixing other resins therewith.

[0109] Thecompatibilized state of the acrylic resin (A) and
the cellulose ester resin (B) can be confirmed, for example, on
the basis of glass transition temperature Tg of the polarizer
protective film. For example, a film in which the acrylic resin
(A) and the cellulose ester resin (B), which differ in their glass
transition temperatures, are not compatibilized has two glass
transition temperatures unique to the respective resins. On the
other hand, a film in which the acrylic resin (A) and the
cellulose ester resin (B), which differ in their glass transition
temperatures, are compatibilized lacks the glass transition
temperatures unique to the respective resins and instead has
one glass transition temperature.

[0110] The glass transition temperature of the film is deter-
mined as a mid-point glass transition temperature (Tmg) that
is measured under conditions involving a temperature rise
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rate of 20° C./min using a differential scanning calorimeter
(model DSC-7 manufactured by PerkinElmer, Inc.) accord-
ing to JIS K7121 (1987).

[0111] The weight-average molecular weight Mw of the
acrylic resin (A) contained in the polarizer protective film of
the present invention and the weight-average molecular
weight Mw or the degree of acyl substitution of the cellulose
ester resin (B) contained therein can be each measured after
separation of each resin using a solvent that selectively dis-
solves only the acrylic resin (A) or the cellulose ester resin
(B). Each resin can be separated by immersion of the polar-
izer protective film in a solvent that dissolves only either of
the acrylic resin (A) or the cellulose ester resin (B) and the
subsequent extraction of the dissolved resin. In addition, heat-
ing or reflux may be performed. The step of separating each
resin using such a solvent may be performed twice or more to
fractionate the resins. The dissolved resin is separated from
insoluble resin residues by filtration. The solvent can be
evaporated from the filtrate to obtain the resin. The molecular
weight distribution of the resin thus fractionated can be mea-
sured by gel permeation chromatography or high-perfor-
mance liquid chromatography mentioned above.

[0112] There are cases that 1) the resins (A) and (B) com-
patibilized with each other may be separated from each other
using a gel permeation chromatography (GPC) column, and
2) may not be separated from each other using a GPC column.
[0113] Inthe case of 1), a high-molecular-weight resin can
be eluted at an early stage using the GPC column while a
low-molecular-weight resin can be eluted after a lapse of a
long time therefrom to thereby easily fractionate the resins
(A) and (B) compatibilized with each other. Then, the respec-
tive molecular weights of the fractionated resins (A) and (B)
can be measured.

[0114] Inthe case of 2), the molecular weight of the resins
compatiblized with each other is measured by GPC. Then, an
eluted resin solution is collected at each point in time. After
distilling off of the solvent and drying, the resin is structurally
analyzed to detect resin composition for each of fractions
with different molecular weights. The respective amounts of
the resins (A) and (B) can thereby be determined for each
fraction.

[0115] Regarding Lactone Ring-Containing Polymer
[0116] The lactone ring-containing polymer has a lactone
ring structure represented by general formula (1):

[Formula 1]

M

COOR? R?
| cm2
C

~

C
di
R N0 X

[0117] In general formula (1), R?, and R* each indepen-
dently represent a hydrogen atom or a C,_,, organic residue.
[0118] Examples of the organic residue represented by R*
include C,_, 4 alkyl groups, C;_,, cycloalkyl groups, and aryl
groups.

[0119] Examples of the organic residue represented by R?
include C, ;4 alkyl groups, C5 o cycloalkyl groups, aryl
groups, C,, hydroxyalkyl groups, —(CH,), NR"R"?,
—(CH,),NR"'R"’R"*M", and —(C,H,0),R'* where
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R, R'?, and R'® may be the same or different and each
represent a C,_, alkyl group; R'* represents a C,_5 alkyl
group; mrepresents 2 to 5; p represents 1to 80; M~ represents
CI, Br, 80,*, PO,*", CH,COO™, or HCOO™. R? is prefer-
ably a hydrogen atom or a C,_, 4 alkyl group, more preferably
a hydrogen atom, a methyl group, or an ethyl group.

[0120] Examples of the organic residue represented by R?
include C, 5 alkyl groups, C;. cycloalkyl groups, aryl
groups, and C, , hydroxyalkyl groups. R is preferably a
hydrogen atom, a C,_, alkyl group, or a C,_¢ hydroxyalkyl
group, more preferably a hydrogen atom, a methyl group, or
a 2-hydroxyethyl group.

[0121] Thecontent of the lactone ring structure represented
by general formula (1) in the lactone ring-containing polymer
is preferably 5 to 90 mass %, more preferably 10 to 70 mass
%, even more preferably 10 to 60 mass %, particularly pref-
erably 10 to 50 mass %, for example, from the viewpoint of
adjusting photoelastic coefficient ¢. The lactone ring-contain-
ing polymer having a larger content of the lactone ring-con-
taining structure can have a positively increased photoelastic
coefficient c.

[0122] Thelactone ring-containing polymer has a structure
other than the lactone ring structure represented by general
formula (1). The structure other than the lactone ring structure
represented by general formula (1) is, but not limited to,
preferably polymer building blocks (repeating structural
units) constructed by polymerizing at least one monomer
selected from (meth)acrylic acid esters, hydroxy group-con-
taining monomers, unsaturated carboxylic acids, and mono-
mers represented by the following general formula (2), more
preferably polymer building blocks (repeating structural
units) of (meth)acrylic acid ester:

[Formula 2]
@
H,c=Cc—R*
X
[0123] In formula (2), R* represents a hydrogen atom or a

methyl group; X represents a hydrogen atom, a C, ,, alkyl
group, an aryl group, a —QAc group, a —CN group, a
—CO—R® group, ora —C—O—R group; Ac group repre-
sents an acetyl group; and R® and R® each represent a hydro-
gen atom or a C,_,, organic residue.

[0124] As to the content of the structure other than the
lactone ring structure represented by general formula (1) in
the lactone ring-containing polymer, in the case of polymer
building blocks (repeating structural units) constructed by
polymerizing a (meth)acrylic acid ester, the content is pref-
erably 10 to 95 mass %, more preferably 10 to 90 mass %,
even more preferably 40 to 90 mass %, particularly preferably
50to 90 mass % of the lactone ring-containing polymer. Inthe
case of polymer building blocks (repeating structural units)
constructed by polymerizing a hydroxy group-containing
monomer, the content is preferably 0 to 30 mass %, more
preferably 0to 20 mass %, even more preferably 0 to 15 mass
%, particularly preferably 0 to 10 mass % of the lactone
ring-containing polymer. In the case of polymer building
blocks (repeating structural units) constructed by polymeriz-
ing a unsaturated carboxylic acid, the content is preferably 0
to 30 mass %, more preferably 0 to 20 mass %, even more
preferably 0 to 15 mass %, particularly preferably 0 to 10
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mass % of the lactone ring-containing polymer. In the case of
polymer building blocks (repeating structural units) con-
structed by polymerizing a monomer represented by general
formula (2), the content is preferably 0 to 30 mass %, more
preferably 0 to 20 mass %, even more preferably 0to 15 mass
%, particularly preferably 0 to 10 mass % of the lactone
ring-containing polymer.

[0125] The lactone ring-containing polymer can be pro-
duced by any method and is preferably obtained through a
polymerization step of obtaining a polymer having a hydroxy
group and an ester group in the molecular chain and a lactone
cyclocondensation step of heating the obtained polymer to
introduce a lactone ring structure to the polymer.

[0126] The polymerization step involves obtaining the
polymer having a hydroxy group and an ester group in the
molecular chain through the polymerization reaction of
monomeric components including amonomer represented by
the following general formula (3):

[Formula 3]

©)
R8

H,C=C—C—O0H
[ X

COOR’

[0127] In general formula (3), R” and R® each indepen-
dently represent a hydrogen atom or a C, _,, organic residue.
Examples of the monomer represented by general formula (3)
include methyl 2-(hydroxymethylacrylate, ethyl 2-(hy-
droxymethyl)acrylate, isopropyl 2-(hydroxymethyl)acrylate,
normal butyl 2-(hydroxymethyl)acrylate, and tertiary butyl
2-(hydroxymethyl)acrylate. Among them, methyl 2-(hy-
droxymethyl)acrylate or ethyl 2-(hydroxymethyl)acrylate is
preferred. Methyl 2-(hydroxymethyl)acrylate is particularly
preferred because the present invention can sufficiently exert
its effects. These monomers represented by general formula
(3) may be used alone or in combination.

[0128] The content of the monomer represented by general
formula (3) in the monomeric components to be subjected to
the polymerization step is preferably 5 to 90 mass %, more
preferably 10 to 70 mass %, even more preferably 10 to 60
mass %, particularly preferably 10 to 50 mass %.

[0129] The monomeric components to be subjected to the
polymerization step may include monomer(s) other than the
monomer represented by general formula (3). Examples of
such a monomer preferably include, as mentioned above,
(meth)acrylic acid esters, hydroxy group-containing mono-
mers, unsaturated carboxylic acids, and monomers repre-
sented by general formula (2). These monomers other than
the monomer represented by general formula (2) may be used
alone or in combination.

[0130] Examples of the (meth)acrylic acid esters include
(meth)acrylic acid esters other than the monomer represented
by general formula (3), for example, but not limited to: acrylic
acid esters such as methyl acrylate, ethyl acrylate, n-butyl
acrylate, isobutyl acrylate, t-butyl acrylate, cyclohexyl acry-
late, and benzyl acrylate; and methacrylic acid esters such as
methyl methacrylate, ethyl methacrylate, propyl methacry-
late, n-butyl methacrylate, isobutyl methacrylate, t-butyl
methacrylate, cyclohexyl methacrylate, and benzyl meth-
acrylate. These (meth)acrylic acid esters may beused alone or
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in combination. Among them, methyl methacrylate is particu-
larly preferred because the present invention can sufficiently
exert its effects.

[0131] In the case of using the (meth)acrylic acid ester
other than the monomer represented by general formula (2),
its content in the monomeric components to be subjected to
the polymerization step is preferably 10 to 95 mass %, more
preferably 10 to 90 mass %, even more preferably 40 to 90
mass %, particularly preferably 50 to 90 mass %.

[0132] Examples of the hydroxy group-containing mono-
mers include hydroxy group-containing monomers other than
the monomer represented by general formula (3), for
example, but not limited to, a-hydroxymethylstyrene, ct-hy-
droxyethylstyrene, 2-(hydroxyalkyl)acrylic acid esters such
as methyl 2-(hydroxyethyl)acrylate, and 2-(hydroxyalkyl)
acrylic acids such as 2-(hydroxyethyl)acrylic acid. These
monomers may be used alone or in combination.

[0133] In the case of using the hydroxy group-containing
monomer other than the monomer represented by general
formula (3), its content in the monomeric components to be
subjected to the polymerization step is preferably 0 to 30 mass
%, more preferably 0to 20 mass %, even more preferably 0 to
15 mass %, particularly preferably O to 10 mass %.

[0134] Examples of the unsaturated carboxylic acids
include acrylic acid, methacrylic acid, crotonic acid, a-sub-
stituted acrylic acid, and a-substituted methacrylic acid.
These unsaturated carboxylic acids may be used alone or in
combination. Among them, acrylic acid or methacrylic acid is
particularly preferred.

[0135] Inthe case of using the unsaturated carboxylic acid,
its content in the monomeric components to be subjected to
the polymerization step is preferably 0 to 30 mass %, more
preferably 0 to 20 mass %, even more preferably 0 to 15 mass
%, particularly preferably 0 to 10 mass %.

[0136] Examples of the monomers represented by general
formula (2) include styrene, vinyltoluene, a-methylstyrene,
acrylonitrile, acryloylmorpholine, methyl vinyl ketone, eth-
vlene, propylene, vinyl acetate, and N-vinylpyrrolidone.
These monomers may be used alone or in combination.
Among them, styrene or a-methylstyrene is particularly pre-
ferred.

[0137] In the case of using the monomer represented by
general formula (2), its content in the monomeric components
to be subjected to the polymerization step is preferably 0 to 30
mass %, more preferably 0 to 20 mass %, even more prefer-
ably 0 to 15 mass %, particularly preferably 0 to 10 mass %.
[0138] The polymerization for obtaining the polymer hav-
ing a hydroxy group and an ester group in the molecular chain
through the polymerization reaction of monomeric compo-
nents is preferably polymerization using a solvent, particu-
larly preferably through solution polymerization.

[0139] The polymerization step yields a polymer having a
hydroxy group and an ester group in the molecular chain. This
polymer has a weight-average molecular weight of preferably
1000 to 1000000, more preferably 5000 to 500000, particu-
larly preferably 10000 to 200000. The polymer obtained in
the polymerization step is heat-treated in the subsequent lac-
tone cyclocondensation step to introduce a lactone ring struc-
ture to the polymer. In this way, the lactone ring-containing
polymer is obtained.

[0140] The introduction of a lactone ring structure to the
polymer obtained in the polymerization step is caused by the
reaction through which the hydroxy group and the ester group
in the molecular chain of the polymer are cyclocondensed by
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heating to form a lactone ring structure. This cyclocondensa-
tion yields an alcohol as a by-product.

[0141] Thelactone ring-containing polymer has a 5% mass
loss temperature of preferably 280° C. or higher, more pref-
erably 290° C. or higher, even more preferably 300° C. or
higher, in thermogravimetric analysis (TG). The 5% mass
loss temperature in thermogravimetric analysis (TG) serves
as a measure of thermal stability. A polymer having this
temperature lower than 280° C. might not exhibit sufficient
thermal stability.

[0142] The lactone ring-containing polymer has a glass
transition temperature (Tg) of preferably 115° C. or higher,
more preferably 125° C. or higher, even more preferably 130°
C. or higher, further preferably 135° C. or higher, most pref-
erably 140° C. or higher.

[0143] The polarizer protective film of the present inven-
tion may further contain other resins, if necessary, in addition
to the lactone ring-containing polymer. Specifically, the
polarizer protective film of the present invention may be
constituted by a lactone ring-containing polymer composi-
tion containing the lactone ring-containing polymer and, if
necessary, an additional resin.

[0144] Preferred examples of the additional resin contained
in the lactone ring-containing polymer composition include
AS resin (acrylonitrile-styrene copolymer), for example, for
the purpose of adjusting photoelastic coefficient ¢ or retarda-
tion R, or Rt. For example, the photoelastic coefficient c of the
film can be adjusted by the copolymerization ratio between
acrylonitrile and styrene constituting the AS resin.

[0145] The polarizer protective film of the present inven-
tion may further contain an additional resin and an additive, if
necessary. Examples of the additional resin include acrylic
particles (C).

[0146] Acrylic Particle (C)

[0147] Acrylic particle (C) is preferably an acrylic particle
(C)having a layer structure having two or more layers, more
preferably an acrylic granular composite having a multilayer
structure described below.

[0148] The acrylic granular composite having a multilayer
structure is an acrylic granular composite in which a “layer
consisting of an innermost hard layer polymer”, a “layer
consisting of'a cross-linked soft layer polymer”, and a “layer
consisting of an outermost hard layer polymer” are stacked in
the order named from the center toward the outer side.
[0149] Preferred examples of the acrylic granular compos-
ite having a multilayer structure include an acrylic granular
composite that has a three-layer core-shell structure having
(a) alayer consisting of an innermost hard layer polymer, (b)
a layer consisting of a cross-linked soft polymer, and (¢) a
layer consisting of an outermost hard polymer described
below at contents of 5 to 40 mass % of the innermost hard
layer polymer (a), 30 to 60 mass % of the cross-linked soft
layer polymer (b), and 20 to 50 mass % of the outermost hard
layer polymer (c), and has an insoluble portion with a degree
of swelling of 1.5 to 4.0 in methyl ethyl ketone, the insoluble
portion being obtained by fractionation with acetone.

[0150] Preferably, the tensile modulus of elasticity of the
acrylic granular composite having a multilayer structure and
the degree of swelling in methyl ethyl ketone of the insoluble
portion obtained by fractionation with acetone are set to
ranges disclosed in Japanese Patent Publication No.
60-17406 or 03-39095. This is because the sufficient balance
between impact resistance and stress whitening resistance
can thereby be realized.
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[0151] Theinnermost hard layer polymer (a) is obtained by
the polymerization of a monomeric mixture consisting of 80
to 98.9 mass % of methyl methacrylate, 1 to 20 mass % of
alkyl acrylate having a C, _, alkyl group, and 0.01 to 0.3 mass
% of a polyfunctional grafting agent.

[0152] Examples of the alkyl acrylate having a C, , alkyl
group, contained in the innermost hard layer polymer (a)
include methyl acrylate, ethyl acrylate, n-propyl acrylate,
n-butyl acrylate, s-butyl acrylate, and 2-ethylhexyl acrylate.
Methyl acrylate or n-butyl acrylate is preferred.

[0153] Preferably, the innermost hard layer polymer (a)
contains 1 to 20 mass % of the alkyl acrylate unit. A polymer
containing less than 1 mass % of the alkyl acrylate unit is
more susceptible to thermal decomposition. By contrast, an
innermost hard layer polymer (ct) containing more than 20
mass % of the alkyl acrylate unit has a low glass transition
temperature and is less effective for imparting impact resis-
tance to the acrylic granular composite having a three-layer
structure. Thus, either case is not preferred.

[0154] Examples of the polyfunctional grafting agent con-
tained in the innermost hard layer polymer (a) include poly-
functional monomers having polymerizable functional
groups, other than alkyl acrylate or methyl methacrylate, for
example, allyl esters of acrylic acid, methacrylic acid, maleic
acid, and fumaric acid. Allyl methacrylate is preferably used.
The polyfunctional grafting agent is used in order to chemi-
cally bond the innermost hard layer polymer (a) to the cross-
linked soft layer polymer (b) and used at a proportion of 0.01
to 0.3 mass % in the polymerization for the innermost hard
layer polymer (a).

[0155] The cross-linked soft layer polymer (b) is obtained
by the polymerization of a monomeric mixture consisting of
75 10 98.5 mass % of alkyl acrylate having a C,_, alkyl group,
0.01 to 5 mass % of a polyfunctional cross-linking agent, and
0.5 to 5 mass % of a polyfunctional grafting agent in the
presence of the innermost hard layer polymer (a).

