US 20090103015A1

United States

(19)
12) Patent Application Publication (o) Pub. No.: US 2009/0103015 A1l
Aminaka 43) Pub. Date: Apr. 23, 2009
(34) POLARIZING PLATE AND LIQUID CRYSTAL (30) Foreign Application Priority Data
DISPLAY DEVICE
Sep. 26,2005 (JP) .cccvvecneenerenienenne 2005-277602
(75) Inventor: Eiichiro Aminaka, Kanagawa (JP) Publication Classification
(51) Imt.ClL
Correspondence Address: GO2F 171335 (2006.01)
POST OFFICE BOX 10— GU2B s (0061)
ALEXANDRIA, VA 22313-1404 (US) (52) US.CL oo 349/96; 428/1.31
(57) ABSTRACT
(73)  Assignee: FI}HFILM Corporation, A polarizing plate comprising at least one protective film; and
Minato-ku (JP) a polarizing film, wherein the protective film disposed on a
liquid crystal cell side has Re,, and Rth;, satisfying the
(21) Appl. No.: 11/992,519 conditions of 45 nm=Re;s50,,=65 nm and 150 nm=Rih,s,
=240 nm, and the polarizing plate gives, when disposed in an
(22) PCT Filed: Sep. 26,2006 orthogonal position, a hue a” and a hue b” of the polarizing
plate disposed in an orthogonal position satisfying the formu-
(86) PCT No.: PCT/IP2006/319639 lae -1.0=a"=2.0 and -1.0=b"=2.0 (wherein Re,,, repre-
sents a retardation value in plane at a wavelength of Anm
§371 (©)(1), (unit: nm), and Rth(m represents a retardation value along a

(2), (4) Date: Mar. 25, 2008

thickness of the film (unit: nm)).

POLARIZE/ //ﬂ/ /

TRANSMISS[ON AXIS

LA

SLOW AXIS



Patent Application Publication Apr. 23,2009 US 2009/0103015 A1

FIG.T

POLARIZER A /

TRANSMISS[ON AXIS

LA

SLOW AXIS

FIG2

FUNCTIONAL FILM
TAGC2
POLARIZER
TAC1

FIG.3

VIEWER'S SIDE

TAC2
POLARIZER
TACI

VA-MODE CELL

TAC1
POLARIZER
TAG2

LIGHT SOURCE SIDE




US 2009/0103015 A1

POLARIZING PLATE AND LIQUID CRYSTAL
DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a polarizing plate
which reduces color shift upon black display of a liquid
crystal display device in the case of changing the viewing
angle, and a liquid crystal display device using the polarizing
plate.

BACKGROUND ART

[0002] Liquid crystal display devices are widely used as
monitors for personal computers or mobile devices and for
TV sets due to their various advantages of being operable at a
low voltage, consuming little power and permitting to reduce
the thickness. As such liquid crystal display devices, there
have been proposed liquid crystal display devices of various
modes different from each other in the state of alignment of
liquid crystal molecules within the liquid crystal cell. TN
mode has so far been the main mode wherein molecules are
aligned in a state of being twisted about 90° from the lower
substrate of the liquid crystal cell toward the upper substrate.
[0003] A liquid crystal display device is generally consti-
tuted by a liquid crystal cell, an optical compensatory sheet
and a polarizer. The optical compensatory sheet is used for
removing coloration of an image or for enlarging the viewing
angle and, as the sheet, a stretched birefringence film or a film
comprising a transparent film having coated thereon a liquid
crystal is used.

[0004] For example, Japanese Patent No. 2,587,398 dis-
closes the technique of applying to a TN mode liquid crystal
cell an optical compensatory sheet prepared by coating a
discotic liquid crystal on a triacetyl cellulose film, aligning
the liquid crystal and fixing the alignment, to thereby enlarge
the viewing angle. With liquid crystal display devices for TV
set use which are of a large size and expected to be viewed at
various angles requirement for viewing angle dependence is
so severe that even the above-mentioned technique fails to
satisfy the severe requirement. Thus, there have been studied
liquid crystal display devices different from the TN mode
liquid crystal display devices, such as IPS (In-Plane Switch-
ing) mode, OCB (Optically Compensatory Bend) modeor VA
(Vertically Aligned) mode ones. In particular, the VA mode
liquid crystal display device gives a high contrast and can be
produced in a high yield, thus being noted as liquid crystal
display devices for TV set use.

[0005] Now, a cellulose acylate film has a special feature
that, in comparison with other polymer films, it has a high
optical isotropy (low retardation value). Therefore, it usually
finds application to uses which require optical isotropy, such
as a polarizing plate.

[0006] On the other hand, an optical compensatory sheet
(retardation film) for a liquid crystal display device is
required to have an optical anisotropy (high retardation
value). In particular, an optical compensatory sheet for VA
modeis required to have aretardation in plane (Re) of from 30
to 200 nm and a retardation along the thickness (Rth) of from
70 to 400 nm. Thus, it has been common to use, as the optical
compensatory sheet, a synthetic polymer film having a high
retardation value such as a polycarbonate film or a polysul-
fone film. As is described above, in the field of optical mate-
rials, it has been a general principal to use a synthetic polymer
film in the case where an optical anisotropy (high retardation
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value) is required for a polymer film and to use a cellulose
acylate film in the case where an optical isotropy (low retar-
dation value) is required.

[0007] Reversing this conventional general principle,
JP-A-2001-249223 proposes a cellulose acetate film having
an enough high retardation value to find application to the use
which requires the optical anisotropy. In this proposal, in
order to realize a high retardation value with cellulose triac-
etate, an aromatic compound having at least 2 aromatic rings,
in particular, a compound having 1,3,5-triazine rings, is
added thereto, followed by stretching treatment. It is gener-
ally known that cellulose triacetate is a high molecular mate-
rial which is so difficult to stretch that it is difficult to increase
its birefringence index. In the proposal, however, birefrin-
gence index is increased by aligning the additive simulta-
neously upon the stretching treatment, thus realizing a high
retardation value. This film has the advantage that, since it can
also function as the protective film of the polarizing plate, it
can provide an inexpensive, thin liquid crystal display device.

DISCLOSURE OF THE INVENTION

[0008] JP-A-2001-249223 discloses that a wide viewing
angle can be obtained by using an optical compensatory sheet
consisting of a cellulose acetate film having an Re value in the
range of from 20 nm to 70 nm and an Rth value in the range
of from 70 nm to 400 nm, but does not disclose techniques for
reducing difference in tint (color shift) between viewing from
the normal direction of a liquid cell and viewing from other
inclined direction upon black display.

[0009] Inrecentyears, with respect to liquid crystal display
devices, there has been an increasing demand for improving
displayed color as well as the viewing angle defined in terms
of contrast ratio

[0010] An object of the invention is to provide a polarizing
plate which provides a wide viewing angle and causes a
reduced color shift upon black display, and a liquid crystal
display device using the polarizing plate which device pro-
vides a wide viewing angle and causes a reduced color shift
upon black display.

[0011] It has conventionally been studied to obtain a wide
viewing angle and reduce color shift upon black display at the
same time by controlling the Re value and the Rth value of a
protective film of a polarizing plate provided on a liquid
crystal cell side. However, sufficient improvement for reduc-
ing color shift has not been attained only by controlling the
two parameters.

[0012] As aresult of intensive investigations, the inventors
have unexpectedly found that a liquid crystal display device
which provides a wide viewing angle and reduces color shift
upon black display can be provided by not only controlling
the Re value and the Rth value of a protective film of a
polarizing plate on a liquid crystal cell side to be within
optimal ranges but also controlling hues of polarizers to be
within optimal ranges when the polarizers are disposed in an
orthogonal position and controlling the color temperature of
a back light of a liquid crystal display device to be within an
optimal range. That is, the invention relates to a polarizing
plate and a liquid crystal display device having the following
constitution, whereby the above objects of the invention have
been attained.

[0013] (1) A polarizing plate comprising:
[0014] at least one protective film; and
[0015] a polarizing film,
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[0016] wherein the protective film disposed on a liquid
crystal cell side has Reg;, and Rth;, satisfying following
numerical formulae (T) and (IT), and

[0017] wherein the polarizing plate gives, when disposed in
an orthogonal position, ahuea’ anda hue b” of the polarizing
plate disposed in an orthogonal position satisfying following
numerical formulae (TIT) and (TV):

45 nm=Re 590,=65 nm numerical formula (I)

150 nm=Rik505,=240 nm numerical formula (II)

-1.0=4"£2.0 numerical formula (IIT)

-1.0=p"220 numerical formula (IV)

[0018] wherein Re,, represents a retardation value in plane
at a wavelength of Anm (unit: nm); and

[0019] Rthy;, represents a retardation value along a thick-
ness of the film (unit: nm).

[0020] (2) The polarizing plate as described in (1) above,
which has a single plate transmission of 41% or more, a
parallel transmission of 35% or more, an orthogonal trans-
mission 0f 0.02% or less and a polarizing degree of 99.93% or
more.

[0021] (3) The polarizing plate as described in (1) or (2)
above,
[0022] wherein the protective film disposed on a liquid

crystal cell side has Reg,, and Rth;, satisfying following
numerical formulae (V) to (VIII):

1.0=ReugoyRessq =1.1 numerical formula (V)

0.9=Reg30/Re (550 =1.0 numetical formula (VI)
LO=Rthyg0/Rhss,=1.1 numerical formula (VII)

0.9=Rih g30/Rih (550 =1.0. numerical formula (VIII)

[0023] (4) The polarizing plate as described in any of (1) to
(3) above,
[0024] wherein the protective film disposed on a liquid

crystal side is a cellulose acylate film comprising a cellulose
acylate obtained by substituting hydroxyl groups of glucose
unit constituting cellulose with an acyl group containing 2 or
more carbon atoms, and satisfying following formulae (IX)
and (X):

2.0=DS2+DS3+DS6=3.0 (IX)
DS6/(DS2+DS3+DS6)=0.315 X)
[0025] wherein DS2 represents a substitution degree of

hydroxyl group at 2-position of the glucose unit by the acyl
group;

[0026] DS3 represents a substitution degree of hydroxyl
group at 3-position of the glucose unit by the acyl group; and
[0027] DS6 represents a substitution degree of hydroxyl
group at 6-position of the glucose unit by the acyl group.

[0028] (5) The polarizing plate as described in (4) above,
[0029] wherein the acyl group is an acetyl group.