[0156] Examples of the alkyl acrylate having a C, 4 alkyl
group, contained in the cross-linked soft layer polymer (b)
include n-butyl acrylate and 2-ethylhexyl acrylate. This alkyl
acrylate having a C, ¢ alkyl group may be copolymerized
with 25 mass % or less of an additional copolymerizable
monomer. Examples of the copolymerizable monomer
include styrene and substituted styrene derivatives. As for the
ratio between the alkyl acrylate having a C,_g alkyl group and
the styrene, a larger proportion of the former can lower the
glass transition temperature of the polymer (b), i.e., can
soften the polymer (b).

[0157] From the viewpoint of the transparency of the resin
composition, it is advantageous to allow the cross-linked soft
layer polymer (b) to have a refractive index, at ordinary tem-
perature, close to those of the innermost hard layer polymer
(), the outermost hard layer polymer (¢), and a hard thermo-
plastic acrylic resin. The ratio between the alkyl acrylate
having a C,_ alkyl group and the styrene is selected in con-
sideration of these conditions.

[0158] The polyfunctional cross-linking agent contained in
the cross-linked soft layer polymer (b) can be a generally
known cross-linking agent such as a divinyl compound, a
diallyl compound, a diacrylic compound, or a dimethacrylic
compound. Polyethylene glycol diacrylate (molecular
weight: 200 to 600) is preferably used. The polyfunctional
cross-linking agent is used in order to form a cross-linked
structure during the polymerization for the soft layer (b) so
that the cross-linked soft layer polymer (b) can exert its effect
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of imparting impact resistance. The aforementioned poly-
functional grafting agent, when used in the polymerization
for the softlayer (b), can form the cross-linked structure of the
soft layer (b) to some extent. Thus, the polyfunctional cross-
linking agent is not an essential component. The polyfunc-
tional cross-linking agent is used at a proportion of preferably
0.01 to 5 mass % in the polymerization for the soft layer from
the viewpoint of the effect of imparting impact resistance.

[0159] The polyfunctional grafting agent contained in the
cross-linked soft layer polymer (b) may be the same as that
contained in the innermost hard layer polymer (a). The poly-
functional grafting agent contained in the cross-linked soft
layer polymer (b) is used in order to chemically bond the
cross-linked soft layer polymer (b) to the outermost hard layer
polymer (c) and used at a proportion of preferably 0.5 to 5
mass % in the polymerization for the cross-linked soft layer
polymer (b) from the viewpoint of the effect of imparting
impact resistance.

[0160] Theoutermost hard layer polymer (c) is obtained by
the polymerization of a monomeric mixture consisting of 80
to 99 mass % of methyl methacrylate and 1 to 20 mass % of
alkyl acrylate having a C, ; alkyl group in the presence of the
innermost hard layer polymer (a) and the cross-linked soft
layer polymer (b).

[0161] The alkyl acrylate contained in the outermost hard
layer polymer (c) may be the same as that in the innermost
hard layer polymer (a) and is preferably methyl acrylate or
ethyl acrylate. Preferably, the outermost hard layer (¢) con-
tains 1 to 20 mass % of the alkyl acrylate unit.

[0162] A chain transfer agent such as alkylmercaptan may
be used for obtaining the outermost hard layer polymer (c).
This chain transfer agent can adjust the molecular weight of
the polymer and may enhance compatibility with the acrylic
resin (A).

[0163] For enhancing the balance between the elongation
and impact resistance of the acrylic particle (C), it is particu-
larly preferred to provide a gradient such that the molecular
weight of the outermost hard layer polymer (c) is gradually
decreased from the inner side toward the outer side of the
outermost hard layer. For this purpose, for example, the
monometric mixture for forming the outermost hard layer is
divided into two or more parts, and he amount of the chain
transfer agent to be added to each part of the divided mono-
meric mixture is sequentially increased among the parts. The
molecular weight of the resulting outermost hard layer can be
predicted by: polymerizing the monomeric mixture under the
same conditions as in the formation of the outermost hard
layer; and measuring the molecular weight of the resulting
polymer.

[0164] The mass ratio between the core and the shell in the
acrylic granular composite having a multilayer structure is,
but not limited to, preferably 50 parts by mass or higher and
90 parts by mass or lower, more preferably 60 parts by mass
or higher and 80 parts by mass or lower of the core layer with
respect to 100 parts by mass in total of the acrylic granular
composite having a multilayer structure. The core layer
means the innermost hard layer.

[0165] Examples of commercially available products of the
acrylic granular composite having a multilayer structure
include “Metablen” manufactured by Mitsubishi Rayon Co.,
Ltd., “Kane Ace” manufactured by Kaneka Corp., “Paraloid”
manufactured by Kureha Corp., “Acryloid” manufactured by
Rohm and Haas Company, “Stafiloid” manufactured by Ganz
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Chemical Co., Ltd., and “Parapet SA” manufactured by
Kuraray Co., Ltd. These acrylic granular composites can be
used alone or in combination.

[0166] The acrylic particle (C) may be a graft copolymer.
Examples of such a graft copolymer include a graft copoly-
mer obtained by the copolymerization of a monomeric mix-
ture consisting of an unsaturated carboxylic acid ester mono-
mer, an unsaturated carboxylic acid monomer, an aromatic
vinyl monomer, and, if necessary, an additional vinyl mono-
mer copolymerizable therewith in the presence of a rubbery
polymer.

[0167] The rubbery polymer that can be used for obtaining
the graft copolymer can be, but not limited to, for example,
diene-based rubber, acrylic rubber, or ethylene-based rubber.
Specific examples thereof include polybutadiene, styrene-
butadiene copolymers, styrene-butadiene block copolymers,
acrylonitrile-butadiene copolymers, butyl acrylate-butadiene
copolymers, polyisoprene, butadiene-methyl methacrylate
copolymers, butyl acrylate-methyl methacrylate copolymers,
butadiene-ethyl acrylate copolymers, ethylene-propylene
copolymers, ethylene-propylene-diene copolymers, ethyl-
ene-isoprene copolymers, and ethylene-methyl acrylate
copolymers. These rubbery polymers may be used alone or as
a mixture of two or more types.

[0168] Examples of commercially available products of the
acrylic particle (C) in the form of a graft copolymer include
Metablen W-341 (C2) (manufactured by Mitsubishi Rayon
Co., Ltd.) and Chemisnow MR-2G (C3) and MS-300X (C4)
(manufactured by Soken Chemical & Engineering Co., Ltd.).

[0169] Theacrylic particle (C) has a particle size of, but not
limited to, preferably 10 nm or larger and 1000 nm or smaller,
more preferably 20 nm or larger and 500 nm or smaller,
particularly preferably 50 nm or larger and 400 nm or smaller.

[0170] For obtaining a highly transparent film, it is pre-
ferred that the refractive index of the mixture of the acrylic
resin (A)and the cellulose ester resin (B) be close to that of the
acrylic particle (C). Specifically, the acrylic particle (C) and
the acrylic resin (A) differ in refractive index preferably by
0.05 or less, more preferably by 0.02 or less, particularly
preferably by 0.01 or less.

[0171] Such a relationship of the refractive indexes can be
satisfied by decreasing the difference in refractive index by,
for example, a method which involves adjusting the compo-
sitional ratio of each monomer unit in the acrylic resin (A) or
amethod which involves adjusting the compositional ratio of
the rubbery polymer or the monomer for use in the acrylic
particle (C). The resulting polarizer protective film can be
excellent in transparency.

[0172] The difference in refractive index refers to a differ-
ence in refractive index (23° C., measurement wavelength:
550 nm) measured by: fully dissolving, under appropriate
conditions, the polarizer protective film of the present inven-
tion in a solvent capable of dissolving the acrylic resin (A);
separating the resulting cloudy solution into a solvent-dis-
solved portion and an insoluble portion by operation such as
centrifugation; and purifying each of the dissolved portion
(acrylic resin (A)) and the insoluble portion (acrylic particle
(C)), followed by refractive index measurement.

[0173] Preferably, the acrylic resin (A) is mixed with the
acrylic particles (C) by, but not limited to, a method which
involves blending in advance the acrylic resin (A) with other
arbitrary components and then uniformly melt-kneading the
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blend usually at 200° C. to 350° C. using a single-screw or
twin-screw extruder while adding the acrylic particles (C)
thereto.

[0174] Alternatively, the acrylic resin (A) may be mixed
with the acrylic particles (C) by, for example, a method which
involves adding a preliminary dispersion of the acrylic par-
ticles (C) to a solution containing the acrylic resin (A) and the
cellulose ester resin (B) dissolved therein (dope solution) and
mixing these solutions, or a method which involves dissolv-
ing or mixing the acrylic particles (C) and other arbitrary
additives and adding the resulting solution in an in-line man-
ner to such a dope solution.

[0175] Thepolarizer protective film contains preferably 0.5
to 30 mass %, more preferably 1.0 to 15 mass % of the acrylic
particles (C).

[0176] Other Additives

[0177] The polarizer protective film of the present inven-
tion may further contain, if necessary, a plasticizer in order to
improve the flowability or flexibility of the resin composition
during film formation. Examples of the plasticizer include
phthalic acid ester-based plasticizers, fatty acid ester-based
plasticizers, trimellitic acid ester-based plasticizers, phos-
phoric acid ester-based plasticizers, polyester-based plasti-
cizers, and epoxy-based plasticizers. Among them, a polyes-
ter-based plasticizer or a phthalic acid ester-based plasticizer
is preferred. The polyester-based plasticizer is less likely to
bleed out, but slightly inferior in plasticizing effect or com-
patibility, compared with the phthalic acid ester-based plas-
ticizer such as dioctyl phthalate.

[0178] The polyester-based plasticizer is a polyester com-
pound that is obtained through the reaction between a
monovalent to tetravalent carboxylic acid and a monohydric
to hexahydric alcohol and is preferably a polyester compound
that is obtained through the reaction between a divalent car-
boxylic acid and a glycol.

[0179] Typical examples of the divalent carboxylic acid
include glutaric acid, itaconic acid, adipic acid, phthalic acid,
azelaic acid, and sebacic acid. Particularly, a polyester com-
pound constituted by a component such as adipic acid or
phthalic acid is excellent in plasticizing effect. Examples of
the glycol include glycols of ethylene, propylene, 1,3-buty-
lene, 1,4-butylene, 1,6-hexamethylene, neopentylene, dieth-
vlene, triethylene, and dipropylene. These divalent carboxy-
lic acids or glycols may be used alone or as a mixture.

[0180] The polyester-based plasticizer has a molecular
weight in the range of preferably 100 to 10000, more prefer-
ably in the range of 600 to 3000 because of large plasticizing
effect.

[0181] The viscosity of the plasticizer correlates with its
molecular structure or molecular weight. Preferably, the adi-
pic acid-based plasticizer has a viscosity in the range 0f 200 to
5000 MPa-s (25° C.) in teens of compatibility or plasticiza-
tion efficiency. Some polyester-based plasticizers may be
used in combination.

[0182] Preferably, the content of the plasticizer is set to 0.5
to 30 parts by mass with respect to 100 parts by mass of the
polarizer protective film of the present invention. A plasti-
cizer contained at a content exceeding 30 parts by mass is
practically unfavorable because the plasticizer bleeds out to
make the film surface sticky.

[0183] The polarizer protective film of the present inven-
tion may further contain a UV absorber, if necessary.
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Examples of the UV absorber include benzotriazole-based,
2-hydroxybenzophenone-based, and salicylic acid phenyl
ester-based UV absorbers.

[0184] Specific examples thereof include: triazoles such as
2-(5-methyl-2-hydroxyphenyl)benzotriazole, 2-[2-hydroxy-
3,5-bis(a,a-dimethylbenzyl)phenyl]-2H-benzotriazole, and
2-(3,5-di-t-butyl-2-hydroxyphenyl)benzotriazole; and ben-
zophenones such as 2-hydroxy-4-methoxybenzophenone,
2-hydroxy-4-octoxybenzophenone, and 2,2'-dihydroxy-4-
methoxybenzophenone.

[0185] A UV absorber having a molecular weight of 400 or
larger does not easily volatilize because of its high boiling
point and therefore rarely flies out even during high-tempera-
ture molding. Thus, such a UV absorber can effectively
impart weather resistance to the film even when added in a
small amount.

[0186] Examples of the UV absorber having a molecular
weight of 400 or larger include: benzotriazole-based UV
absorbers such as 2-[2-hydroxy-3,5-bis(a,a-dimethylben-
zyl)phenyl]-2-benzotriazole and 2,2-methylenebis[4-(1,1,3,
3-tetrabutyl)-6-(2H-benzotriazol-2-yl)phenol];  hindered
amine-based UV absorbers such as bis(2,2,6,6-tetramethyl-
4-piperidyl) sebacate and bis(1,2,2,6,6-pentamethyl-4-pip-
eridyl) sebacate; and hybrid-based UV absorbers having both
hindered phenol and hindered amine structures in their mol-
ecules, such as bis(1,2,2,6,6-pentamethyl-4-piperidyl) 2-(3,
5-di-t-butyl-4-hydroxybenzyl)-2-n-butylmalonate and 1-[2-
[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionyloxy|ethyl]-4-
[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionyloxy]-2,2,6,6-
tetramethylpiperidine. These UV absorbers can be used alone
or in combination. Of the foregoing, 2-[2-hydroxy-3,5-bis(c,
a-dimethylbenzyl)phenyl]-2-benzotriazole or 2,2-methyl-
enebis[4-(1,1,3,3-tetrabutyl)-6-(2H-benzotriazol-2-yl)phe-
nol] is particularly preferred.

[0187] The polarizer protective film of the present inven-
tion may further contain an antioxidant, for example, in order
to reduce thermal decomposition or thermal coloration during
the molding process. Also, the polarizer protective film of the
present invention may further contain an antistatic agent in
order to impart antistatic performance thereto. The polarizer
protective film of the present invention may further contain a
phosphorus-based flame retardant in order to inpart flame
resistance thereto.

[0188] Examples of the phosphorus-based flame retardant
include red phosphorus, triaryl phosphate, diaryl phosphate,
monoaryl phosphate, aryl phosphonic acid compounds,
arylphosphine oxide compounds, condensed aryl phosphate,
halogenated alkyl phosphate, halogen-containing condensed
phosphoric acid ester, halogen-containing condensed phos-
phonic acid ester, and halogen-containing phosphorous acid
ester. These phosphorus-based flame retardants may be used
alone or as a mixture of two or more types. Specific examples
of the phosphorus-based flame retardant include triphenyl
phosphate,  9,10-dihydro-9-oxa-10-phosphaphenanthrene-
10-oxide, phenyl phosphonic acid, tris(f-chloroethyl)phos-
phate, tris(dichloropropyl)phosphate, and tris(tribromoneo-
pentyl)phosphate.

[0189] Method for producing polarizer protective films 46
(F2) and 64 (F3) An example of the method for producing
polarizer protective films 46 (F2) and 64 (F3) will be
described. However, the present invention is not limited to
this example.

[0190] Production methods such as inflation, T-die, calen-
daring, cutting, casting, emulsion, and hot press methods can
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be used for producing each polarizer protective film of the
present invention. A casting method is preferred from the
viewpoint of, for example, suppressing coloration, reducing
foreign matter-related defects, and reducing optical defects
such as die lines. Particularly, a solution casting method is
more preferred.

[0191] The production of the polarizer protective film by
the solution casting method involves the steps of 1) preparing
adope, 2) casting the dope onto an endless metal support, 3)
drying the casted dope to prepare a web (solvent evaporation
step), 4) peeling the web from the metal support, 5) drying the
web, followed by stretching to obtain a stretched film, and 6)
rolling up the stretched film (polarizer protective film).
[0192] 1) Step of Preparing Dope

[0193] This step involves dissolving the acrylic resin (A),
the cellulose ester resin (B), and optionally, the acrylic par-
ticles (C) and other additives with stirring in an dissolution
vessel containing an organic solvent composed mainly of a
good solvent for the acrylic resin (A) and the cellulose ester
resin (B)to form a dope, or involves mixing the solution of the
acrylic resin (A) and the cellulose ester resin (B), optionally
with a solution of the acrylic particles (C) and solutions of
other additives to form a dope which is a main solution.
[0194] The acrylic resin (A) and the cellulose ester resin
(B) can be dissolved using various dissolution methods such
as amethod whichinvolves dissolving these resins at ordinary
pressure, a method which involves dissolving the resins at a
temperature equal to or lower than the boiling point of the
main solvent, a method which involves dissolving the resins
by pressurization at a temperature equal to or higher than the
boiling point of the main solvent, a method which involves
dissolving the resins by cooling as described in Japanese
Patent Application Laid-Open No. 9-95544, 9-95557, or
9-95538, and amethod which involves dissolving the resins at
a high pressure as described in Japanese Patent Application
Laid-Open No. 11-21379. Particularly, the method which
involves dissolving the resins by pressurization at a tempera-
ture equal to or higher than the boiling point of the main
solvent is preferred.

[0195] The organic solvent useful in forming the dope can
be any solvent that simultaneously dissolves the acrylic resin
(A), the cellulose ester resin (B), and optionally, other addi-
tives, without limitations.

[0196] Examples of chlorine-based organic solvents
include methylene chloride. Examples of non-chlorine-based
organic solvents include methyl acetate, ethyl acetate, amyl
acetate, acetone, tetrahydrofuran, 1,3-dioxolane, 1,4-diox-
ane, cyclohexanone, ethyl formate, 2,2,2-trifluoroethanol,
2,2,3,3-hexafluoro-1-propanol, 1,3-difluoro-2-propanol, 1,1,
1,3,3,3-hexafluoro-2-methyl-2-propanol, 1,1,1,3,3,3-
hexafluoro-2-propanol,  2,2.3,3,3-pentafluoro-1-propanol,
and nitroethane. Methylene chloride, methyl acetate, ethyl
acetate, or acetone can be preferably used.