[0030] (6) The polarizing plate as described in any of (1) to
(3) above,

[0031] wherein the protective film disposed on a liquid

crystal side is a cellulose acylate film containing a cellulose
acylate, which is a mixed fatty acid ester of cellulose, as a
major polymer component, wherein hydroxyl groups of the
cellulose are substituted by an acetyl group and anacyl group
containing 3 or more carbon atoms, and
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[0032] wherein a substitution degree A of the acetyl group
and a substitution degree B of the acyl group containing 3 or
more carbon atoms satisfying following numerical formulae

(XT) and (XII):

2.0Z4+B=3.0 numerical formula (XI)
D<B. numerical formula (XII)
[0033] (7) The polarizing plate as described in (6) above,

[0034] wherein the acyl group containing 3 or more carbon
atoms is a butanoyl group.

[0035]
[0036] wherein the acy] group containing 3 or more carbon
atoms is a propionyl group.

(8) The polarizing plate as described in (6) above,

[0037] (9) The polarizing plate as described in any of (6) to
(8) above,
[0038] wherein the substitution degree of the hydroxyl

group at 6-position of cellulose is 0.75 or more.

[0039] (10) The polarizing plate as described in any of (1)
to (3) above,
[0040] wherein the protective film disposed on a liquid

crystal side is a film comprising a cyclic polyolefin.

[0041] (11) The polarizing plate as described in any of (1)
to (10) above,
[0042] wherein the protective film disposed on a liquid

crystal side contains at least one of a plasticizer, a UV ray
absorbent, a peeling accelerator, a dye and a matt agent.

[0043] (12) The polarizing plate as described in any of (1)
to (11) above,
[0044] wherein the protective film disposed on a liquid

crystal side contain one or more rod-like or discotic com-
pound as a retardation increasing agent.

[0045] (13) The polarizing plate as described in any of (1)
to (12) above,
[0046] wherein the protective film disposed on a liquid

crystal side is a film consisting of a single layer.
[0047]
[0048]
[0049] a pair of polarizing plates respectively disposed on
both sides of the liquid crystal cell in an orthogonal position,
[0050] wherein at least one of the pair of the polarizing
plates is a polarizing plate as described in any of (1) to (13)
above.

[0051] (15)Theliquid crystal display device as described in
(14) above,

[0052] wherein a color temperature of a back light is
between 8,000 and 10,000K.

[0053] (16) Theliquid crystal display device as described in
(14) or (15) above, wherein the liquid crystal cell is of a
vertically aligned mode.

(14) A liquid crystal display device comprising:
a liquid crystal cell; and

BRIEF DESCRIPTION OF THE DRAWING

[0054] FIG. 1 is a schematic view showing a method of
sticking a cellulose acylate film upon preparation of the polar-
izing plate of the invention;

[0055] FIG. 2is across-sectional view schematically show-
ing the cross-sectional structure of the polarizing plate of the
invention; and
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[0056] FIG.3isacross-sectional view schematically show-
ing the cross-sectional structure of the polarizing plate of the
invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0057] The invention will be described in detail below.
Additionally, in the case where a numerical value represents
a physical value or a characteristic value, a description of
“(numerical value 1) to (numerical value 2)” used in the
invention means “(numerical value 1) to (numerical value 2)
inclusive”. Also, in this specification, a description of “(meth)
acryloyl” means “at least either of acryloyl and methacry-
loyl”. The same applies to “(meth)acrylate” and “(meth)
acrylic acid”.

[0058] The inventors of the invention have found that the
above-described problems can be solved by controlling the
Re value and the Rth value of a protective film disposed on the
liquid crystal cell side and controlling the hues of polarizing
plates to be in the following ranges when the plates are dis-
posed in an orthogonal position.

[0059] That is, the invention is characterized in that Re,,
and Rth,, of a protective film to be disposed on the liquid
crystal side satisfy the following numerical formulae (I) and
(1), and the hue a and the hue b of a polarizing plate satisfy the
following numerical formulae (IIT) and (IV):

45 nm=KRe 550,=65 nm numerical formula (I)

150 nm =Rtk 560,240 nm numerical formula (II)

-1.0=a"£20 numerical formula (II7)

-1.0=5"£20 numerical formula (IV)

wherein Re;, represents a retardation value in plane at a
wavelength of Anm (unit: nm), and Rth,, , represents a retar-
dation value along the thickness of the film (unit: nm).
[0060] As a result of intensive investigations, the inventors
have found the following facts, thus having achieved the
invention based on the findings.

(1) When Resoq) and Rth 544, are outside the above-described
ranges specified by the numerical formulae (1) and (II), there
results a seriously reduced viewing angle.

(2) In the case where Re(590)<45 nm and/or Rth(590)<150
nm, tint viewed from an inclined angle with respect to the
normal direction of a liquid crystal cell is strongly reddish
upon black display. In the case where Re594,>65 nm and/or
Rith50,>240 nm, tint viewed from an inclined angle with
respect to the normal direction of a liquid crystal cell is
strongly bluish upon black display.

(3) Regarding the numerical formula (IIT), when a“<-1.0, the
polarizer gives an increased greenish hue whereas, when
a">2.0, it gives an increased reddish hue. Regarding the
numerical formula (IV), when b” <-1.0, the polarizer gives an
increased bluish hue whereas, when b’>2.0, it gives an
increased yellowish hue.

[0061] The single plate transmission and the parallel trans-
mission of a polarizing plate are characteristics which influ-
ences luminance upon white display. Further investigation of
the inventors of the invention has revealed that, in order to
realize a high luminance, the single plate transmission is
preferably 41% or more, more preferably 42% or more, and
the parallel transmission is preferably 35% or more, more
preferably 36% or more.
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[0062] Also, the orthogonal transmission of a polarizing
plate is a characteristic which influences luminance upon
black display and, in order to realize a good black display or
a high contrast, the orthogonal transmission is preferably
0.02% or less, more preferably 0.01% or less.

[0063] Wavelength distribution of Re;, and Rth, , ofa pro-
tective film to be disposed on a liquid crystal cell side is a
characteristic which influences the tint when viewed from an
inclined direction with respect to the normal direction of a
liquid crystal cell upon black display, and it has been found
that it is preferred for the characteristic to satisfy the follow-
ing formulae (V) to (VIID):

1.0=ReugqyRessy=1.1 numerical formula (V)

0.9ZReg30/Re 550 =1.0 numerical formula (VI)

LO=Rthgo/Rils50=1.1 numerical formula (VII)

0.9=Rthgz0/Rth(ss0,=1.0. numerical formula (VIIT)

[0064] TheRe value and the Rth value of the protective film
can be controlled by adjusting the substitution degree of
cellulose acylate to be used for the protective film, the kind
and the amount of a retardation increasing agent to be added
to the cellulose acylate film, the drying temperature and the
drying time for the cellulose acylate film, the stretch ratio and
the stretching temperature for the cellulose acylate film, and
the amount of a residual solvent upon stretching. Preferred
ranges and preferred controlling methods for individual fac-
tors will be described below.

[0065] First, a cellulose acylate capable of exhibiting a
large optical anisotropy to be used in the invention will be
described in detail below. In the invention, different two or
more kinds of cellulose acylates may be mixed to use. In the
case where the cellulose acylate film is a protective film to be
disposed on the liquid crystal cell side of a polarizing plate, it
preferably satisfies the following formulae (IX) and (X):

2.0=DS2+DS3+DS6=3.0 (IX)

DS6/(DS2+DS3+DS6)=0.315 X)

(wherein DS2 represents a substitution degree of hydroxyl
group at 2-position of the glucose unit by the acyl group, DS3
represents a substitution degree of hydroxyl group at 3-posi-
tion of the glucose unit by the acyl group, and DS6 represents
a substitution degree of hydroxyl group at 6-position of the
glucose unit by the acyl group).

[0066] To satisfy the above-described formulae (IX) and
(X) can improve solubility in a solvent and reduce humidity
dependence of optical anisotropy.

[0067] Although a smaller sum of DS2+DS3+DS6 pro-
vides a larger optical anisotropy, there results a large change
in optical anisotropy when humidity changes, thus a too small
sum being practically problematical. On the other hand, a
larger sum of DS2+DS3+DS6 provides a smaller optical
anisotropy, though humidity dependence of optical anisot-
ropy is reduced. Thus, in order to obtain both a sufficient
emergence of optical anisotropy and a sufficient humidity
dependence of optical anisotropy, the sum of DS2+DS3+DS6
is preferably from 2.2 to 2.9, more preferably from 2.4 to
2.85.

[0068] Inorder to suppress change in optical anisotropy by
change in humidity without spoiling emergence of optical
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anisotropy, it is preferred to further adjust DS6/(DS2+DS3 +
DS6) to 0.315 or more, with 0.318 or more being more pre-
ferred.

[0069] The aforesaid specific cellulose acylate may be a
cellulose acylate which is a mixed fatty acid ester of cellulose,
wherein hydroxyl groups of cellulose are substituted by an
acetyl group and an acyl group containing 3 or more carbon
atoms, with a substitution degree A of the acetyl group and a
substitution degree B of the acyl group containing 3 or more
carbon atoms satisfving the following numerical formulae
(XIII) and (XIIV):

2.0Z4+B=3.0 numerical formula (XII)
0<B. numerical formula (XIIV)
[0070] Glucose units connected to each other through -1,4

bond to constitute cellulose have free hydroxyl groups at 2-,
3- and 6-positions. Cellulose acylate is a polymer obtained by
esterifying part or whole of these hydroxyl groups with an
acyl group. The acyl substitution degree means the proportion
of esterified hydroxyl group of cellulose at the 2-, 3- or
6-position (substitution degree for 100% esterification being
D).

[0071] In the invention, the sum (A+B) of the substitution
degree A and the substitution degree B of hydroxyl groups is
preferably from 2.0 to 3.0 as shown by the above numerical
formula (X1II) more preferably from 2.2 to 2.9, particularly
preferably from 2.40 to 2.85. Also, the substitution degree B
is preferably more than 0 as shown by the above numerical
formula (XIIV), more preferably 0.6 or more.

[0072] In case where (A+B) is less than 2.0, there results
such a strong hydrophilicity that it is susceptible to the influ-
ence of surrounding humidity. Further, with B, it is preferred
that 28% or more of B corresponds to the substituent for the
6-position hydroxyl group, with the proportion being more
preferably 30% or more, still more preferably 31% or more,
particularly preferably 32% or more.

[0073] Still further, the sum of the substitution degrees A
and B at 6-position of cellulose is preferably 0.75 or more,
more preferably 0.80 or more, particularly preferably 0.85 or
more. A solution for preparing a film having a favorable
solubility and a favorable filterable property can be prepared
from such cellulose acylate, which permits to prepare a good
solution using a chlorine-free organic solvent. Further, it
becomes possible to prepare a solution having alow viscosity
and a good filterable property.