[0197] Preferably, the dope contains 1 to 40 mass % of a
C,_, linear or branched aliphatic alcohol, in addition to the
above organic solvent. The dope having a higher proportion
of alcohol yields a gelled web, which is easily peeled from the
metal support. Alternatively, the alcohol added at a lower
proportion also plays a role in promoting the dissolution of
the acrylic resin (A) and the cellulose ester resin (B) in a
non-chlorine-based organic solvent system.

[0198] The dope is particularly preferably a dope compo-
sition containing at least 15 to 45 mass % in total of three
components, i.e., the acrylic resin (A), the cellulose ester
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resin (B), and the acrylic particles (C), dissolved in a solvent
containing methylene chloride and a C, , linear or branched
aliphatic alcohol.

[0199] Examples of the C,_, linear or branched aliphatic
alcohol include methanol, ethanol, n-propanol, isopropanol,
n-butanol, sec-butanol, and tert-butanol. Of them, ethanol is
preferred, for example, because the resulting dope has favor-
able stability and a relatively low boiling point and 1s well
dryable.

[0200] Preferably, the dope contains 15 to 45 mass % in
total of the acrylic resin (A) and the cellulose ester resin (B).
Additives are added to the dope during or after dissolution to
dissolve or disperse the components. Then, the mixture is
filtered through a filtering medium, defoamed, and sent to the
next step through a liquid feed pump

[0201] Preferably, this filtration employs a filtering
medium that captures particles with a size 0f 0.5 to 5 pm with
a filtering time of 10 to 25 sec/100 ml.

[0202] This method can remove only aggregates remaining
during particle dispersion or aggregates occurring during
addition of a main dope by use of the filtering medium that
captures particles with a size of 0.5 to 5 pm with a filtering
time of 10 to 25 sec/100 m1. The main dope has a much lower
particle concentration than that of a loading solution and is
therefore free from a rapid rise in filtration pressure attributed
to the attachment of the aggregates during the filtration.
[0203] If necessary, large aggregates are removed using a
filter from a vessel charged with the acrylic particles. The
resulting solution is sent to a stock vessel. Then, the loading
solution of the acrylic particles are added from the stock
vessel to a main dope dissolution vessel. Then, the main dope
solution is filtered through a main filter. A UV absorber load-
ing solution is added thereto in an in-line manner.

[0204] Inmany cases, the main dope may contain approxi-
mately 10 to 50 mass % of a return material. The return
material may contain acrylic particles. In such a case, it is
preferred to control the amount of the loading solution of the
acrylic particles added according to the amount of the return
material added.

[0205] Theloading solution ofthe acrylic particles contains
preferably 0.5 to 10 mass %, more preferably 1 to 10 mass %,
most preferably 1 to 5 mass % of the acrylic particles. The
loading solution containing the acrylic particles within the
range described above is preferred because this loading solu-
tion is easily handleable because of its low viscosity and can
be easily added to the main dope.

[0206] The return material refers to a finely crushed polar-
izer protective film; a film from which both sides have been
cut off during the formation of the polarizer protective film or
araw polarizer protective film that has fallen outside of speci-
fications due to scratches can be used as the return material.
[0207] Alternatively, the acrylic resin, the cellulose ester
resin, and optionally, the acrylic particles may be kneaded in
advance for pelleting, and this pellet can be preferably used as
the return material.

[0208] 2) Casting Step

[0209] This step involves sending the dope through a liquid
feed pump (e.g., a pressurization-type metering gear pump) to
a pressure die and casting the dope from the pressure die slit
to a casting position on a metal support such as an endless
metal belt capable of infinite transport, for example, a stain-
less belt, or a rotary metal drum.

[0210] A preferred pressure die has an adjustable slit shape
of the mouthpiece and can easily offer a uniform film thick-
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ness. Any of coat hanger dies, T-dies, and the like can be
preferably used as the pressure die. The metal support has a
specular surface. In order to increase a film forming rate, two
or more pressure dies may be provided on the metal support.
In such a case, the dope is dispensed to the dies to form a
layered film. Altematively, a film having a layered structure
may be preferably obtained by a co-casting method which
involves simultaneously casting a plurality of dopes.
[0211] 3) Solvent Evaporation Step
[0212] This step involves heating the web (a dope film
formed by casting the dope onto the support for casting is
called a web) on the support for casting to evaporate the
solvent.
[0213] The solvent can be evaporated by, for example, a
method which involves blowing air to the web and/or a
method which involves transferring heat to the web from the
back surface of the support using a liquid or a method which
involves transferring heat to the web from its front and back
surfaces using radiation heat. The method which involves
transferring heat to the web from the back surface of the
support using a liquid is preferred because of its high drying
efficiency. These methods are also preferably used in combi-
nation. Preferably, the web on the support after casting is
dried on the support in an atmosphere 0f 40° C. to 100° C. For
keeping the web in an atmosphere of 40° C. to 100° C., it is
preferred to expose the upper surface of the web to hot air of
this temperature or heat the web by infrared rays or other
means.
[0214] Preferably, the web is peeled from the support
within 30 to 120 seconds from the viewpoint of surface qual-
ity, moisture permeability, and peel properties.
[0215] 4) Peeling Step
[0216] This step involves peeling the web at a peeling posi-
tion on the metal support after solvent evaporation. The
peeled web is sent to the next step.
[0217] Thetemperature at the peeling position on the metal
support is preferably 10° C. to 40° C., more preferably 11° C.
to 30° C.
[0218] Preferably, the web on the metal support, when
peeled therefrom, has 50 to 120 mass % residual solvents,
depending on strong or weak drying conditions, the length of
the metal support, etc. A web having a larger amount of
residual solvents may be too soft when peeled. Such a web
tends to lose flatness during peeling and is thus prone to
wrinkles or lines extending lengthwise, due to peeling ten-
sion. Thus, the amount of residual solvents in the web during
peeling is determined depending on the balance between
production efficiency and quality.
[0219] The amount of residual solvents in the web is
defined by the following equation:

Amount (%) of residual solvents=(Mass of the web

before heat treatment-Mass of the web after heat

treatment)/(Mass of the web after heat treat-
ment)x100

[0220] The heat treatment for measuring the amount of
residual solvents refers to heat treatmentat 115° C. for 1 hour.
[0221] The film is peeled from the metal support at a peel-
ing tension of usually 196 to 245 N/m. A film that is apt to be
wrinkled during peeling is preferably peeled at a tension of
190 N/m or lower or preferably peeled at the minimum pos-
sible tension to 166.6 N/m and subsequently at the minimum
possible tension to 137.2 N/m. Particularly preferably, the
film is peeled at the minimum possible tension to 100 N/m.
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[0222] Inthe presentinvention, the temperature at the peel-
ing position on the metal support is set to preferably —50° C.
to 40° C., more preferably 10° C. to 40° C., most preferably
1510 30° C.

[0223] 5) Drying and Stretching Step

[0224] The web thus peeled is dried using a drying appara-
tus where the web is conveyed by passing the web between a
series of rolls disposed therein by turns or using a tenter
stretching apparatus where the web is conveyed with its both
ends clipped.

[0225] Common drying means involves blowing hot air to
both surfaces of the web. Alternative means involves heating
the web by exposure to microwave instead of air. Too rapid
drying tends to impair the flatness of the resulting film. Pref-
erably, drying at a high temperature is started when the
amount of residual solvents reaches 8 mass % or lower. The
web is generally dried at 40° C. to 250° C. as a whole.
Particularly preferably, the web is dried at 40° C. to 160° C.
[0226] In the case of using the tenter stretching apparatus,
an apparatus is preferably used that can control the right-side
and left-side clamping lengths (distance from the start of
clamping to the finish of clamping) of the film each individu-
ally by the clamping means on both sides of the tenter. In the
tentering step, zones intentionally having different tempera-
tures are also preferably created in order to improve flatness.
[0227] Also preferably, a neutral zone is provided between
the zones having different temperatures in order to prevent
these zones from interfering with each other.

[0228] The stretching operation may be performed in
divided stages and is also preferably performed both in the
casting direction and in the width direction (biaxial stretch-
ing). The biaxial stretching may be performed at once or in
stages.

[0229] The phrase “in stages” may mean that, for example,
stretching is performed in different directions sequentially
and may mean that stretching in the same direction is divided
into two or more stages while stretching in a direction differ-
ent therefrom is added to any of the stages. Specifically, the
stretching step may be performed, for example, as follows:
[0230] Stretching in the casting direction—Stretching in
the width direction—=Stretching in the casting
direction—Stretching in the casting direction

[0231] Stretching in the width direction—Stretching in the
width direction—Stretching in the casting
direction—Stretching in the casting direction

[0232] The simultaneous biaxial stretching also includes
the case where the film is stretched in one direction and
contracted in the other direction with tension relaxed. Pref-
erably, the simultaneous biaxial stretching is performed at a
stretch ratio in the range of x1.01 to x1.5 both in the width
direction (transverse direction: TD) and in the casting direc-
tion (machine direction: MD).

[0233] Preferably, the film stretching conditions are
adjusted so that the film has a birefringence (nx-ny) under
stress of O under any tensile stress applied thereto in the range
of 5 MPa to 35 MPa. For this purpose, the film stretching
conditions are preferably set according to the mixing ratio
between the acrylic resin (A) having a negative photoelastic
coefficient ¢ and the cellulose ester resin (B) having a positive
photoelastic coefficient ¢. In the case of, for example, 90/10
mixing ratio (A)/(B) between the acrylic resin (A) and the
cellulose ester resin (B) having a positive photoelastic coef-
ficient c, the film stretch ratio is preferably set to x1.01 to
x1.50 for the film casting direction (MD direction).
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[0234] Preferably, the web to be tentered has 20 to 100 mass
% residual solvents at the start of tentering and is dried under
tentering until the amount of residual solvents reaches 10
mass % or lower, more preferably 5 mass % or lower.
[0235] Thedrying temperature in the tentering is preferably
30° C. to 160° C., more preferably 50° C. to 150° C., most
preferably 70° C. to 140° C.

[0236] In the tentering step, a low ambient temperature
distribution in the width direction is preferred from the view-
point of enhancing the homogeneity of the film. The tempera-
ture distribution in the width direction in the tentering step is
preferably within +5° C., more preferably within +2° C., most
preferably within +1° C.

[0237] 6) Rolling Up Step

[0238] This step involves, after the amount of residual sol-
vents reaches 2 mass % or lower, rolling up the web as a
polarizer protective film using a roll up device. A film wound
when having 0.4 mass % or less residual solvents can have
favorable dimensional stability. Particularly preferably, a film
having 0.00 to 0.10 mass % residual solvents is wound.
[0239] A roll-up method generally used may be used in the
present invention. For example, constant torque, constant
tension, taper tension, and program tension control (internal
stress is kept constant) methods can be selected according to
use.

[0240] The polarizer protective film of the present inven-
tion is preferably a long film, which specifically refers to a
film of approximately 100 m to 5000 m usually provided in a
roll form. The film has a width of preferably 1.3 to 4 m, more
preferably 1.4 to 2 m.

[0241] The polarizer protective film of the present inven-
tion has a thickness of, but not limited to, preferably 20 to 200
um, more preferably 25 to 100 pm, particularly preferably 30
to 80 pm.

[0242] Regarding Polarizer Protective Films F1 and F4
[0243] Polarizer protective films 44 (F1) and 66 (F4) can
each be any transparent resin film without limitations and are
preferably thermoplastic resins. Preferred examples of such
thermoplastic resins include cellulose ester films. Polarizer
protective films 44 (F1) and 66 (F4) may further have other
optical functions such as antireflective layers.

[0244] The cellulose ester films may be the cellulose ester
films mentioned above or may be commercially available
cellulose ester films without limitations. Examples of the
commercially available products include cellulose ester films
(e.g., Konica Minolta TAC KC8UX, KC4UX, KC5UX,
KCRUY, KC4UY, KCI2UR, KC8UCR-3, KC8UCR-4,
KC8UCR-5, KC8UE, KC4UE, KC4FR-3, KC4FR-4,
KC4HR-1, KC8UY-HA, and KC8UX-RHA, all manufac-
tured by Konica Minolta Opto, Inc.).

[0245] Polarizer protective films 44 (F1) and 66 (F4) each
have a thickness of, but not limited to, approximately 10 to
200 um, preferably 10 to 100 um, more preferably 10 to 70
pm.

[0246] Each polarizing plate can be produced by bonding
the polarizer with the corresponding polarizer protective
films (F1 to F4) mentioned above. For example, first polariz-
ing plate 40 can be produced through the step of bonding
polarizer protective film F1 to one surface of first polarizer 42
via an adhesive and bonding polarizer protective film F2 to
the other surface of first polarizer 42 via an adhesive.

[0247] Theadhesive foruse in bonding has a storage elastic
modulus in the range of preferably 1.0x10* Pa to 1.0x10° Pa
at 25° C. in the form of an adhesive layer. Particularly, a
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curable adhesive that forms a high-molecular-weight product
or a cross-linked product through various chemical reactions
after application of the adhesive and bonding is preferably
used.

[0248] Specific examples of the adhesive include: curable
adhesives such as urethane-based adhesives, epoxy-based
adhesives, water-based polymer isocyanate-based adhesives,
and thermosetting acrylic adhesives; anaerobic adhesives
such as moisture-curable urethane adhesives, polyether meth-
acrylate types, ester-based methacrylate types, and oxidation-
type polyether methacrylate; cyano acrylate-based instant
adhesives; and acrylate/peroxide-based two-component
instant adhesives. These adhesives may be of one-component
type or may be of type in which two or more component are
mixed for use.

[0249] Among them, a photocurable adhesive is preferred.
[0250] The above adhesive may be a solvent-based adhe-
sive having an organic solvent as a medium, may be a water-
based adhesive such as an emulsion-, colloidal dispersion-, or
aqueous solution-type adhesive, which contains a medium
composed mainly of water, or may be a solvent-free adhesive.
The concentration of the adhesive in a solution can be appro-
priately determined according to the film thickness of the
resulting adhesive layer, a coating method, coating condi-
tions, etc. and is usually 0.1 to 50 mass %.

[0251] Hereinafter, the method for preparing each polariz-
ing plate using the photocurable adhesive will be described.
[0252] The polarizing plate can be produced by a method
which involves: an adhesive coating step of coating at least
one of the surfaces of the polarizer and each polarizer protec-
tive film to be bonded, with the photocurable adhesive
described below; a bonding step of bonding the polarizer with
the polarizer protective film via the obtained coating layer of
the photocurable adhesive; and a curing step of curing the
coating layer of the photocurable adhesive.

[0253] Adhesive Application Step

[0254] The adhesive application step involves coating at
least one of the surfaces of the polarizer and each protective
film to be bonded, with the photocurable adhesive. The sur-
face of the polarizer or the protective film may be coated
directly with the photocurable adhesive by any coating
method without limitations. For example, various coating
systems such as doctor blades, wire bars, die coaters, comma
coaters, and gravure coaters can be used. An alternative
method that may be used involves casting the photocurable
adhesive to between the polarizer and the protective film and
then uniformly spreading the adhesive by pressurization
using rolls or the like.

[0255] Bonding Step

[0256] The bonding step involves laminating the polarizer
protective film to the photocurable adhesive applied to the
surface of, for example, the polarizer in the preceding adhe-
sive coating step. Alternatively, the bonding step involves
laminating the polarizer to the photocurable adhesive applied
to the surface of the polarizer protective film. Alternatively,
this step involves laminating the polarizer and the polarizer
protective film with the photocurable adhesive casted to
between the polarizer and the protective film. The polarizer
may be bonded at both surfaces with polarizer protective
films using the photocurable adhesive for both surfaces. In
such a case, both surfaces of the polarizer are laminated with
the polarizer protective films via the photocurable adhesive.
In this state, the resulting laminate is usually sandwiched
between rolls or the like and pressurized from both surfaces
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(from the polarizer side and the protective film side in the case
of the polarizer laminated at one surface with the protective
film or from both protective film sides in the case of the
polarizer laminated at both surfaces with the protective films)
The rolls may be made of a material such as metal or rubber.
The rolls to be disposed on both surfaces may be made of the
same materials or different materials.

[0257] Curing Step

[0258] The curing step involves curing the coating layer of
the photocurable adhesive disposed between the polarizer and
each polarizer protective film by irradiation with actinic
radiation. Specifically, a cationically polymerizable com-
pound such as an epoxy compound or an oxetane compound
contained in the coating layer of the photocurable adhesive is
cured to form an adhesive layer containing a cured product of
the cationically polymerizable compound between the polar-
izer and the polarizer protective film. The polarizer and the
polarizer protective film are thereby bonded together.

[0259] In the case of the polarizer bonded at one surface
with the protective film, the coating layer of the photocurable
adhesive may be irradiated with actinic radiation either from
the polarizer side or from the protective film side. In the case
of the polarizer bonded at both surfaces with the polarizer
protective films, the polarizer bonded at both surfaces with
the polarizer protective films via the photocurable adhesive is
advantageously irradiated, in this state, with actinic radiation
from either polarizer protective film side to simultaneously
cure the photocurable adhesive on both surfaces. Either pro-
tective film, however, may contain a UV absorber (e.g.,in the
case of using a cellulose-based resin film containing a UV
absorber as either protective film), and the actinic radiation
may be UV rays. In such a case, the irradiation is usually
performed with the UV rays from the UV absorber-free pro-
tective film side.

[0260] The actinic radiation can be visible rays, UV rays,
X-rays, electron beams, or the like. UV rays are generally
preferred because of easy handling and a sufficient curing
rate. A light source used for the actinic radiation can be, but
not limited to, a light source having an emission distribution
at a wavelength of 400 nm or lower, for example, a low-
pressure mercury lamp, a medium-pressure mercury lamp, a
high-pressure mercury lamp, an ultrahigh-pressure mercury
lamp, a chemical lamp, a black-light lamp, a microwave-
powered mercury lamp, a metal halide lamp, or a LED lamp.
[0261] The light irradiation intensity for the photocurable
adhesive is not particularly limited and set according to the
composition of the photocurable adhesive, and preferably set
so that irradiation intensity in a wavelength region effective
for the activation of the polymerization initiator is 1 to 3,000
mW/em? in terms of UV-B (mid-wavelength UV rays of 280
to 320 nm). Irradiation intensity lower than 1 mW/cm?
requires too long a time for the reaction. By contrast, irradia-
tion intensity exceeding 3,000 mW/cm? might cause yellow-
ing of the photocurable adhesive or detetioration of the polar-
izer due to heat of radiation from the lamp and heat generated
during the polymerization of the photocurable adhesive.
[0262] Thelightirradiation time for the photocurable adhe-
sive is not particularly limited and set according to the com-
position of the photocurable adhesive, and preferably set so
that the integrated quantity of light indicated by the product of
irradiation intensity and irradiation time is 10 to 5000
mlJ/em?. An integrated quantity of light lower than 10 mJ/cn1®
might insufficiently produce active species derived from the
polymerization initiator, resulting in the insufficient curing of
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the adhesive. By contrast, an integrated quantity of light
exceeding 5000 mJ/cm® requires a very long time for the
irradiation and is thus disadvantageous in improving produc-
tivity.