[0074] The acyl group (B) containing 3 or more carbon
atoms is not particularly limited and may be an aliphatic
group or an aromatic hydrocarbon group. Examples of cellu-
lose acylate having the acyl group. (B) include alkylcarbonyl
esters, alkenylcarbonyl esters, aromatic carbonyl esters and
aromatic alkylcarbonyl esters of cellulose, which may further
have a substituent. Preferred examples of the acyl group B
include a propionyl group, a butanoyl group, a heptanoyl
group, a hexanoyl group, an octanoyl group, a decanoyl
group, a dodecanoyl group, a tridecanoyl group, a tetrade-
canoyl group, a hexadecanoyl group, an octadecanoyl group,
an iso-butanoyl group, a t-butanoyl group, a cyclohexanecar-
bonyl group, an oleoyl group, a benzoyl group, a naphthyl-
carbonyl group and a cinnamoyl group. Of these, propionyl,
butanoyl, dodecanoyl, octadetanoyl, t-butanoyl, oleoyl, ben-
zoyl, naphthylcarbonyl and cinnamoyl are preferred. Particu-
larly preferred are a propionyl group and a butanoyl group.
With a propionyl group, the substitution degree B is prefer-
ably 1.3 or more.
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[0075] As the mixed fatty acid cellulose acylate, there are
specifically illustrated cellulose acetate propionate and cel-
lulose acetate butyrate.

[Process for Synthesizing Cellulose Acylate]

[0076] The fundamental principle of a process for synthe-
sizing cellulose acylate is described in Migita et al., Mokuzai
Kagaku, pp. 180-190 (Kyoritsu Shuppan, 1968). A typical
synthesizing process is a liquid phase acetylating process
using a carboxylic acid anhydride-acetic acid-sulfuric acid
catalyst.

[0077] In obtaining the cellulose acylate, a cellulose raw
material such as cotton fiber linter or wood pulp is pretreated
with a suitable amount of acetic acid. then added to a previ-
ously cooled mixed solution for carboxylation to conduct
esterification, thus a complete cellulose acylate (wherein the
sum of acyl substitution degrees at 2-, 3- and 6-positions is
approximately 3.00) being synthesized.

[0078] The mixed solution for carboxylation generally
includes acetic acid as a solvent, a carboxylic acid anhydride
as an esterifying agent, and sulfuric acid as a catalyst. The
carboxylic acid anhydride is commonly used in a stoichio-
metrically excess amount based on the sum of the amount of
cellulose and the amount of moisture existing within the
system, which react with the carboxylic acid anhydride. After
completion of the esterification reaction, an aqueous solution
of a neutralizing agent (e.g., carbonate, acetate or oxide of
calcium, magnesium, iron, aluminum or zinc) is added
thereto in order to hydrolyze the excess carboxylic acid anhy-
dride remaining within the system and neutralize part of the
esterification catalyst.

[0079] Next, the thus-obtained complete cellulose acylate
is kept at 50 to 90° C. in the presence of a small amount of an
acetylation reaction catalyst (generally, remaining sulfuric
acid) to saponify and ripen in order to change the acyl sub-
stitution degree and the polymerization degree of the cellu-
lose acylate to desired levels. At the point where a desired
cellulose acylate is obtained, the catalyst remaining within
the system is completely neutralized with the neutralizing
agent such as is described hereinbefore or, without neutral-
ization, the cellulose acylate solution is thrown into water or
dilute sulfuric acid (or water or dilute sulfuric acid is thrown
into the cellulose acylate solution) to separate cellulose acy-
late, followed by washing and conducting a stabilizing treat-
ment, thus the specific cellulose acylate being obtained.
[0080] With the aforesaid cellulose acylate film, the poly-
mer component constituting the film preferably comprises
substantially the specific cellulose acylate.

[0081] The term “substantially” as used herein means 55%
by mass or more (preferably 70% by mass or more, more
preferably 80% by mass or more) of the polymer component
based on the total cellulose acylate amount. (In this specifi-
cation, mass ratio is equal to weight ratio.)

[0082] Thecellulose acylateis preferably used in a particu-
late form. 90% by mass or more of the particles to be used
preferably have a particle size of from 0.5 to 5 mm. Also, 50%
by mass or more of the particles to be used preferably have a
particle size of from 1 to 4 mm. The cellulose acylate particles
preferably have a shape as spherical as possible.

[0083] Thepolymerization degree of cellulose acylate to be
preferably usedin the invention is preferably from 200 to 700,
more preferably from 250 to 550, still more preferably from
250 to 400, particularly preferably from 250 to 350, in terms
of viscosity-average polymerization degree. The average
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polymerization degree can be measured by the limiting vis-
cosity method of Uda et al. (Kazuo Uda & Hideo Saito; Sen’i
Gakkaishi, vol. 18, No. 1, pp. 105-120, 1962). Further,
detailed descriptions are given in JP-A-9-95538.

[0084] Removal of a low molecular component increases
the average molecular mass (polymerization degree), but
lowers the viscosity in comparison with common cellulose
acylate. Therefore, as the aforesaid cellulose acylate, those
from which a low molelculer component has been removed
are useful.

[0085] Such celluloce acylate containing a less amount of
the low molecular component can be obtained by removing
the low molecular component from cellulose acylate synthe-
sized according to the usual process. Removal of the low
molecular component can be performed by washing the cel-
lulose acylate with a suitable organic solvent. Additionally, in
the case of producing cellulose acylate containing a less
amount of the low molecular component, it is preferred to
adjust the amount of the sulfuric acid catalyst in the acetyla-
tion reaction to 0.5 to 25 parts by mass per 100 parts by mass
of cellulose acylate. When the amount of the sulfuric acid
catalyst is adjusted to the above-mentioned range, there can
be synthesized a cellulose acylate also favorable in the point
of molecular mass distribution (having a uniform molecular
weigh distribution).

[0086] Inthe case of using the cellulose acylate for produc-
ing a film, its water content is preferably 2% by mass or less,
more preferably 1% by mass or less, particularly preferably
0.7% by mass or less. Cellulose acylate generally contains
water, and the content of water is known to be from 2.5 to 5%
by mass. In the invention, drying of the film is required in
order to adjust the water content of cellulose acylate to a level
within the above-described preferred range. The drying
method is not particularly limited as long as the water content
can be adjusted to the intended level.

[0087] As to theraw cotton and synthesizing process of the
cellulose acylate, those raw cottons and synthesizing pro-
cesses can be employed which are described in detail in
Hatsumei Kyokai Kokai Giho, Kogi No. 2001-1745 (pub-
lished on Mar. 15, 2001 by Hatsumei Kyokai), pp. 7-12.
[0088] A cellulose acylate film of the invention can be
obtained by forming a film using a solution of the specific
cellulose acylate and, if necessary, additives in an organic
solvent.

[Additives]

[0089] Examples of additives to be used in the invention in
the cellulose acylate solution include a plasticizer, a UV ray
absorbent, a deterioration-preventing agent, a retardation
(optical anisotropy) increasing agent, a retardation (optical
anisotropy) decreasing agent, fine particles, a peeling accel-
erator and an infrared ray absorbent. In the invention, use of a
retardation increasing agent is preferred. Also, use of at least
one of a plasticizer, a UV ray absorbent and a peeling accel-
erator is preferred.

[0090] They may be a solid or an oily material. That is, they
are not particularly limited as to their melting points or boil-
ing points. For example, it is possible to mix a UV ray absor-
bent having a melting point of 20° C. or less with a UV ray
absorbent having a melting point of 20° C. or more to use.
Likewise, plasticizers may be mixed to use. Descriptions
thereon are given in, for example, JP-A-2001-151901.
[0091] As the UV ray absorbent, any kind of UV ray absor-
bents may be selected according to purpose. There may be
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used salicylate series, benzophenone series, benzotriazole
series; benzoate series, cyanoacrylate series and nickel com-
plex salt series UV ray absorbents. Of these, benzophenone
series, benzotriazole series and salicylate series UV ray
absorbents are preferred.

[0092] Examples ofthe benzophenone series UV ray absor-
bent include 2,4-dihydroxybenzophenone, 2-hydroxy-4-ac-
etoxybenzophenone, 2-hydroxy-4-methoxybenzophenone,
2,2"-di-hydroxy-4-methoxybenzophenone, 2,2'-dihydroxy-4,
4'-methoxybenzophenone, 2-hydroxy-4-n-octoxybenzophe-
none, 2-hydroxy-4-dodecyloxybenzophenone and 2-hy-
droxy-4-(2-hydroxy-3-methacryloxy)
propoxybenzophenone.

[0093] Examples of the benzotriazole series UV ray absor-
bent include 2(2'-hydroxy-3'-tert-butyl-5'-methylphenyl)-5-
chlorobenzotriazole, 2(2'-hydroxy-5'-t-butylphenyl)benzot-
riazole, 2(2'-hydroxy-3',5'-di-t-amylphenyl)benzotriazole,
2(2'-hydroxy-3',5'-di-t-butylphenyl)-5-chlorobenzotriazole
and 2(2'-hydroxy-5'-t-octylphenyl)benzotriazole.

[0094] Examples of the salicylate series UV ray absorbent
include phenyl salicylate, p-octylphenyl salicylate and p-tert-
butylphenyl salicylate.

[0095] Of'these illustrative UV ray absorbents, 2-hydroxy-
4-methoxybenzophenone,  2,2'-di-hydroxy-4,4'-methoxy-
benzophenone, 2(2'-hydroxy-3'-t-butyl-5'-methylphenyl)-5-
chlorobenzotriazole, 2(2'-hydroxy-5'-t-butylphenyl)
benzotriazole, 2(2'-hydroxy-3',5'-di-t-amylphenyl)
benzotriazole and 2(2'-hydroxy-3',5'-di-t-butylphenyl)-5-
chlorobenzotriazole are particularly preferred.

[0096] Useof a mixture of plural UV ray absorbents differ-
ent from each other in absorption wavelength is preferred
because a high shielding effect is obtained over a wide wave-
length region. As a UV ray absorbent for a liquid crystal,
those which have an excellent ability of absorbing UV rays of
370 nm or shorter in wavelength and less absorb visible light
of 400 nm or longer in wavelength are preferred in view of
preventing deterioration of liquid crystal and in view of liquid
crystal display performance, respectively. Particularly pre-
ferred UV ray absorbents are the aforementioned benzotria-
7zole series compounds, benzophenone series compounds and
salicylate series compounds. Among them, benzotriazole
series compounds are preferred since they cause less colora-
tion of cellulose which coloration is unnecessary.