[0263] Preferably, the photocurable adhesive is cured by
irradiation with actinic radiation under conditions that do not
reduce the degree of polarization, transmittance, and hue of
the polarizer, the transparency of the protective film, etc.

[0264] The adhesive layer thus obtained in the polarizing
plate has a thickness of, but not limited to, usually 50 pm or
smaller, preferably 20 um or smaller, even more preferably 10
or smaller, further preferably 5 pm or smaller.

[0265] Preferred examples of the photocurable adhesive for
bonding the polarizer with each polarizer protective film
include a photocurable adhesive composition containing the
following components (ct) to (9):

[0266] () a cationically polymerizable compound,
[0267] (p) a cationic photoinitiator,
[0268] (y) a photosensitizer that exhibits the maximum

absorption of light having a wavelength longer than 380 nm,
and

[0269] (8) a naphthalene-based photosensitization pro-
moter.

[0270] Cationically Polymerizable Compound (ct)

[0271] The cationically polymerizable compound (ct),

which serves as a main component of the photocurable adhe-
sive composition and imparts adhesion thereto as a result of
polymerization and curing, can be any compound that is
cured by cationic polymerization and particularly preferably
contains an epoxy compound having at least two epoxy
groups in the molecule. The epoxy compound includes, for
example, an aromatic epoxy compound having an aromatic
ring in the molecule, an alicyclic epoxy compound having, in
the molecule, at least two epoxy groups, at least one of which
is bound to an alicyclic ring, and an aliphatic epoxy com-
pound having no aromatic ring in the molecule and having a
ring (usually, an oxirane ring) containing an epoxy group and
two carbon atoms bound thereto, one of which is bound to
another aliphatic carbon atom. For the photocurable adhesive
composition used in the present invention, the cationically
polymerizable compound (c.) is particularly preferably com-
posed mainly of an aromatic ring-free epoxy resin, particu-
larly, an alicyclic epoxy compound. Use of the cationically
polymerizable compound composed mainly of an alicyclic
epoxy compound offers a cured product having a high storage
elastic modulus. A polarizing plate having the polarizer
bonded with each protective film via an adhesive layer con-
taining the cured product does not easily crack.

[0272] As described above, the alicyclic epoxy compound
has, in the molecule, at least two epoxy groups, at least one of
which is bound to an alicyclic ring. In this context, the phrase
“epoxy group is bound to an alicyclic ring” means that, as
shown in formula (V) below, two bonds of the epoxy group
(—O—) are respectively bound directly to two carbon atoms
(usually, adjacent carbon atoms) constituting the alicyclic
ring. In formula (V), m represents an integer of 2 to 5.
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15
-continued
[Formula 4] 1, H, (V-5)
W) C +0—Y*5—0—C
/\
Cf Do o o
Rl2 RI3
(V-6)
[0273] A compound in which the group of formula (V) 22_ 0— vV — O_Eb
except for one or more hydrogen atoms of (CH,,),, is bound to
another chemical structure can serve as the alicyclic epoxy
compound. A hydrogen atom constituting the alicyclic ring o 0
may be appropriately replaced with a linear alkyl group such 14/ X
. K R RIS
as amethyl or ethyl group. Among others, acompound having
an epoxycyclopentane ring [represented by formula (V) o 0 o V-7
where m=3] or an epoxycyclohexane ring [represented by
formula (V) where m=4] is preferred. s \ ' N4 o
[0274] Among these alicyclic epoxy compounds, a com- Wv-9)
pound represented by any of the following formulas (V-1) to 0 0 RO
(V-11) is more preferred because the compound is easily X
available and largely effective for enhancing the storage elas- X
tic modulus of the cured product: R 0 0
(V-9)
0]
[Formula 5] ) N4
(V-l) RZO
O, O .
" (V-10)
0—Y!l—0 (0] o]
0O (0] RZIV/\]/ \E/S/Rzz
24 X (v-11)
R3 R4 O&
(V-2
\R24
[0) o 0
H;
o—v? - o—c’ /
R23
0] O
pZe X [0275] In these formulas, R' to R** each independently
R R represent a hydrogen atom or a C,_¢ alkyl group. The alkyl
(V-3)

group represented by any of R! to R** is bound at any of
positions 1 to 6 to the alicyclic ring. The C, ¢ alkyl group may
be linear or branched and may have an alicyclic ring. Y®
represents an oxygen atom or a C,_,, alkanediyl group. Y* to
RE Y’ each independently represent a C, ,, alkanediyl group
which may be linear or branched and may have an alicyclic
ring. n, p, ¢, and r each independently represent any number
of 0 to 20.

[0276] Ofthe compounds represented by formulas (V-1) to
(V-11), the alicyclic diepoxy compound represented by for-
mula (V-2) is preferred because the compound is easily avail-
0 able. The alicyclic diepoxy compound of formula (V-2) is an
N esterification product of 3,4-epoxycyclohexylmethanol
Y (whose cyclohexane ring may be bound to a C,_ alkyl group)
(V-4) and 3,4-epoxycyclohexanecarboxylic acid (whose cyclohex-
ane ring may be bound to a C,_ alkyl group). Specific

examples thereof include the following compounds:
[0277] 3.4-epoxycyclohexylmethyl 3,4-epoxycyclohexan-
ecarboxylate [compound represented by formula (V-2) where

0 0 R>—R®=H and n=0] and 3,4-epoxy-6-methylcyclohexylm-
4 X ethyl 3,4-epoxy-6-methylcyclohexanecarboxylate [com-
RI0 RY pound represented by formula (V-2) where R3=6-methyl,

RO=6-methyl, and n=0].
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[0278] The alicyclic epoxy compound is also effectively
used in combination with an epoxy compound substantially
free from an alicyclic epoxy group. A cationically polymer-
izable compound that contains the alicyclic epoxy compound
as a main component and further contains the epoxy com-
pound substantially free from an alicyclic epoxy group can
enhance the storage elastic modulus of the cured product and
can further enhance the adherence between the polarizer and
the protective film. The “epoxy compound substantially free
from an alicyclic epoxy group” is preferably a compound
(aliphatic epoxy compound) having a ring (usually, an
oxirane ring ) containing, in the molecule, an epoxy group and
two carbon atoms bound thereto, one of which is bound to
another aliphatic carbon atom. Examples thereof include
polyglycidyl ethers of polyhydric alcohols (phenols). Among
them, a diglycidyl ether compound represented by the follow-
ing formula (V1) is preferred because the compound is easily
available and largely effective for enhancing the adherence
between the polarizer and the protective film.

[Formula 6]
(VD
H H,
,C —0—X—0—CcC,
6] 0]
[0279] In formula (VI), X represents a direct bond, a meth-

ylene group, a C,_, alkylidene group, an alicyclic hydrocar-
bon group, O, 8, SO,, S8, SO, CO, OCO, or a substituent
selected from the group consisting of three substituents rep-
resented by the following formulas, and the alkylidene group
may be substituted by a halogen atom:

[Formula 7]

(D)
/ Q
(]

[0280] In these formulas, R* and R*¢ each independently
represent a hydrogen atom, a C, 5 alkyl group, aphenyl group
which may be substituted by a C,_,, alkyl group or an alkoxy
group, or a C;_|, cycloalkyl group which may be substituted
byaC,_,,alkyl group oran alkoxy group. R*>* and R*® may be
linked to each other to form a ring. A and D each indepen-
dently represent a C, , , alkyl group which may be substituted
by a halogen atom, a Cg_, aryl group which may be substi-
tuted by a halogen atom, a C,_,, arylalkyl group which may be
substituted by a halogen atom, a C,_,, heterocyclic group
which may be substituted by a halogen atom, or a halogen
atom. A methylene group in these alkyl, aryl, and arylalkyl
groups may be interrupted by an unsaturated bond, —O—, or
—S—. a represents any number of 0 to 4. d represents any
number of 0 to 4.

[0281] Examples of the diglycidyl ether compound of for-
mula (V1) include: bisphenol-type epoxy resins such as dig-
lycidyl ether of bisphenol A, diglycidy] ether of bisphenol F,
and diglycidyl ether of bisphenol S; polyfunctional epoxy

(A \/

N/

RZS R26

Mar. 13,2014

resins such as glycidyl ether of tetrahydroxyphenylmethane,
glycidyl ether of tetrahydroxybenzophenone, and epoxidized
polyvinylphenol; polyglycidyl ethers of aliphatic polyhydric
alcohols; polyglycidyl ethers of alkylene oxide adducts of
aliphatic polyhydric alcohols; and diglycidy! ethers of alky-
lene glycols. Among them, polyglycidyl ether of an aliphatic
polyhydric alcohol is preferred because it is easily available.
[0282] Examples of the aliphatic polyhydric alcohol
include C,_,, aliphatic polyhydric alcohols and more specifi-
cally include: aliphatic diols such as ethylene glycol, 1,2-
propanediol, 1,3-propanediol, 2-methyl-1,3-propanediol,
2-butyl-2-ethyl-1,3-propanediol, 1,4-butanediol, neopentyl
glycol, 3-methyl-2,4-pentanediol, 2,4-pentanediol, 1,5-pen-
tanediol,  3-methyl-1,5-pentanediol,  2-methyl-2,4-pen-
tanediol, 2,4-diethyl-1,5-pentanediol, 1,6-hexanediol, 1,7-
heptanediol, 3,5-heptanediol, 1,8-octanediol, 2-methyl-1,8-
octanediol, 1,9-nonanediol, and 1,10-decanediol; alicyclic
diols such as cyclohexanedimethanol, cyclohexanediol,
hydrogenated bisphenol A, and hydrogenated bisphenol F;
and trivalent or higher polyols such as trimethylolethane,
trimethylolpropane, hexitols, pentitols, glycerin, polyglyc-
erin, pentaerythritol, dipentaerythritol, and tetramethylolpro-
pane.

[0283] The alicyclic epoxy compound and the epoxy com-
pound substantially free from an alicyclic epoxy group can be
used in combination at a mixing ratio of preferably 50 to 95 wt
% of the alicyclic epoxy compound and 5 wt % or more of the
epoxy compound substantially free from an alicyclic epoxy
group with respect to the total amount of the cationically
polymerizable compound. The cationically polymerizable
compound containing 50 wt % or more of the alicyclic epoxy
compound with respect to the total amount thereof offers a
cured product having a storage elastic modulus of 1,000 MPa
or larger at 80° C. A polarizing plate having the polarizer
bonded with the protective film via an adhesive layer contain-
ing such a cured product is difficult to crack. The cationically
polymerizable compound containing 5 wt % or more of the
epoxy compound substantially free from an alicyclic epoxy
group with respect to the total amount thereof improves the
adherence between the polarizer and the protective film. The
cationically polymerizable compound consisting of two com-
ponents, i.e., the alicyclic epoxy compound and the epoxy
compound substantially free from an alicyclic epoxy group,
can contain 50 wt % of the epoxy compound substantially free
from an alicyclic epoxy group with respect to the total amount
thereof and preferably contains 45 wt % or less of the epoxy
compound substantially free from an alicyclic epoxy group
with respect to the total amount thereof for preventing the
resulting polarizing plate from being cracked due to a low
storage elastic modulus of the cured product.

[0284] In the case of using the alicyclic epoxy compound
and the epoxy compound substantially free from an alicyclic
epoxy group in combination as the cationically polymeriz-
able compound (o) constituting the photocurable adhesive
composition, the component () may further contain an addi-
tional cationically polymerizable compound so that the
amounts of these epoxy compounds fall within the respective
ranges described above. Examples of the additional cationi-
cally polymerizable compound include epoxy compounds
other than the compounds of formulas (V-1) to (V-11) and
(VI), and oxetane compounds.

[0285] The epoxy compounds other than the compounds of
formulas (V-1) to (V-11) and (VI) can be alicyclic epoxy
compounds other than the compounds of formulas (V-1) to
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(V-11), aliphatic epoxy compounds other than the com-
pounds of formula (VI), aromatic epoxy compounds, aro-
matic epoxy compounds having a hydrogenated aromatic
ring (hydrogenated epoxy compounds), or the like.

[0286] Examples of the alicyclic epoxy compounds other
than the compounds of formulas (V-1) to (V-11) include
4-vinylcyclohexene diepoxide and diepoxides of vinylcyclo-
hexenes such as 1,2:8,9-diepoxylimonene.

[0287] Examples of the aliphatic epoxy compounds other
than the compounds of formula (V) include triglycidy! ether
of glycerin, triglycidyl ether of trimethylolpropane, and dig-
lycidyl ether of polyethylene glycol.

[0288] The aromatic epoxy compounds can be glycidyl
ethers of aromatic polyhydroxy compounds each having at
least two phenolic hydroxy groups in the molecule. Specific
examples thereof include diglycidyl ether of bisphenol A,
diglycidyl ether of bisphenol F, diglycidyl ether of bisphenol
S, and glycidyl ether of phenol novolac resin.

[0289] The aromatic epoxy compounds having a hydroge-
nated aromatic ring (hydrogenated epoxy compounds) can be
glycidyl etherification products of hydrogenated polyhy-
droxy compounds obtained through the selective hydrogena-
tion reaction of aromatic polyhydroxy compounds (which are
starting materials for the aromatic epoxy compounds
described above) each having at least two phenolic hydroxy
groups in the molecule under pressure in the presence of a
catalyst. Specific examples thereof include diglycidyl ether of
hydrogenated bisphenol A, diglycidyl ether of hydrogenated
bisphenol F, and diglycidy] ether of hydrogenated bisphenol
S.

[0290] Theepoxy compounds other than the compounds of
formulas (V-1) to (V-11) and (VI) may be alicyclic epoxy
compounds. In such a case, it is preferred that the total sum of
the alicyclic epoxy compound and the alicyclic epoxy com-
pound represented by any of formulas (V-1) to (V-11) should
not exceed 95 wt % with respect to the total amount of the
cationically polymerizable compound.

[0291] The oxetane compound that may serve as the
optional cationically polymerizable compound can be a com-
pound having 4-membered ring ether (oxetanyl group) in the
molecule. Specific examples thereof include the following

compounds:

[0292] 3-ethyl-3-hydroxymethyloxetane,

[0293] 1,4-bis[(3-ethyl-3-oxetanyl)methoxymethyl|ben-
zene,

[0294] 3-ethyl-3-(phenoxymethyl)oxetane,

[0295] di [(3-ethyl-3-oxetanyl)methyl]ether,

[0296] 3-ethyl-3-(2-ethylhexyloxymethyl)oxetane,

[0297] 3-ethyl-3-(cyclohexyloxymethyljoxetane,

[0298] phenol novolac oxetane,

[0299] 1,3-bis[(3-ethyloxetan-3-yl)methoxy]benzene,

[0300] oxetanyl silsesquioxane, and

[0301] oxetanyl silicate.

[0302] The cationically polymerizable compound further

containing 30 wt % or less of the oxetane compound with
respect to the total amount thereof can enhance the curability
of the photocurable adhesive, compared with the cationically
polymerizable compound containing only the epoxy com-
pounds.

[0303] Cationic Photoinitiator ()

[0304] The cationically polymerizable compound is cat-
ionically polymerized and cured by irradiation with actinic
radiation to form an adhesive layer. Thus, the photocurable
adhesive composition contains a cationic photoinitiator ([3).
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[0305] Upon irradiation with actinic radiation such as vis-
ible rays, UV rays, X-rays, or electron beams, the cationic
photoinitiator generates cationic species or Lewis acid to start
the polymerization reaction of the cationically polymerizable
compound (cc). The cationic photoinitiator acts catalytically
by light and is therefore excellent in storage stability and
workability even after being mixed with the cationically poly-
merizable compound (ct). Examples of such a compound that
generates cationic species or Lewis acid upon irradiation with
actinic radiation include: aromatic diazonium salts; onium
salts such as aromatic iodonium salts and aromatic sulfonium
salts; and iron-allene complexes.

[0306] Examples of the aromatic diazonium salts include
the following compounds:

[0307] benzenediazonium hexafluoroantimonate,

[0308] benzenediazonium hexafluorophosphate, and
[0309] benzenediazonium hexafluoroborate.

[0310] Examples of the aromatic iodonium salts include the
following compounds:

[0311] diphenyliodonium tetrakis(pentafluorophenyl)bo-
rate,
[0312] diphenyliodonium hexafluorophosphate,

[0313] diphenyliodonium hexafluoroantimonate, and
[0314] di(4-nonylphenyl)iodonium hexafluorophosphate.
[0315] Examples of the aromatic sulfonium salts include

the following compounds:

[0316] triphenylsulfonium hexafluorophosphate,

[0317] triphenylsulfonium hexafluoroantimonate,

[0318] triphenylsulfonium tetrakis(pentafluorophenyl)bo-
rate,

[0319] 4.4'-bis[diphenylsulfonio]diphenylsulfide ~ bish-

exafluorophosphate,

[0320] 4.4'-bis[di(B-hydroxyethoxy)phenylsulfonio]
diphenylsulfide bishexafluoroantimonate,

[0321] 4.4'-bis[di(B-hydroxyethoxy)phenylsulfonio]
diphenylsulfide bishexafluorophosphate,

[0322] 7-[di(p-toluoyl)sulfonio]-2-isopropylthioxanthone
hexafluoroantimonate,

[0323] 7-[di(p-toluoyl)sulfonio]-2-isopropylthioxanthone
tetrakis(pentafluorophenyl)borate,

[0324] 4-phenylcarbonyl-4'-diphenylsulfonio-diphenyl-
sulfide hexafluorophosphate,

[0325] 4-(p-tert-butylphenylcarbonyl)-4'-diphenylsulfo-
nio-diphenylsulfide hexafluoroantimonate, and

[0326] 4-(p-tert-butylphenylcarbonyl)-4'-di(p-toluoyl)sul-
fonio-diphenylsulfide tetrakis(pentafluorophenyl)borate.

[0327] Examples of the iron-allene complexes include the

following compounds:

[0328] xylene-cyclopentadienyl iron(II) hexafluoroanti-
monate,

[0329] cumene-cyclopentadienyl iron(IT) hexafluorophos-
phate, and

[0330] xylene-cyclopentadienyl iron(11) tris(trifluorometh-
ylsulfonyl)methanide

[0331] These cationic photoinitiators () may be used alone

or as a mixture of two or more types. Among them, an aro-

matic sulfonium salt is particularly preferably used because

this salt has UV ray-absorbing properties even in a wave-

length region near 300 nm and can therefore offer a cured

product that is excellent in curability and has favorable

mechanical strength and bond strength.

[0332] The content of the cationic photoinitiator () can be

set to 1 to 10 parts by weight with respect to 100 parts by

weight of the cationically polymerizable compound (). The
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cationically polymerizable compound (o) mixed with 1 part
by weight or higher of the cationic photoinitiator with respect
to 100 parts by weight of the cationically polymerizable com-
pound (c) can be sufficiently cured and imparts high
mechanical strength and bond strength to the resulting polar-
izing plate. By contrast, a larger content of the cationic pho-
toinitiator ([3) increases the amount of ionic substances in a
cured product. The resulting cured product is highly hygro-
scopic and might therefore reduce the durability of the polar-
izing plate. Thus, the content of the cationic photoinitiator ()
can be set to 10 parts by weight or lower with respect to 100
parts by weight of the cationically polymerizable compound
(c0). The content of the cationic photoinitiator (f) is prefer-
ably 2 parts by weight or higher, more preferably 6 parts by
weight or lower, with respect to 100 parts by weight of the
cationically polymerizable compound (c.).

[0333] Photosensitizer (Y)

[0334] The photocurable adhesive composition further
contains a photosensitizer (y) that exhibits the maximum
absorption of light having a wavelength longer than 380 nm,
in addition to the cationically polymerizable compound (c)
and the cationic photoinitiator ([3). The cationic photoinitiator
(P) exhibits the maximum absorption at a wavelength near or
shorter than 300 pm. Upon sensitization with light having a
wavelength in such a region, the cationic photoinitiator ([3)
generates cationic species or Lewis acid to start the cationic
polymerization of the cationically polymerizable compound
(c). The cationic photoinitiator (3) is mixed with the photo-
sensitizer (y) that exhibits the maximum absorption of light
having a wavelength longer than 380 nm so that the resulting
cationic photoinitiator ([3) can also be sensitized with light
having a longer wavelength. An anthracene-based compound
represented by formula (IIT) below is advantageously used as
such a photosensitizer (y). In formula (IIT), R and R° each
independently represent a C, 4 alkyl group ora C,_,, alkoxy-
alkyl group. R” represents a hydrogen atom or a C,_, alkyl

group.

[Formula &]
g}
OR®
R7 ‘O
OR®
[0335] Specific examples of the anthracene-based com-

pound represented by formula (I1) include the following
compounds:

[0336] 9,10-dimethoxyanthracene,

[0337] 9,10-diethoxyanthracene,

[0338] 9,10-dipropoxyanthracene,

[0339] 9,10-diisopropoxyanthracene,

[0340] 9,10-dibutoxyanthracene,

[0341] 9,10-dipentyloxyanthracene,

[0342] 9,10-dihexyloxyanthracene,

[0343] 9,10-bis(2-methoxyethoxy)anthracene,
[0344] 9,10-bis(2-ethoxyethoxy )anthracene,
[0345] 9,10-bis(2-butoxyethoxy )anthracene,
[0346] 9,10-bis(3-butoxypropoxy)anthracene,

Mar. 13,2014

[0347] 2-methyl- or 2-ethyl-9,10-dimethoxyanthracene,
[0348] 2-methyl- or 2-ethyl-9,10-diethoxyanthracene,
[0349] 2-methyl- or 2-ethyl-9,10-dipropoxyanthracene,
[0350] 2-methyl- or 2-ethyl-9,10-diisopropoxyanthracene,
[0351] 2-methyl- or 2-ethyl-9,10-dibutoxyanthracene,
[0352] 2-methyl- or 2-ethyl-9,10-dipentyloxyanthracene,
and
[0353] 2-methyl- or 2-ethyl-9,10-dihexyloxyanthracene.
[0354] The photocurable adhesive composition containing

the photosensitizer (v) as described above has higher curabil-
ity than that of a photocurable adhesive composition free
from the photosensitizer (y). The content of the photosensi-
tizer (y) canbe set t0 0.1 parts by weight or higher with respect
to 100 parts by weight of the cationically polymerizable com-
pound (ct) in order to obtain sufficient curability. By contrast,
too large a content of the photosensitizer () may be deposited
during low-temperature storage. Thus, the content of the pho-
tosensitizer (y) can be set to 2 parts by weight or lower with
respect to 100 parts by weight of the cationically polymeriz-
able compound (c.). For maintaining the neutral gray of the
polarizing plate, it is preferred to reduce the amount of the
photosensitizer (y) mixed to an extent where the adhesion
between the polarizer and the protective film is kept moder-
ate. For example, the content of the photosensitizer (y) is
preferably 0.1 to 0.5 parts by weight, more preferably 0.1 to
0.3 parts by weight, with respect to 100 parts by weight of the
cationically polymerizable compound (c.).

[0355] Naphthalene-Based Photosensitization Promoter
(®)
[0356] The photocurable adhesive composition further

contains a naphthalene-based photosensitization promoter
(8) represented by formula (IV) below, in addition to the
cationically polymerizable compound (), the cationic pho-
toinitiator (), and the photosensitizer (y). In formula (IV), R*
and R? each represent a C,_, alkyl group.

[Formula 9]

v
OR!

OR?

[0357] Specific examples of the naphthalene-based photo-
sensitization promoter (8) include the following compounds:

[0358] 1.4-dimethoxynaphthalene,

[0359] 1-ethoxy-4-methoxynaphthalene,

[0360] 1.4-diethoxynaphthalene,

[0361] 1.4-dipropoxynaphthalene, and

[0362] 1.4-dibutoxynaphthalene.

[0363] The photocurable adhesive composition containing

the naphthalene-based photosensitization promoter (9) has
higher curability than that of a photocurable adhesive com-
position free from the naphthalene-based photosensitization
promoter (9). The content of the naphthalene-based photo-
sensitization promoter (8) can be set to 0.1 parts by weight or
higher with respect to 100 parts by weight of the cationically
polymerizable compound () in order to obtain sufficient
curability. By contrast, a larger content of the naphthalene-
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based photosensitization promoter (8) may be deposited dur-
ing low-temperature storage. Thus, its amount can be set to 10
parts by weight or lower with respect to 100 parts by weight
of the cationically polymerizable compound (o). The content
of the naphthalene-based photosensitization promoter (d) is
preferably S parts by weight or lower with respect to 100 parts
by weight of the cationically polymerizable compound (ct).

[0364] The photocurable adhesive composition may fur-
ther contain an additive as an optional additional component
without impairing the effects of the present invention. The
additive can be a photosensitizer other than the cationic pho-
toinitiator () and the photosensitizer (y) described above, a
cationic thermal initiator, a polyol, an ion trapping agent, an
antioxidant, a light stabilizer, a chain transfer agent, a tacki-
fier, a thermoplastic resin, a filler, a flow adjuster, a plasticizer,
an antifoaming agent, a leveling agent, a dye, an organic
solvent, or the like.

[0365] The photocurable adhesive composition containing
the additive has its content of preferably 1000 parts by weight
or lower with respect to 100 parts by weight of the cationi-
cally polymerizable compound (). The content of 1000 parts
by weight or lower rarely impairs the effects of improving
storage stability, preventing change in color, improving a
curing rate, and securing favorable adhesion by the cationi-
cally polymerizable compound (o), the cationic photoinitia-
tor (P), the photosensitizer (v), and the photosensitization
promoter (), which are essential components of the photo-
curable adhesive composition.

[0366] Preferred another example of the adhesive for bond-
ing the polarizer to each polarizer protective film includes a
photocurable adhesive composition essentially containing
the following epoxy compound (ctl), oxetane compound
(a2), and cationic photoinitiator (f1):

[0367] (cl)an epoxy compound having at least two epoxy
groups in the molecule,

[0368] (c2) an oxetane compound having at least one
oxetanyl group in the molecule, and

[0369]

[0370] Preferably, the mass ratio between the epoxy com-
pound (cu1) and the oxetane compound (¢2) is set to on the
order of (a1)/(a2)=90/10 to 10/90. The content of the radical
photoinitiator (1) is preferably approximately 0.5to 20 wt %
in the composition.

[0371] This photocurable adhesive composition can further
contain an unsaturated compound (€) having at least one
ethylenic unsaturated bond in the molecule. In this case,
preferably, the photocurable adhesive composition further
contains a radical photoinitiator (§). This photocurable adhe-
sive composition may further contain a nonpolymerizable
additional component (F).

[0372]

[0373] The epoxy compound (al) in the photocurable
adhesive composition can be any compound that has at least
two epoxy groups in the molecule, without limitations. Gen-
erally known various curable epoxy compounds can be used.
Preferred examples of the epoxy compound (cl) include
compounds (aromatic epoxy compounds) each having at least
two epoxy groups and at least one aromatic ring in the mol-
ecule, and compounds (alicyclic epoxy compounds) each
having, in the molecule, at least two epoxy groups, at least one
of which is formed between two adjacent carbon atoms con-
stituting an alicyclic ring.

(B1) a cationic photoinitiator.

Epoxy Compound (1)
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[0374] Examples of the aromatic epoxy compounds

include, but not limited to:

[0375] bisphenol-type epoxy resins such as diglycidyl
ether of bisphenol A, diglycidyl ether of bisphenol F, and
diglycidyl ether of brominated bisphenol A;

[0376] novolac-type epoxy resins such as phenol novolac-
type epoxy resins and cresol novolac-type epoxy resins;
and

[0377] other epoxy compounds such as biphenyl-type
epoxy resins, hydroquinone diglycidyl ether, resorcin dig-
lycidyl ether, terephthalic acid diglycidy! ester, phthalic
acid diglycidyl ester, epoxidation products of styrene-buta-
diene copolymers, epoxidation products of styrene-iso-
prene copolymers, and addition reaction products of car-
boxylic acid-terminated polybutadiene and bisphenol
A-type epoxy resin.

[0378] The epoxy resin refers to a compound (including a
monomet, an oligomer, and a polymer) that has two or more
epoxy groups on average in the molecule and 1s cured through
reaction.
[0379] Examples of the alicyclic epoxy compounds
include, but not limited to, compounds each having at least
one epoxidized cyclohexyl group, such as dicyclopentadiene
dioxide, limonene dioxide, 4-vinylcyclohexene dioxide, 3,4-
epoxycyclohexylmethyl 3,4-epoxycyclohexanecarboxylate,
and bis(3,4-epoxycyclohexylmethyl) adipate.
[0380] Examples of the epoxy compound (c.l) also
include: aliphatic epoxy compounds such as 1,6-hexanediol
diglycidyl ether, trimethylolpropane triglycidyl ether, pen-
taerythritol tetraglycidyl ether, and polytetramethylene gly-
col diglycidyl ether; epoxy compounds having a hydroge-
nated aromatic ring, such as diglycidyl ether of hydrogenated
bisphenol A; and polymeric epoxy compounds such as
hydroxyl-terminated (on both sides) polybutadiene com-
pounds having both glycidyl etherified ends, internal epoxi-
dation products of polybutadiene, styrene-butadiene copoly-
mer compounds having partially epoxidized double bonds
[e.g., “Epofriend” manufactured by Daicel Corp.], and poly-
isoprene block copolymer compounds of ethylene-butylene
copolymers having partially epoxidized isoprene units (e.g,,
“L-207" manufactured by Kraton Polymers).
[0381] Among them, an aromatic epoxy compound is pre-
ferred because this compound can impart favorable durability
to the polarizing plate and further offer the favorable adhesion
between the polarizer and the protective film. Preferred
examples of the aromatic epoxy compound include glycidyl
ethers of aromatic compounds and glycidyl esters of aromatic
compounds. Specific examples of the glycidyl ethers of aro-
matic compounds preferably include: bisphenol-type epoxy
resins such as diglycidyl ether of bisphenol A, diglycidyl
ether of bisphenol F, and diglycidyl ether of brominated
bisphenol A; novolac-type epoxy resins such as phenol
novolac-type epoxy resins and cresol novolac-type epoxy
resins; biphenyl-type epoxy resins; hydroquinone diglycidyl
ether; and resorcin diglycidyl ether. Specific examples of the
glycidyl esters of aromatic compounds preferably include
terephthalic acid diglycidyl ester and phthalic acid diglycidyl
ester.

[0382] Among them, glycidyl ether of an aromatic com-

pound is particularly preferred because of the favorable

adherence between the polarizer and the protective film and
the favorable durability of the polarizing plate. The glycidyl
ether of an aromatic compound can be preferably diglycidyl

ether of bisphenol A, diglycidyl ether of bisphenol F, or a

phenol novolac-type epoxy resin.
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[0383] These epoxy compounds (ct1) may be used alone or
as a mixture of two or more types. For example, the epoxy
compound (a1) may be a mixture of two or more types of
aromatic epoxy compounds or may be a mixture of an aro-
matic epoxy compound (main component) and an alicyclic
epoxy compound.

[0384] Oxetane Compound (a2)

[0385] The oxetane compound (t2) in the photocurable
adhesive composition can be any compound that has at least
one oxetanyl group in the molecule, without limitations. Pre-
ferred examples of the oxetane compound (.2) include com-
pounds having one oxetanyl group in the molecule (mono-
functional oxetanes), and compounds having two or more
oxetanyl groups in the molecule (polyfunctional oxetanes).
[0386] Examples of the monofunctional oxetanes include:
alkoxyalkyl group-containing monofunctional oxetanes such
as  3-ethyl-3-(2-ethylhexyloxymethyl)oxetane; aromatic
group-containing monofunctional oxetanes such as 3-ethyl-
3-phenoxymethyloxetane; and hydroxy group-containing
monofunctional oxetanes such as 3-ethyl-3-hydroxymethy-
loxetane.

[0387] Examples of the polyfunctional oxetanes include
the following compounds:

[0388] 3-ethyl-3-[(3-ethyloxetan-3-yl)methoxymethyl]
oxetane,

[0389] 1,4-bis[(3-ethyloxetan-3-yl)methoxymethyl]ben-
zene,

[0390] 1,4-bis[(3-ethyloxetan-3-yl)methoxy]benzene,

[0391] 1,3-bis[(3-ethyloxetan-3-yl)methoxy]benzene,

[0392] 1,2-bis[(3-ethyloxetan-3-yl)methoxy]benzene,

[0393] 4.4'-bis[(3-ethyloxetan-3-yl)methoxy [biphenyl,

[0394] 2,2'-bis[(3-ethyloxetan-3-yl)methoxy [biphenyl,

[0395] 3.3',5,5'-tetramethyl-4,4'-bis[ (3-ethyloxetan-3-yl)

methoxy|biphenyl,

[0396] 2,7-bis[(3-ethyloxetan-3-yl)methoxy]naphthalene,

[0397] bis[4-{(3-ethyloxetan-3-yl)methoxy } phenyl|meth-
ane,

[0398] bis[2-{(3-ethyloxetan-3-yl)methoxy }phenyl|meth-
ane, 2,2-bis[4-{(3-ethyloxetan-3-yl)methoxy} phenyl]pro-
pane,

[0399] ether-modified products of novolac-type phenol-
formaldehyde resins with 3-chloromethyl-3-ethyloxetane,

[0400] 3(4),8(9)-bis[(3-ethyloxetan-3-yl)methoxym-
ethyl]-tricyclo[5.2.1.02,6]decane,

[0401] 2,3-bis[(3-ethyloxetan-3-yl)methoxymethyl]nor-
bornane,

[0402] 1,1,1-tris[(3-ethyloxetan-3-yl)methoxymethyl]pro-
pane,

[0403] 1-butoxy-2,2-bis[(3-ethyloxetan-3-yl)methoxym-
ethyl]butane,

[0404] 1,2-bis[{2-[3-ethyloxetan-3-yl)
methoxy }ethylthio]ethane,

[0405] bis[{4-(3-ethyloxetan-3-yl)methylthio }phenyl]sul-
fide,

[0406] 1,6-bis[(3-ethyloxetan-3-yl)methoxy]-2,2,3,3,4,4,
5,5-octafluorohexane,

[0407] hydrolytic condensates of 3-[(3-ethyloxetan-3-yl)
methoxy|propyltriethoxysilane, and

[0408] condensates of tetrakis [(3-ethyloxetan-3-yl)me-
thyl]silicate.

[0409] Preferably, the oxetane compound (¢2) has a

molecular weight of 500 or lower and is liquid at room tem-

perature from the viewpoint of coating properties and adher-
ence to the protective film in the polarizing plate. Monofunc-
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tional or polyfunctional oxetane having an aromatic ring in
the molecule is preferred for obtaining a polarizing plate
excellent in durability. Examples of such particularly pre-
ferred oxetane compounds include 3-ethyl-3-phenoxymethy-
loxetane,  3-ethyl-3-[(3-ethyloxetan-3-yl)methoxymethyl]
oxetane, and 1,4-bis[(3-ethyloxetan-3-yl)methoxymethyl]
benzene.

[0410] These oxetane compounds (02) may also be used
alone or as a mixture of two or more types.