[0097] Also, as the UV ray absorbents, those compounds
can be used as well which are described in JP-A-60-235852,
JP-A-3-199201, JP-A-5-1907073, JP-A-5-194789, JP-A-5-
271471, JP-A-6-107854, JP-A-6-118233, JP-A-6-148430,
JP-A-7-11056, JP-A-7-11055, IP-A-7-11056, JP-A-8-
29619, JP-A-8-239509 and JP-A-2000-204173.

[0098] The addition amount of the UV ray absorbent is
preferably from 0.001 to 5% by mass, more preferably from
0.01 to 1% by mass. Anaddition amount equal to or more than
0.001% by mass is preferred because the additive can fully
exert its effects, and an addition amount equal to or less than
5% by mass is preferred because breed-out of the UV ray
absorbent onto the surface of the film can be suppressed.
[0099] Itisalso possibleto add the UV ray absorbent simul-
taneously with dissolution of cellulose acylate, or may be
added to a dope after dissolution. In particular, an embodi-
ment is preferred wherein a solution of a UV ray absorbent is
added immediately before casting using a static mixer,
because it facilitates adjustment of spectral absorption char-
acteristics.

[Deterioration-Preventing Agent]

[0100] The deterioration-preventing agent can prevent
deterioration and decomposition of cellulose triacetate or the
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like. As the deterioration-preventing agent, there are illus-
trated butylamine, hindered amine compounds (JP-A-8-
325537), guanidine compounds (JP-A-5-271471), benzotria-
zole series UV ray absorbents (JP-A-6-235819) and
benzophenone series UV ray absorbents (JP-A-6-118233).
[0101] As the plasticizer, phosphates and carboxylates are
preferred. The plasticizers are more preferably those which
are selected from among triphenyl phosphate (TPP), tricresyl
phosphate (TCP), cresyldiphenyl phosphate, octyldiphenyl
phosphate, biphenyldiphenyl phosphate (BDP), trioctyl
phosphate, tributyl phosphate, dimethyl phthalate (DMP),
diethyl phthalate (DEP), dibutyl phthalate (DBP), dioctyl
phthalate (DOP), diphenyl phthalate (DPP), diethylhexyl
phahalate (DEHP), triethyl O-acetylcitrate (OACTE), triethyl
acetylcitrate, tributyl acetylcitrate, butyl oleate, methyl
acetylricinolate, dibutyl sebacate, triacetin, tributyrin,
butylphthalylbutyl glycolate, ethylphthalylethyl glycolate,
methylphthalylethyl glycolate and butylphthalylbutyl glyco-
late. Further, the plasticizers are preferably (di)pentaerythri-
tol esters, glycerol esters and diglycerol esters.

[0102] As examples of the peeling accelerators, there are
illustrated ethyl esters of citric acid. Further, infrared absor-
bents are described in, for example, JP-A-2001-194522.
[0103] As to the stage of adding the additives, they may be
added inany stage of the dope-preparing step or, alternatively,
a step of adding the additives may be additionally provided
after the final stage of the dope-preparing step. Further, the
addition amount of each material is not particularly limited as
long as its function can be obtained. Also, in the case where
the cellulose acylate film has a multi-layered structure, kinds
and addition amounts of the additives for respective layers
may be different. For example, related descriptions are given
in JP-A-2001-151902, which are conventionally known tech-
niques. It is preferred to adjust the glass transition point Tg of
the cellulose acylate film measured by means of a dynamic
viscoelasticity-measuring machine “Vibron DVA-225”
(manufactured by IT Keisoku Seigyo K.K.) to 70 to 150° C.
and the modulus of elasticity of the cellulose acylate film
measured by means of a tensile tester “Storograph-R2”
(manufactured by K.K. Toyo Seiki Seisakusho) to 1500 to
4000 MPa by selecting the kinds and the amounts of the
additives. The glass transition point Tg is more preferably 80
to 135° C., and the modulus of elasticity is more preferably
1500 to 3000 MPa. That is, the cellulose acylate film to be
used in the invention preferably has a glass transition point Tg
and a modulus of elasticity within the above-mentioned
ranges, respectively, in view of processability of a polarizing
plate and adaptability to a process of assembling a liquid
crystal display device.

[0104] As to the additives, those which are described in
Hatsumei Kyokai Kokai Giho, Kogi No. 2001-1745 (pub-
lished by Hatsumei Kyokai on Mar. 15, 2001), p. 16 et seq.
may properly be used.

(Retardation Increasing Agent)

[0105] In the invention, in the case of largely increasing
optical anisotropy to realize a preferred retardation value, it is
preferred to use a retardation increasing agent.

[0106] As a retardation increasing agent to be used in the
invention, there may be illustrated those which comprise a
rod-like or discotic compound.

[0107] As the rod-like or discotic compound, those which
have at least two aromatic rings may be used.
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[0108] The addition amount of the retardation increasing
agent comprising a rod-like compound is preferably from 0.1
to 30 parts by mass, more preferably from 0.5 to 20 parts by
mass, per 100 parts by mass of the polymer component
including cellulose acylate.

[0109] The discotic retardation increasing agent is used in
an amount of preferably from 0.1 to 30 parts by mass, more
preferably from 0.5 to 20 parts by mass, particularly prefer-
ably from 3 to 10 parts by mass, per 100 parts by mass of the
polymer component including cellulose acylate.

[0110] Inthecase whereaparticularly large Rth retardation
is required, the discotic compound is preferably used because
it has a more excellent Rth retardation increasing ability than
that of the rod-like compound.

[0111] Two or more kinds of retardation increasing agents
may be used in combination thereof.