[0411] Theratio between the epoxy compound (1) and the
oxetane compound (a2) contained in the composition can be
setto (a1)/(a2)=90/10to 10/90 in terms of mass ratio. A ratio
that falls outside the range described above makes it difficult
to produce the effect of curing the photocurable adhesive
composition in a short time. The ratio is preferably (a1)/(c2)
=70/30to 20/80, more preferably 60/40 to 25/75, because the
resulting composition has low viscosity and excellent coating
properties before curing and exhibits sufficient adherence and
flexibility after curing.

[0412] Cationic Photoinitiator ($1)

[0413] The photocurable adhesive composition contains
the epoxy compound (a1) and the oxetane compound (0.2) as
curable components, which are both cured through cationic
polymerization. Thus, the photocurable adhesive composi-
tion further contains a cationic photoinitiator (§1). Upon irra-
diation with actinic radiation such as visible rays, UV rays,
X-rays, or electron beams, the cationic photoinitiator (1)
generates cationic species or Lewis acid to start the polymer-
ization reaction of the epoxy or oxetanyl groups.

[0414] The epoxy compound (cl) and the oxetane com-
pound (a.2) mixed with the cationic photoinitiator (1) can be
cured at ordinary temperature. This can reduce the need of
taking into consideration the heat resistance of the polarizer
or distortion caused by expansion or contraction. The result-
ing composition is capable of favorably bonding the polarizer
to the protective film. The cationic photoinitiator (31) acts
catalytically by irradiation with actinic radiation and is there-
fore excellent in storage stability or workability even after
being mixed with the epoxy compound (al) and the oxetane
compound (a2). Examples of such a compound that gener-
ates cationic species or Lewis acid upon irradiation with
actinic radiation include: aromatic diazonium salts; onium
salts such as aromatic iodonium salts and aromatic sulfonium
salts; and iron-allene complexes.

[0415] Examples of the aromatic diazonium salts include
the following compounds:

[0416] benzenediazonium hexafluoroantimonate,

[0417] benzenediazonium hexafluorophosphate, and
[0418] benzenediazonium hexafluoroborate.

[0419] Examples of the aromatic iodonium salts include the

following compounds:

[0420] diphenyliodonium tetrakis(pentafluorophenyljbo-
rate,

[0421] diphenyliodonium hexafluorophosphate,

[0422] diphenyliodonium hexafluoroantimonate, and

[0423] di(4-nonylphenyl)iodonium hexafluorophosphate.

[0424] Examples of the aromatic sulfonium salts include

the following compounds:

[0425] triphenylsulfonium hexafluorophosphate,

[0426] triphenylsulfonium hexafluoroantimonate,

[0427] triphenylsulfonium tetrakis(pentafluorophenyl)bo-
rate,

[0428] diphenyl[4-(phenylthio)phenyl]sulfonium

hexafluorophosphate,
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[0429] diphenyl[4-(phenylthio)phenyl]sulfonium
hexafluoroantimonate,
[0430] 4.4'-bis(diphenylsulfonio)diphenylsulfide
exafluorophosphate,
[0431] 4.4'-bis[di(p-hydroxyethoxy)phenylsulfonio]
diphenylsulfide bishexafluoroantimonate,
[0432] 4.4'-bis[di(p-hydroxyethoxy)phenylsulfonio]
diphenylsulfide bishexafluorophosphate,
[0433] 7-[di(p-toluoyl)sulfonio]-2-isopropylthioxanthone
hexafluoroantimonate,
[0434] 7-[di(p-toluoyl)sulfonio]-2-isopropylthioxanthone
tetrakis(pentafluorophenyl)borate,
[0435] 4-phenylcarbonyl-4'-diphenylsulfonio-diphenyl-
sulfide hexafluorophosphate,
[0436] 4-(p-tert-butylphenylcarbonyl)-4'-diphenylsulfo-
nio-diphenylsulfide hexafluoroantimonate, and
[0437]  4-(p-tert-butylphenylcarbonyl)-4'-di(p-toluoyl)sul-
fonio-diphenylsulfide tetrakis(pentafluorophenyl)borate.
[0438] Examples of the iron-allene complexes include the
following compounds:
[0439] xylene-cyclopentadienyl iron(II) hexafluoroanti-
monate,
[0440] cumene-cyclopentadienyl iron(IT) hexafluorophos-
phate, and
[0441] xylene-cyclopentadienyl
ethylsulfonyl)methanide.
[0442] These cationic photoinitiators ([3]) may be used
alone or as a mixture of two or more types. Among them, an
aromatic sulfonium salt is preferred because this salt has UV
ray-absorbing properties even in a wavelength region of 300
nm or larger and can therefore offer a cured product that is
excellent in curability and has favorable mechanical strength
and bond strength.
[0443] Thecationic photoinitiator (p1) is easily available as
a commercially available product. Examples thereof include
products under trade names of “Kayarad PCI-220” and
“Kayarad PCI-620” (all manufactured by Nippon Kayaku
Co., Ltd.), “UVI-6992” (manufactured by Dow Chemical
Company), “Adeka Optomer SP-150” and “Adeka Optomer
SP-170” (all manufactured by Adeka Corp.), “CI-5102”,
“CIT-1370", “CIT-1682”, “CIP-1866S”, “CIP-2048S”, and
“CIP-2064S” (all manufactured by Nippon Soda Co., [td.),
“DPI-1017, “DPI-102”, “DPI-103”, “DPI-105”, “MPI-103”,
“MPI-105”, “BBI-1017, “BBI-102”, “BBI-103”, “BBI-105",
“TPS-1017, “TPS-102”, “TPS-103”, “TPS-105”, “MDS-
1037, “MDS-105”, “DTS-102”, and “DTS-103” (all manu-
factured by Midori Kagaku Co., Ltd.), “PI-2074” (manufac-
tured by Rhodia Japan, Ltd), “Irgacure 2507, “Irgacure
PAG103”, “Irgacure PAG108”, “Irgacure PAG121”, and
“Irgacure PAG203” (all manufactured by Ciba Japan K.K.),
and “CPI-100P”, “CPI-101A”, “CPI-200K”, and “CPI-
210S” (all manufactured by San-Apro Ltd.). Particularly,
“UVI-6992” manufactured by Dow Chemical Company or
“CPI-100P”, “CPI-101A”, “CPI-200K”, or “CPI-210S”
manufactured by San-Apro Ltd., which contains diphenyl[4-
(phenylthio)phenyl|sulfonium as a cationic component, is
preferred.
[0444] The content of the cationic photoinitiator (f1) can
fall within the range 0f 0.5 to 20 wt % with respect to the total
amount of the photocurable adhesive composition. The pho-
tocurable adhesive composition having a cationic photoini-
tiator (B 1) content lower than 0.5 wt % is insufficiently cured.
The resulting cured product has low mechanical strength or
bond strength. By contrast, a content exceeding 20 wt %

bish-

iron(ID)-tris(trifluorom-
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increases the amount of ionic substances in a cured product.

The resulting cured product is highly hygroscopic and might

therefore reduce durability.

[0445] Unsaturated compound (€)

[0446] The photocurable adhesive composition may fur-

ther contain, if necessary, an unsaturated compound (€) hav-

ing at least one ethylenic unsaturated bond in the molecule.

Typical examples of the unsaturated compound (€) include

(meth)acrylic compounds each having at least one (meth)

acryloyl group in the molecule.

[0447] Examples of the (meth)acrylic compounds include

(meth)acrylates, (meth)acrylamides, (meth)acrylic acid, and,

(meth)acryloylmorpholine, and (meth)acrylaldehyde.

[0448] Examples of the (meth)acrylates include (meth)

acrylates (monofunctional (meth)acrylates) each having one

(meth)acryloyl group in the molecule, and (meth)acrylates

(polyfunctional (meth)acrylates) each having two or more

(meth)acryloyl groups in the molecule.

[0449] Examples of the monofunctional (meth)acrylates

include the following compounds:

[0450] alkyl(meth)acrylates such as methyl(meth)acrylate,
ethyl(meth)acrylate, propyl (meth)acrylate, isopropyl
(meth)acrylate, butyl(meth)acrylate, isobutyl(meth)acry-
late, 2-ethylhexyl(meth)acrylate, octyl(meth)acrylate,
isooctyl(meth)acrylate, lauryl (meth)acrylate, and stearyl
(meth)acrylate;

[0451] alicyclic monofunctional (meth)acrylates such as
2-hydroxyethyl(meth)acrylate,  2-hydroxypropyl(meth)
acrylate, and 4-hydroxybutyl(meth)acrylate; alicyclic
monofunctional (meth)acrylates such as cyclohexyl(meth)
acrylate, isobornyl (meth)acrylate, 1,4-cyclohexanedim-
ethylol mono(meth)acrylate, dicyclopentenyl (meth)acry-
late, dicyclopentenyl(meth)acrylate, and
dicyclopentenyloxyethyl (meth)acrylate;

[0452] monofunctional (meth)acrylates having an aromatic
ring, such as benzyl (meth)acrylate, (meth)acrylates of
p-cumylphenol alkylene oxide adducts, (meth)acrylates of
o-phenylphenol alkylene oxide adducts, (meth)acrylates of
phenol alkylene oxide adducts, and (meth)acrylates of non-
ylphenol alkylene oxide adducts (in this context, examples
of the alkylene oxide include ethylene oxide and propylene
oxide);

[0453] alkoxyalkyl(meth)acrylates such as 2-methoxy-
ethyl(meth)acrylate, ethoxymethyl(meth)acrylate, and
(meth)acrylates of alkylene oxide adducts of 2-ethylhexyl
alcohols;

[0454] mono(meth)acrylates of dihydric alcohols, such as
ethylene glycol mono(meth)acrylate, propylene glycol
mono(meth)acrylate, pentanediol mono(meth)acrylate,
and hexanediol mono(meth)acrylate;

[0455] mono(meth)acrylates of polyalkylene glycols, such
as mono(meth)acrylate of diethylene glycol, mono(meth)
acrylate of triethylene glycol, mono(meth)acrylate of tet-
raethylene glycol, mono(meth)acrylate of polyethylene
glycol, mono(meth)acrylate of dipropylene glycol, mono
(meth)acrylate of tripropylene glycol, and mono(meth)
acrylate of polypropylene glycol;

[0456] glycidyl(meth)acrylate;

[0457] tetrahydrofurfuryl(meth)acrylate;

[0458] tetrahydrofurfuryl(meth)acrylates such as caprolac-
tone-modified tetrahydrofurfuryl(meth)acrylate;

[0459] 3.4-epoxycyclohexylmethyl(meth)acrylate;

[0460] N,N-dimethylaminoethyl(meth)acrylate; and

[0461] 2-(meth)acryloyloxyethyl isocyanate.
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[0462] Examples of the polyfunctional (meth)acrylates

include the following compounds:

[0463] di(meth)acrylates having an alicyclic ring, such as
tricyclodecanedimethylol di(meth)acrylate, 1,4-cyclohex-
anedimethylol di(meth)acrylate, norbornanedimethylol
di(meth)acrylate, and di(meth)acrylate of hydrogenated
bisphenol A;

[0464] di(meth)acrylates having an aromatic ring, such as
di(meth)acrylates of bisphenol A alkylene oxide adducts
including di(meth)acrylates of bisphenol A ethylene oxide
adducts and di(meth)acrylates of bisphenol A propylene
oxide adducts, and di(meth)acrylate of bisphenol A digly-
cidyl ether;

[0465] di(meth)acrylates of alkylene glycols, such as eth-
ylene glycol di(meth)acrylate, propylene glycol di(meth)
acrylate, pentanediol di(meth)acrylate, and hexanediol
di(meth)acrylate;

[0466] di(meth)acrylates of polyalkylene glycols, such as
diethylene glycol di(meth)acrylate, triethylene glycol
di(meth)acrylate, tetracthylene glycol di(meth)acrylate,
polyethylene glycol di(meth)acrylate, dipropylene glycol
di(meth)acrylate, tripropylene glycol di(meth)acrylate,
and polypropylene glycol di(meth)acrylate;

[0467] di- or tri{meth)acrylates of glycerins, such as di- or
tri(meth)acrylate of glycerin and di- or tri{meth)acrylate of
diglycerin;

[0468] di- or tri(meth)acrylates of alkylene oxide adducts
of glycerins;

[0469] di(meth)acrylates of bisphenol alkylene oxide
adducts, such as di(meth )acrylates of bisphenol A alkylene
oxide adducts and di(meth)acrylates of bisphenol F alky-
lene oxide adducts;

[0470] polyol poly(meth)acrylates such as trimethylolpro-
pane tri(meth)acrylate, ditrimethylolpropane tri(meth)
acrylate, ditrimethylolpropane tetra(meth)acrylate, pen-
taerythritol tri(meth)acrylate, pentaerythritol tetra(meth)
acrylate, dipentaerythritol penta(meth)acrylate, and
dipentaerythritol hexa(meth)acrylate;

[0471] poly(meth)acrylates of alkylene oxide adducts of
these polyols;

[0472] di- or tri(meth)acrylates of isocyanuric acid alky-
lene oxide adducts; and

[0473] 1.3.,5-tri(meth)acryloylhexahydro-s-triazine.
[0474] Examples of the (meth)acrylamides include (meth)
acrylamide, N,N-dimethyl(meth)acrylamide, N,N-diethyl
(meth)acrylamide, N-methylol(meth)acrylamide, N-(3-N,N-
dimethylaminopropyl)(meth)acrylamide, methylenebis
(meth)acrylamide, and ethylenebis(meth)acrylamide
[0475] Alternatively, oligomers such as urethane(meth)
acrylate, polyester (meth)acrylate, and epoxy(meth)acrylate
may be used as the (meth)acrylic compounds.
[0476] Compounds having a (meth)acryloyl group and an
ethylenic unsaturated bond other than the (meth)acryloyl
group can also be used as the (meth)acrylic compounds.
Specific examples thereof include allyl(meth)acrylate and
N,N-diallyl(meth)acrylamide.
[0477] In addition to the (meth)acrylic compounds
described above, the unsaturated compound (€) may be, but
not limited to, for example, a vinyl compound (e.g., N-vinyl-
2-pyrrolidone, divinyl adipate, and divinyl sebacate), an allyl
compound (e.g., triallyl isocyanurate, triallylamine, tetraallyl
pyromellitate, N,N,N',N'-tetraallyl-1,4-diaminobutane, tet-
raallylammonium salt, and allylamine), or an unsaturated
carboxylic acid (e.g., maleic acid and itaconic acid).
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[0478] The unsaturated compound (s) is particularly pref-
erably a (meth)acrylic compound. A (meth)acrylic compound
having at least one alicyclic skeleton or aromatic skeleton in
the molecule is more preferred from the viewpoint of enhanc-
ing durability such as the heat resistance of the polarizing
plate in which the polarizer and each protective film are
bonded together via an adhesive containing that compound.
[0479] Preferred examples of the (meth)acrylic compound
having at least one alicyclic skeleton or aromatic skeleton in
the molecule include the monofunctional (meth)acrylates
having an alicyclic ring, the monofunctional (meth)acrylates
having an aromatic ring, the di(meth)acrylates having an
alicyclic ring, and the di(meth)acrylates having an aromatic
ring. Among them, di(meth)acrylate having a tricyclodecane
skeleton is particularly preferred. Specific examples thereof
include tricyclodecanedimethylol di(meth)acrylate.

[0480] The unsaturated compound (€) can be used in order

to adjust the curing rate of the photocurable adhesive compo-

sition, the adherence between the polarizer and the protective
film, the modulus of elasticity of the adhesive layer, the dura-
bility of a bonded product, etc. The unsaturated compounds

(€) exemplified above may be used alone or as a mixture of

two or more types.

[0481] Inthe case of using the photocurable adhesive com-

position containing the unsaturated compound (€), its con-

tent is preferably 35 wt % or lower with respect to the total
amount of the photocurable adhesive composition. The
resulting composition is capable of favorably tightly bonding
the polarizer to the protective film. An unsaturated compound

(€) contained in an amount exceeding 35 wt % rarely pro-

duces sufficient bond strength between the polarizer and the

protective film. Thus, the content of the unsaturated com-
pound (€) is more preferably 30 wt % or lower, even more
preferably 5 to 25 wt %, further preferably 10 to 20 wt %.

[0482] Radical Photoinitiator (§)

[0483] Preferably, the photocurable adhesive composition

containing the unsaturated compound (€) further contains a

radical photoinitiator () for promoting the radical polymer-

ization thereof and securing a sufficient curing rate.

[0484] Examples of the radical photoinitiator (€) include

the following compounds:

[0485] acetophenone-based photoinitiators such as 4'-phe-

noxy-2,2-dichloroacetophenone, 4'-tert-butyl-2,2-dichloro-

acetophenone, 2,2-dimethoxy-2-phenylacetophenone, 2-me-
thyl-1-(4-methylthiophenyl)-2-morpholinopropan-1-one,

1-hydroxycyclohexyl phenyl ketone, a,o-diethoxyacetophe-
none, 2-hydroxy-2-methyl-1-phenylpropan-1-one, 1-(4-iso-

propylphenyl)-2-hydroxy-2-methylpropan-1-one, 1-(4-

dodecylphenyl)-2-hydroxy-2-methylpropan-1-one, 1-[4-(2-

hydroxyethoxy)phenyl]-2-hydroxy-2-methylpropan-1-one,

and 2-benzyl-2-dimethylamino-1-(4-morpholinophenyljbu-
tan-1-one;

[0486] benzoin ether-based photoinitiators such as ben-
7oin, benzoin methyl ether, benzoin ethyl ether, benzoin
isopropyl ether, and benzoin isobutyl ether;

[0487] benzophenone-based photoinitiators such as ben-
zophenone, methyl o-benzoylbenzoate, 4-phenylben-
zophenone, 4-benzoyl-4'-methyldiphenyl sulfide, and 2.4,
6-trimethylbenzophenone;

[0488] thioxanthone-based photoinitiators such as 2-iso-
propylthioxanthone, 2.4-diethylthioxanthone, 2,4-dichlo-
rothioxanthone, and 1-chloro-4-propoxythioxanthone;

[0489] acylphosphine oxide-based photoinitiators such as
2,4.6-trimethylbenzoyldiphenylphosphine oxide, bis(2,6-



US 2014/0071379 A1

dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine
oxide, and bis(2,4,6-trimethylbenzoyl)phenylphosphine
oxide;

[0490]
tanedione,
loxime); and

[0491] camphor quinone.
[0492] These radical photoinitiators (§) may be used alone
or as a mixture of two or more types. In the case of using the
photocurable adhesive composition containing the radical
photoinitiator (£), its content is preferably 10 wt % or lower,
more preferably 0.1 to 3 wt %, with respect to the total amount
of the photocurable adhesive composition. Too large a con-
tent of the radical photoinitiator (§) may produce insufficient
bond strength. By contrast, an adhesive having too small a
content of the radical photoinitiator (§) is difficult to suffi-
ciently cure.
[0493] Additional Component (1))
[0494] The photocurable adhesive composition may fur-
ther contain, if necessary, an additional component () dif-
ferent from each of the components mentioned above without
impairing the effects of the present invention. One example of
such an additional component (1) includes a cationically
polymerizable compound other than the epoxy compound
(al) or the oxetane compound (a2). Examples thereof
include epoxy compounds each having one epoxy group in
the molecule. Other examples of the additional component
(1) include nonpolymerizable compounds. In the case of
using the photocurable adhesive composition containing the
nonpolymerizable compound, its content is preferably set to
10 wt % or lower with respect to the total amount of the
photopolymerizable adhesive composition.
[0495] Examples of the nonpolymerizable compound
include photosensitizers, cationic thermal initiators, and
polyols.
[0496] The photopolymerizable adhesive composition con-
taining a photosensitizer is highly reactive and also exhibits
high mechanical strength and bond strength of a cured prod-
uct. Examples of the photosensitizers include carbonyl com-
pounds, organic sulfur compounds, persulfides, redox-based
compounds, azo and diazo compounds, halogen compounds,
and photoreducible dyes.

[0497] Specific examples of the photosensitizers include

the following compounds:

[0498] benzoin derivatives such as benzoin methyl ether,
benzoin isopropyl ether, and a,a-dimethoxy-o-phenylac-
etophenone;

[0499] benzophenone derivatives such as benzophenone,
2,4-dichlorobenzophenone, methyl o-benzoylbenzoate,
4,4"-bis(dimethylamino)benzophenone, and 4,4'-bis(di-
ethylamino)benzophenone;

[0500] thioxanthone derivatives such as 2-chlorothioxan-
thone and 2-isopropylthioxanthone;

[0501] anthraquinone derivatives such as 2-chloroan-
thraquinone and 2-methylanthraquinone;

[0502] acridone derivatives such as N-methylacridone and
N-butylacridone; and

[0503] other compounds such as a,a-diethoxyacetophe-
none, benzyl, fluorenone, xanthone, uranyl compounds,
and halogen compounds.

[0504] Among the foregoing, some compounds correspond

to radical photoinitiators as the component (E). In this con-

text, the photosensitizer is not limited as long as the sensitizer

oxime/ester-based photoinitiators such as 1,2-oc-
1-[4-(phenylthiophenyl)],  2-(O-benzoy-
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functions to act on the cationic photoinitiator as the compo-
nent (B1). These photosensitizers may be used alone or as a
mixture of two or more types.

[0505] The content of the photosensitizer is preferably in
the range of 0.1 to 20 parts by weight with respect to 100 parts
by weight in total of the cationically polymerizable com-
pound (compound having the epoxy compound (cl), the
oxetane compound (c.2), and the additional cationically poly-
merizable compound).

[0506] Examples of the cationic thermal initiators include
benzylsulfonium salt, thiophenium salt, thiolanium salt, ben-
zylammonium salt, pyridinium salt, hydrazinium salt, car-
boxylic acid ester, sulfonic acid ester, and aminimide. These
initiators are easily available as commercially available prod-
ucts. Examples thereofinclude commercially available prod-
ucts under trade names of “Adeka Opton CP77” and “Adeka
Opton CP66” (all manufactured by Adeka Corp.), “CI-2639”
and “CI-2624” (all manufactured by Nippon Soda Co., Ltd.),
and “San-Aid SI-60L”, “San-Aid SI-80L”, and “San-Aid
SI-100L” (all manufactured by Sanshin Chemical Industry
Co., Ltd.).

[0507] Thepolyols have the property of promoting cationic
polymerization and as such, can be used as nonpolymerizable
compounds. Examples ofthe polyols include compounds free
from an acidic group other than a phenolic hydroxy group,
specifically, polyol compounds free from a functional group
other than a hydroxy group, polyester polyol compounds,
polycaprolactone polyol compounds, polyol compounds hav-
ing a phenolic hydroxy group, and polycarbonate polyol com-
pounds.

[0508] In addition to those mentioned above, the nonpoly-
merizable compound may be a silane coupling agent, an ion
trapping agent, an antioxidant, a light stabilizer, a chain trans-
fer agent, a sensitizer, a tackifier, a thermoplastic resin, a
filler, a flow adjuster, a plasticizer, an antifoaming agent, a
leveling agent, a dye, an organic solvent, or the like. In addi-
tion to those mentioned above, the nonpolymerizable com-
pound may be a thermoplastic resin that is added for the
purpose of further improving adherence with the protective
film. Preferably, the thermoplastic resin has a glass transition
temperature of 70° C. or higher from the viewpoint of enhanc-
ing the durability of the polarizer. Particularly preferred
examples thereof include methyl methacrylate-based poly-
mers.

[0509] Regarding Liquid Crystal Cell 20

[0510] Liquid crystal cell 20 has two transparent substrates
and a liquid crystal layer sandwiched therebetween. Liquid
crystal cell 20 may have a display system such as reflective,
transmissive, or semi-transmissive LCD or TN type, STN
type, OCB type, HAN type, VA type (PVA or MVA type), or
IPS type (also including FFS type). Among them, IPS type or
the like is preferred from the viewpoint of, for example, a
relative wide viewing angle.

[0511] The IPS-type liquid crystal cell has two transparent
substrates, only one of which is provided with a pixel elec-
trode for applying voltage to liquid crystals and a counter
electrode corresponding thereto. In the liquid crystal cell, the
transparent substrate having a pixel electrode and a counter
electrode disposed thereon is preferably disposed on the
backlight side (in the display apparatus). The liquid crystal
layer contains liquid crystal molecules having a positive
dielectric anisotropy (A€>0) or a negative dielectric anisot-
ropy (A&>0). The liquid crystal molecules are oriented so that
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the long axis direction thereof is horizontal to the surfaces of
these two transparent substrates in the absence of voltage.

[0512] The liquid crystal cell thus constituted produces an
electric field in a direction horizontal to the substrate surface,
between the pixel electrode and the counter electrode dis-
posed on the one substrate. The liquid crystal molecules ori-
ented horizontally to the substrate surface are thereby rotated
in a plane horizontal to the substrate surface. As a result, the
liquid crystal layer is driven to display images with the trans-
mittance and reflectance of each sub-pixel changed.

[0513] The liquid crystal display device is susceptible to
blank (egg-shaped blur) or the like on or near the rim of the
screen. The cause of this egg-shaped blur is not definitely
clear. A stress attributed to the contraction of polarizer is also
applied to a polarizer protective film adjacent thereto when
the display apparatus is left in hot and humid conditions. In
hot and humid conditions, the backlight unit may be
deformed and contacted (the contact portion is oval in plan),
at the central portion of the screen, with the polarizing plate to
apply stress to the polarizer protective film. The polarizer
protective film placed under such stress tends to generate
birefringence and is therefore prone to light leakage. A pos-
sible cause of egg-shaped blur will now be described. The
contact portion between the backlight unit and polarizing
plate retains moisture, whereas a non-contact portion is less
likely to retain moisture and thus drying progresses. Accord-
ingly, the manner by which moisture dries changes signifi-
cantly at the boundary between the contact portion and non-
contact portion. Here, there are two possible causes of the
occurrence of a contact between the backlight unit and polar-
izing plate. The first possible cause is that the diffuser of the
backlight unit swells and bulges toward the liquid crystal
cell’s side when exposed to high-humidity conditions. The
second possible cause is that because recent liquid crystal
cells are becoming larger and thinner, the liquid crystal cell
bends while it is dried after placed in high-humidity condi-
tions thus increasing the likelihood of the occurrence of a
contact between the polarizing plate of the liquid crystal cell
and the backlight unit. These factors, either individually or
combined in a complex manner, would contribute to the
occurrence of the above-described contact and therefore egg-
shaped blur. For the polarizer protective film of the polarizing
plate on the backlight side, which polarizer protective film is
placed on the liquid crystal cell’s side, the cause of egg-
shaped blur would be attributed to a contact between the
diffuser of the backlight unit and liquid crystal cell, which is
caused by the above-described environmental changes. The
manner by which moisture, absorbed by the polarizing plate,
dries changes particularly at the boundary between the con-
tact portion and non-contact portion; the moisture retention
condition thus changes, resulting in changes in the manner by
which stress is applied. Changes in birefringence occur due to
changes in moisture retention conditions. Changes in the
manner by which stress is applied due to changes in the
moisture retention conditions lead to changes in the degree of
photoelasticity development. These factors would contribute
to changes in birefringence in the polarizer protective film,
resulting in the generation of light leakage that leads to blur in
the image. The contact portion at this time has an oval shape
and therefore is called egg-shaped blur. A feature of the
present invention lies in the fact that when changes in bire-
fringence associated with environmental changes and
changes in the degree of photoelasticity development caused
by stress application are within the claimed ranges for the
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polarizer protective film of the polarizing plate on the back-
light side, which polarizer protective film is placed on the
liquid crystal cell’s side, influences caused by changes in
birefringence and photoelasticity that affect images are mini-
mized. Even when a contact occurs between the diffuser of
the backlight unit and liquid crystal cell due to the above-
described environmental changes, it would be possible to
reduce or eliminate blur in the image as well as blur at the
boundary between the contact portion and non-contact por-
tion.

[0514] Particularly, polarizer protective films 46 (F2) and
64 (F3) constituting the IPS-type liquid crystal display device
each have in-plane retardation R, usually set to zero or near
zero in the absence of stress. Thus, birefringence that occurs,
even if only slightly, in the polarizer protective film F2 or F3
by the application of stress makes light leakage outstanding.
Such light leakage further tends to occur in liquid crystal
display devices having a large screen of 30 inch or larger,
particularly 30 to 54 inch.

[0515] The liquid crystal display device of the present
invention includes the polarizer protective film of the present
invention as at least one of polarizer protective films 46 (F2)
and 64 (F3), preferably as polarizer protective film 64 (F3).
As a result, the generation of egg-shaped blur is limited,
particularly in hot and humid conditions.

EXAMPLES

[0516] Hereinafter, the present invention will be described
in more detail with reference to Examples. The scope of the
present invention should not be interpreted in a limited man-
ner by these Examples.

Example 1

[0517] Components listed below were fully dissolved with
heating to prepare dope solution 1.

[0518] (Composition of Dope Solution 1)

[0519] Dianal BR85 (manufactured by Mitsubishi Rayon
Co., Ltd., acrylic resin): 70 parts by mass

[0520] Cellulose acetate propionate (total degree of acyl
substitution: 2.75, degree of acetyl substitution: 0.20, degree
of propionyl substitution: 2.55, Mw=200000): 30 parts by
mass

[0521] Methylene chloride: 300 parts by mass
[0522] Ethanol: 40 parts by mass
[0523] The prepared dope solution was uniformly casted at

awidth of 2 m onto a stainless-band support at a temperature
of 22° C. using a belt casting apparatus. The solvents in the
dope film on the stainless-band support were evaporated until
the amount of residual solvents became 100%. Then, the
resulting web was peeled from the stainless-band support at a
peeling tension of 162 N/m. The obtained web was dried at
35° C. to further evaporate the solvents. Then, the resulting
web was slit into a width of 1.5 m. The obtained web was
dried at a drying temperature of 140° C. while stretched 1.05
times (5%) in the width direction (stretching direction: T)
using a tenter. The web had 10% residual solvents at the start
of stretching using a tenter.

[0524] The web thus stretched using a tenter was relaxed at
130° C. for 5 minutes and further dried while conveyed
through a drying zone of 120° C. by a large number of rolls.
The obtained film was slit into a width of 1.5 m. Both ends of
the film were knurled (width: 10 mm, height: 5 um). Then, the
obtained film was wound around a core having an inner



US 2014/0071379 A1

diameter of 15.24 cm at an initial tension of 220 N/m and a
final tension of 110 N/m to obtain a roll sample of polarizer
protective film 1 having a thickness of 40 pum and a length of
5200 m.

Examples 2 to 4

[0525] Polarizer protective films 2 to 4 having a thickness
of 40 um were prepared in the same way as in Example 1
except that the composition of the dope and the web stretch
ratio were changed as listed in Table 1.

Example 5

[0526] Components listed below were fully dissolved with
heating to prepare dope solution 5.

[0527]

[0528] Dianal BR85S (manufactured by Mitsubishi Rayon
Co., Ltd.): 90 parts by mass

[0529] Cellulose acetate propionate (total degree of acyl
substitution: 2.75, degree of acetyl substitution: 0.20, degree
of propionyl substitution: 2.55, Mw=200000): 10 parts by
mass

(Composition of Dope Solution 5)

[0530] Methylene chloride: 300 parts by mass
[0531] Ethanol: 40 parts by mass
[0532] The prepared dope solution was uniformly casted at

awidth of 2 m onto a stainless-band support at a temperature
of 22° C. using a belt casting apparatus. The solvents in the
dope film on the stainless-band support were evaporated until
the amount of residual solvents became 100%. Then, the
obtained web was peeled from the stainless-band support
using a peeling roll at a peeling tension of 180 N/m. The
obtained web was stretched in the MD direction at a convey-
ing tension of 200 N/m while the solvents were evaporated at
60° C. Then, the resulting web was slit into a widthof 1.6 m
and conveved to a tenter (TD stretching step). The stretch
ratio in the conveying direction (stretching direction: M) from
the peeling roll to a roll at which the stretching step in the TD
direction started was 20%.

[0533] Then, the web was dried at a drying temperature of
140° C. with its width direction kept using a tenter. The web
had 10% residual solvents at the start of stretching using a
tenter. The web thus stretched using a tenter was relaxed at
130° C. for 5 minutes and further dried while conveyed
through a drying zone of 120° C. by a large number of rolls.
The obtained film was slit into a width of 1.5 m. Both ends of
the film were knurled (width: 10 mm, height: 5 um). Then, the
obtained film was wound around a core having an inner
diameter of 15.24 cm at an initial tension of 220 N/m and a
final tension of 110 N/m to obtain a roll sample of polarizer
protective film 5 having a thickness of 40 um and a length of
5200 m.

Examples 6 to 8

[0534] Polarizer protective films 6 to 8 were prepared in the
same way as in Example 5 except that the composition of the
dope solution and the web stretch ratio were changed as
shown in Table 1.
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TABLE 1

Composition of resin

Acrylicresin ~ Cellulose ester Stretching condition

Film BR&5 resin CAP Stretching  Stretch ratio
No. [part by mass]  [partbymass]  direction [%]
1 70 30 T 5
2 70 30 T 10
3 75 25 T 10
4 75 25 T 20
5 90 10 M 20
6 80 20 M 10
7 60 40 M 10
8 60 40 M 30
Example 9
[0535] A 1000-L reaction vessel equipped with a stirring

apparatus, a thermometer, a cooler, and a nitrogen inlet was
charged with 40 parts by mass of methyl methacrylate, 10
parts by mass of methyl 2-(hydroxymethyl)acrylate, 50 parts
by mass of toluene, and 0.025 parts by mass of ADK STAB
2112 (manufactured by Adeka Corp.). This solution was
heated to reflux to 105° C. while doped with nitrogen. To this
solution, 0.05 parts by mass of each of a polymerization
initiator and t-amyl peroxyisononanoate (manufactured by
ATOFINA Yoshitomi, [td., trade name: Lupasol 570) were
added. The mixture was subjected to solution polymerization
under reflux (approximately 105 to 110° C.) while 0.10 parts
by mass of t-amyl peroxyisononanoate were further added
dropwise thereto over 2 hours, followed by aging over 4
hours. To the obtained polymer solution, 0.05 parts by mass of
stearyl phosphate (manufactured by Sakai Chemical Industry
Co., Ltd., trade name: Phoslex A-18) were added, and the
mixture was subjected to cyclocondensation reaction under
reflux (approximately 90 to 110° C.) for 2 hours. The polymer
solution thus obtained through cyclocondensation reaction
was passed through a multi-tube heat exchanger heated to
240° C. to complete the cyclocondensation reaction.

[0536] The obtained polymer was introduced at a process-
ing speed of 20 kg/hour (in terms of the amount of resin) to a
vent-type twin-screw extruder (¢=44 mm, [./D=52.5) having
a barrel temperature of 240° C., the number of revolutions of
120 rpm, a degree of pressure reduction of 13.3 to 400 hPa,
one rear vent, four front vents (referred to as the first, second,
third, and fourth vents from upstream to downstream), and a
side feeder between the third vent and the fourth vent. The
polymer was devolatized. During this operation, a mixed
solution containing an antioxidant and a deactivator, which
was separately prepared in advance, was injected at an injec-
tion rate of 0.3 kg/hour to the polymer from the third vent
using a high-pressure pump. The mixed solution containing
an antioxidant and a deactivator was prepared by dissolving
50 parts by mass of ADK STAB AO-60 (manufactured by
Adeka Corp.) and 40 parts by mass of zinc octoate (manufac-
tured by Nihon Kagaku Sangyo Co., Ltd., Nikka Octhix Zinc
3.6%) in 210 parts by mass of toluene. Also, ion-exchanged
water was injected thereto at an injection rate of 0.33 kg/hour
from each of the second and fourth vents using a high-pres-
sure pump.

[0537] Inaddition, AS resin (manufactured by Asahi Kasei
Chemicals Corp., trade name: Stylac AS783L) was added
thereto at a feed rate of 2.12 kg/hour from the side feeder.
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Then, the melt-kneaded resin was filtered through a leaf-disk
polymer filter (manufactured by Nagase & Co., Ltd., nominal
filtration rating: 5 pm).

[0538] A pellet of lactone ring-containing polymer compo-
sition (A-1) was obtained through the devolatilization and
filtration steps. The lactone ring-containing polymer compo-
sition (A-1) had a weight-average molecular weight of
132000 and a glass transition temperature of 125° C.

[0539] The obtained pellet of composition (A-1) was melt-
extruded from a coat hanger-type T-die (width: 150 mm) at
280° C. using a single-screw extruder (¢=20 mm, 1./D=25)
and discharged onto a cooling roll having a temperature of
110° C. to prepare unstretched film (B-1) having a thickness
of 198 um.

[0540] The obtained unstretched film (B-1) was cut into a
size of 96 mmx96 mm and then, sequentially biaxially
stretched at a stretch ratio of 2.2 times in the longitudinal and
transverse directions (MD and TD directions) of the film in
the order named at 150° C. at a rate of 800 mm/minute using
a sequential biaxial stretching machine (manufacturing Toyo
Seiki Seisaku-Sho, Ltd., X-6S). The film thus stretched was
immediately taken out of the test apparatus and cooled to
obtain polarizer protective film 9 having a thickness of 36 pm.

Example 10

[0541] Lactone ring-containing polymer composition
(A-2) was prepared in the same way as in Example 9 except
that the AS resin was added thereto at a feed rate of 1.5
kg/hour from the side feeder. Then, polarizer protective film
10 was prepared.

Comparative Example 1

[0542] Z-TAC film (manufactured by Fujifilm Corp.) was
prepared and used as polarizer protective film 11.

[0543] Polarizer protective films 1 to 11 thus obtained were
subjected to the measurement of in-plane retardation Ry,
thickness retardation Rt, tensile stress under which birefrin-
gence An (=nx-ny) becomes 0, and photoelastic coefficient ¢
according to the following methods:

[0544] Measurement of in-plane retardation R, and thick-
ness retardation Rt

[0545] Each film was left for 24 hours in an environment of
23°C. and 55% RH, and the retardations R,(589) and Rt(589)
of the film at a wavelength of 589 nm were measured in the
same environment as above using an automatic birefringence
meter KOBRA-21ADH (manufactured by Oji Scientific
Instruments).

[0546] Measurement of stress under which birefringence
An becomes 0
[0547] Each obtained film was left for 24 hours in an envi-

ronment of 50° C. and 80% RH, and the in-plane retardation
R, of the film at a wavelength of 589 nm was then measured
using a retardation measurement apparatus (KOBRA 31PR,
manufactured by Oji Scientific Instruments) under tensile
load applied in the maximum stretching direction (direction
in which the stretch ratio reached the maximum) under con-
ditions of 50° C. and 80% RH. The tensile load under which
the in-plane retardation R, became 0 was determined as
“stress under which An=0". Likewise, the birefringence An
under stress of the film was also measured under conditions of
23°C. and 55% RH.
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[0548] Measurement of Photoelastic Coefficient ¢

[0549] The retardation R, under each tensile load obtained

in the preceding measurement of stress under which birefrin-

gence An under stress became 0 was divided by film thickness

d, and An (=nx-ny) was calculated to obtain a plot of An

versus tensile load. The obtained plot was approximated to a

straight line, the slope of which was determined as photoelas-

tic coefficient c. The photoelastic coefficient ¢ was calculated
both under conditions of 50° C. and 80% RH and under
conditions of 23° C. and 55% RH.

[0550] Subsequently. polarizing plates and liquid crystal

display devices were prepared according to the following

methods using polarizer protective films 1 to 11 obtained
above.

[0551] Preparation of Polarizer

[0552] A polyvinyl alcohol film having a thickness of 70

uM was swollen with water of 35° C. The obtained film was

immersed for 60 seconds in an aqueous solution consisting of

0.075 g ofiodine, 5 g of potassium iodide, and 100 g of water

and further immersed in an aqueous solution of 45° C. con-

sisting of 3 g of potassium iodide, 7.5 g of boric acid, and 100

g of water. Then, the obtained film was uniaxially stretched

under conditions involving a stretching temperature of 55° C.

and a stretch ratio of 5 times. This uniaxially stretched film

was washed with water and then dried to obtain a polarizer
having a thickness of 20 pm.

[0553] Preparation of Adhesive

[0554] Components listed below were mixed and then

defoamed to prepare a photocurable adhesive solution. Note

that triarylsulfonium hexafluorophosphate was prepared as a

50% propylene carbonate solution and indicated below by a

solid content.

[0555] (Composition of Adhesive Solution)

[0556] 3.4-Epoxycyclohexylmethyl 3.4-epoxycyclohex-
anecarboxylate (alicyclic epoxy compound (ct)): 45 parts
by mass

[0557] Epolead GT-301 (manufactured by Daicel Corp.,
alicyclic epoxy compound (a)): 40 parts by mass

[0558] 1.4-Butanediol diglycidyl ether (compound (o)
substantially free from an alicyclic epoxy group): 15 parts
by mass

[0559] Triarylsulfonium hexafluorophosphate (cationic
photoinitiator (f)): 2.25 parts by mass

[0560] 9.10-Dibutoxyanthracene (photosensitizer (y)): 0.1
parts by mass

[0561] 1.4-Diethoxynaphthalene (photosensitization pro-
moter (8)): 2.0 parts by mass

[0562] Preparation of Polarizing Plate

[0563] Each obtained polarizer protective film was surface-

treated by corona discharging. Subsequently, the corona dis-

charging-treated surface of the polarizer protective film was
coated with the prepared adhesive solution using a bar coater
to form an adhesive coating layer having a film thickness

(after curing) of approximately 3 uM. The obtained adhesive

coating layer was bonded with the polyvinyl alcohol-iodine-

based polarizer prepared as mentioned above.

[0564] Likewise, KC6UY (manufactured by Konica

Minolta Opto, Inc) film was prepared and surface-treated by

corona discharging. Subsequently, the corona discharging-

treated surface of the film was coated with the prepared adhe-
sive solution using a bar coater to form an adhesive coating
layer having a film thickness (after curing) of approximately

3 pm. The obtained adhesive coating layer was bonded with

the polarizer having the polarizer protective film bonded to
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one surface to obtain a laminate of the polarizer protective
film/polarizet/KC6UY (manufactured by Konica Minolta
Opto, Inc.) film. The polarizer protective film in this laminate
was irradiated with UV rays at an integrated quantity of light
of 750 mJ/em? using a UV ray irradiation apparatus (“D
Bulb” manufactured by Fusion UV Systems Inc. was used as
a lamp) with a belt conveyor to cure the adhesive coating
layers. In this way, a polarizing plate containing a polarizer
sandwiched between two protective films was prepared.
[0565] Preparation of Liquid Crystal Display Device
[0566] Each liquid crystal display device including the pre-
pared polarizing plate was prepared as follows: liquid crystal
television WO00 W32-L7000 (manufactured by Hitachi,
Ltd.), which was a lateral electric field-mode liquid crystal
display device, was provided. A liquid crystal cell included in
this apparatus had two substrates and a liquid crystal layer
disposed therebetween. Only one of these two substrates had

display screen (image unevenness) was visually observed in
the black-mode state of the liquid crystal display device at
ordinary temperature. Light leakage was evaluated according
to criteria shown below. A or B was preferred in the evalua-
tion.

[0570]

[0571] B: Slight image unevenness is confirmed by very
careful observation.

A: No image unevenness.

[0572] C:Image unevenness is confirmed in one of the four
corners.
[0573] D:Image unevenness is confirmed in two or more of

the four corners.

[0574] Table 2 shows the results of evaluating the polarizer
protective films obtained in Examples and Comparative
Example and the results of evaluation of egg-shaped blur in
the liquid crystal display devices including the films.

TABLE 2
Stretching Photoelastic
Composition of resin condition Optical Stress under which coefficient ¢
BR&3 CAP Stretch property nx —ny =0 [MPa] [x10"-12 m’/N]
Film  [partby [part by Stretching ratio R, Rt 50° C. 23°C. 50° C. 23°C. egg-shaped
No. mass] mass] Others direction [%] [nm] [mm] 80%RH 55%RH  80%RH 55%RH blur
Example 1 1 70 30 — T 5 -03 -0.3 123 59 0.6 13 A
Example 2 2 70 30 — T 10 -08 -0 327 15.8 0.6 13 A
Example 3 3 75 25 — T 10 04 -0.8 12.7 5.8 -0.8 02 A
Example 4 4 75 25 — T 20 10 -1.0 31.8 184 -0.8 02 A
Example 5 5 90 10 — M 20 31 =50 15.6 243 -5.0 -32 A
Example 6 6 80 20 — M 10 15 -28 17.2 39.0 -2.2 -1.0 B
Example 7 7 60 40 — M 10 -08 29 5.9 5.7 3.4 35 A
Example 8 8 60 40 — M 30 -33 51 24.2 23.6 3.4 35 A
Example 9 9 — — Lactone — — 1.6 -29 333 36.4 -1.2 -1.1 B
acrylic
Example 10 10 — — Lactone — — 03 -1.8 12.5 15.0 -0.6 -05 A
acrylic

Comparative 11 — —  Z-TAC -1 -2.7 2.5 2.6 9.9 95 D
Example 1

a pixel electrode and a counter electrode disposed thereon
(IPS type). The liquid crystal cell was disposed so that the
substrate having a pixel electrode and a counter electrode
disposed thereon was positioned on the backlight side.
[0567] A polarizing plate on the backlight side preinstalled
in the liquid crystal television WO00 W32-1.7000 (manufac-
tured by Hitachi, Ltd.) was detached therefrom, and the pre-
pared polarizing plate was in turn bonded to the glass surface
of the liquid crystal cell. This bonding between the prepared
polarizing plate and the liquid crystal cell was performed so
that the absorption axis of the prepared polarizing plate had
the same direction as that of the absorption axis of the prein-
stalled polarizing plate. Each of polarizer protective films 1 to
11 obtained above was used as the polarizer protective film F3
(polarizer protective film disposed on the surface on the liquid
crystal cell side of the polarizer in the polarizing plate on the
backlight side) of the liquid crystal display device. Then,
egg-shaped blur in the obtained liquid crystal display device
was measured.

[0568] Evaluation of Egg-Shaped Blur

[0569] Each obtained liquid crystal display device was left
for 72 hours in a chamber of 50° C. and 80% RH. Then, the
liquid crystal display device was taken out of the chamber.
The difference between luminance around four corners of the
display screen and luminance at and around the center of the

[0575] Asis evident from the table, the polarizer protective
films of Examples 1 to 10 have a birefringence An under stress
of 0 within the range of 5 to 35 MPa under conditions of 50°
C. and 80% RH, and none of the liquid crystal display devices
including the films generate egg-shaped blur. By contrast, as
is also evident, the polarizer protective film of Comparative
Example 1 has a birefringence An under stress of 0 under
tensile stress lower than 5 MPaunder conditions of 50° C. and
80% RH, and the liquid crystal display device including the
film generates egg-shaped blur.

[0576] The present application claims the priority based on
Japanese Patent Application No. 2011-111803 filed on May
18, 2011, the entire contents of which including the claims,
specification and drawings are incorporated herein by refer-
ence.

INDUSTRIAL APPLICABILITY
[0577] The present invention can limit the generation of
egg-shaped blur in a liquid crystal display device (particu-
larly, an IPS-type liquid crystal display device) even under
hot and humid conditions.

REFERENCE SIGNS LIST

10 Liquid crystal display device
20 Liquid crystal cell

[0578]
[0579]
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[0580] 40 First polarizing plate
[0581] 42 First polarizer

[0582] 44 Polarizer protective film F1
[0583] 46 Polarizer protective film F2
[0584] 60 Second polarizing plate
[0585] 62 Second polarizer

[0586] 64 Polarizer protective film F3
[0587] 66 Polarizer protective film F4
[0588] 80 Backlight

1. A polarizer protective film having a birefringence (nx-
ny)under stress of 0, where nx represents a refractive index in
X-axis direction in which an in-plane birefringence of the
film is maximized, and ny represents a refractive index in
Y-axis direction orthogonally intersecting the X-axis direc-
tion in the plane of the film,

wherein the birefringence (nx-ny) under stress is mea-

sured at a wavelength of 589 nm under any tensile stress
of 5 MPato 35 MPa applied in the X-axis directionor the
Y-axis direction of the film under conditions of 50° C.
and 80% RH.

2. The polarizer protective film according to claim 1,
wherein under conditions of 50° C. and 80% RH in the
absence of tensile stress, the film has in-plane retardation
Ry(589)in therange of -3 nm to +3 nm at awavelength of 589
nm and thickness retardation Rt(589) in the range of -3 nm to
+3 nm at a wavelength of 589 nm, the in-plane retardation
R,(589) and the thickness retardation Rt(589) being repre-
sented by Equations (I) and (I), respectively:

Ro(589)=(nx-ny)xd, Equation (I):
and
Ri(389)={(nx+ny)/2-nz}xd, Equation (II):

where d represents a thickness (nm) of the film; nx represents
arefractive index in the X-axis direction in which the in-plane
birefringence of the film is maximized; ny represents a refrac-
tive index in the Y-axis direction orthogonally intersecting the
X-axis in the plane of the film; and nz represents a refractive
index in a thickness direction of the film.

3. The polarizer protective film according to claim 1,
wherein the film has a photoelastic coefficient of =3.0x107'2
to 3.0x10™"* m*/N under conditions of 50° C. and 80% RH.

4. The polarizer protective film according to claim 1,
wherein the film has a birefringence (nx-ny) under stress of 0,
the birefringence (nx-ny) under stress being measured at a
wavelength of 589 nm under any tensile stress of 5 MPa to 35
MPa applied in the X-axis direction or the Y-axis direction of
the film under conditions of 23° C. and 55% RH.

5. The polarizer protective film according to claim 1,
wherein the film comprises an acrylic resin and a cellulose
ester.

6. The polarizer protective film according to claim 5,
wherein a mass ratio of the acrylic resin and to the cellulose
ester (acrylic resin/cellulose ester) is 90/10 to 30/70.

7. The polarizer protective film according to claim 5,
wherein the cellulose ester has a total degree of acyl substi-
tutionof 2 t0 3 and a degree of C,_, acyl substitution of 2 to 3.

8. The polarizer protective film according to claim 6,
wherein the cellulose ester has a total degree of acyl substi-
tutionof 2 10 3 and a degree of C, - acyl substitution of 2 to 3.

9. A polarizing plate comprising:

apolarizer; and

the polarizer protective film according to claim 1 disposed

on at least one surface of the polarizer.
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10. A liquid crystal display device comprising, in order
from the viewing side:
a first polarizing plate;
a liquid crystal cell;
a second polarizing plate; and
a backlight,
wherein the liquid crystal cell includes first and second
opposing substrates, the first substrate having a pixel
electrode and a counter electrode disposed thereon, and
a liquid crystal layer sandwiched between the first and
second substrates, the liquid crystal layer including lig-
uid crystal molecules oriented horizontally to a surface
of the first substrate during voltage is not applied,
the first polarizing plate includes a first polarizer and a
polarizer protective film F2 disposed on a surface on a
liquid crystal cell side of the first polarizer,
the second polarizing plate includes a second polarizer and
a polarizer protective film F3 disposed on a surface on
the liquid crystal cell side of the second polarizer, and
at least one of the polarizer protective films F2 and F3 is the
polarizer protective film according to claim 1.
11. A liquid crystal display device comprising, in order
from the viewing side:
a first polarizing plate;
a liquid crystal cell;
a second polarizing plate; and a backlight,
wherein the liquid crystal cell includes first and second
opposing substrates, the first substrate having a pixel
electrode and a counter electrode disposed thereon, and
a liquid crystal layer sandwiched between the first and
second substrates, the liquid crystal layer including lig-
uid crystal molecules oriented horizontally to a surface
of the first substrate during voltage is not applied,
the first polarizing plate includes a first polarizer and a
polarizer protective film F2 disposed on a surface on a
liquid crystal cell side of the first polarizer,
the second polarizing plate includes a second polarizer and
a polarizer protective film F3 disposed on a surface on
the liquid crystal cell side of the second polarizer, and
at least one of the polarizer protective films F2 and F3 is the
polarizer protective film according to claim 5.
12. A liquid crystal display device comprising, in order
from the viewing side:
a first polarizing plate;
a liquid crystal cell;
a second polarizing plate; and
a backlight,
wherein the liquid crystal cell includes first and second
opposing substrates, the first substrate having a pixel
electrode and a counter electrode disposed thereon, and
a liquid crystal layer sandwiched between the first and
second substrates, the liquid crystal layer including lig-
uid crystal molecules oriented horizontally to a surface
of the first substrate during voltage is not applied,
the first polarizing plate includes a first polarizer and a
polarizer protective film F2 disposed on a surface on the
liquid crystal cell side of the first polarizer,
the second polarizing plate includes a second polarizer and
a polarizer protective film F3 disposed on a surface on
the liquid crystal cell side of the second polarizer, and
at least one of the polarizer protective films F2 and F3 is the
polarizer protective film according to claim 8.
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13. The liquid crystal display device according to claim 10,
wherein at least one of the polarizer protective films F2 and F3
comprises a lactone ring-containing polymer.

14. A liquid crystal display device comprising, in order
from the viewing side:

a first polarizing plate;

a liquid crystal cell;

a second polarizing plate; and

a backlight,

wherein the liquid crystal cell includes first and second

opposing substrates, the first substrate having a pixel
electrode and a counter electrode disposed thereon, and
a liquid crystal layer sandwiched between the first and
second substrates, the liquid crystal layer including lig-
uid crystal molecules oriented horizontally to a surface
of the first substrate during voltage is not applied,

the first polarizing plate includes a first polarizer and a

polarizer protective film F2 disposed on a surface on the
liquid crystal cell side of the first polarizer,
the second polarizing plate includes a second polarizer and
a polarizer protective film F3 disposed on a surface on
the liquid crystal cell side of the second polarizer, and

the polarizer protective film F3 is the polarizer protective
film according to claim 5.

15. The liquid crystal display device according to claim 10,
wherein the polarizer protective film F3 comprises a lactone
ring-containing polymer.
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