[0112] The retardation increasing agent comprising the
rod-like or discotic compound has the maximum absorption
in the wavelength region of preferably 250 to 400 nm and
preferably has substantially no absorption in the visible
region.

(Discotic Compound)

[0113] The discotic compound will be described below.
[0114] As the discotic compound, those compounds may
be used which have at least two aromatic rings.

[0115] The term “aromatic ring” as used herein includes
aromatic hetero rings in addition to aromatic hydrocarbon
rings.

[0116] The aromatic hydrocarbon ring is particularly pref-
erably a 6-membered ring (i.e., benzene ring). In general, the
aromatic hetero ring is an unsaturated hetero ring. The aro-
matic hetero ring is preferably a 5-, 6- or 7-membered ring,
with a 5- or 6-membered ring being more preferred.

[0117] The aromatic hetero ring generally has the maxi-
mum double bonds.

[0118] As thehetero atom, nitrogen atom, oxygen atom and
sulfur atom are preferred, with nitrogen atom being particu-
larly preferred. Examples of the aromatic hetero ring include
a furan ring, a thiophene ring, a pyrrole ring, an oxazole ring,
an isoxazole ring, a thiazole ring, an isothiazole ring, an
imidazole ring, a pyrazole ring, a furazane ring, a triazole
ring, a pyran ring, a pyridine ring, a pyridazine ring, a pyri-
midine ring, a pyrazine ring and a 1,3,5-triazine ring. As the
aromatic ring, a benzene ring, a furan ring, a thiophene ring,
a pyrrole ring, an oxazole ring, a thiazole ring, an imidazole
ring, a triazole ring, a pyridine ring, a pyrimidine ring, a
pyrazine ring and a 1,3,5-triazine ring are preferred, with a
1,3,5-triazine ring being particularly preferably used. Spe-
cifically, compounds disclosed in, for example, JP-A-2001-
166144 are preferably used as the discotic compound.
[0119] The number of aromatic rings the discotic com-
pound has is preferably from 2 to 20, more preferably from 2
to 12, still more preferably from 2 to 8, most preferably from
210 6.

[0120] Binding relations of two aromatic rings can be clas-
sified into (a) the case of forming a condensed ring system, (b)
the case of the two aromatic rings being directly connected to
each other through a single bond, and (c) the case of the two
aromatic rings being connected to each other through a link-
ing group (spiro-union not being formed since the two rings
are aromatic rings). The binding relation may be any of (a) to

(c).
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[0121] Examples of the condensed ring system (a) (con-
densed ring system containing two or more aromatic rings)
include an indene ring, a naphthalene ring, an azulene ring, a
fluorene ring, a phenanthrene ring, an anthracene ring, an
acenaphthylene ring, a biphenylene ring, a naphthacene ring,
a pyrene ring, an indole ring, a benzofuran ring, a ben-
zothiophene ring, an indolizine ring, a benzoxazole ring, a
benzothiazole ring, a benzimidazole ring, a benzotriazole
ring, a purine ring, an indazole ring, a chromene ring, a
quinoline ring, an isoquinoline ring, a quinolizine ring, a
quinazoline ring, a cinnoline ring, a quinoxaline ring, a
phthalazine ring, a pteridine ring, a carbazole ring, an acridine
ring, a phenanthridine ring, a xanthene ring, a phenazine ring,
aphenothiazine ring, a phenoxathine ring, a phenoxazine ring
and a thianthrene ring. Of these, a naphthalene ring, an azu-
lene ring, an indole ring, a benzoxazole ring, a benzothiazole
ring, a benzimidazole ring, a benzotriazole ring and a quino-
line ring are preferred.

[0122] The single bond (b) is preferably a bond between
carbon atoms of two aromatic rings. Two aromatic rings may
be connected to each other by two or more single bonds to
form an alicyclic ring or a non-aromatic hetero ring between
the two aromatic rings.

[0123] The linking group (c) is preferably a group connect-
ing carbon atoms of two aromatic rings as well. The linking
group is preferably an alkylene group, an alkenylene group,
an alkynylene group, —CO—,—O—,—NH—,—S—orthe
combination thereof.

[0124] Examples of the linking group comprising the com-
bination are shown below. Additionally, the relation between
the right side and the left side of each example of the linking
group may be reversed.

¢, —CO—0—

c,: —CO—NH—

¢, -alkylene-O
¢, —NH—CO—NH—

cs: —NH—CO—0—

¢ —O0—CO—0

¢;: —O-alkylene-O—

cg: —CO-alkenylene-

¢y: —CO-alkenylene-NH—

¢,o: —CO-alkenylene-O—

¢, -alkylene-CO—O-alkylene-O—CO-alkylene-

¢,,: —O-alkylene-CO—O-alkylene-O—CO-alkylene-O

C,;: —0O—CO-alkylene-CO—O—
C, 4 —NH—CO-alkenylene-

[0125] c,5: —O—CO-alkenylene-

[0126] The aromatic ring and the linking group may have a
substituent.

[0127] Examples of the substituent include a halogen atom

(F, Cl. Br or 1), a hydroxyl group, a carboxyl group, a cyano
group, an amino group, a nitro group, a sulfo group, a car-
bamoyl group, a sulfamoyl group, a ureido group, an alkyl
group, an alkenyl group, an alkynyl group, an aliphatic acyl
group, an aliphatic acyloxy group, an alkoxy group, an
alkoxycarbonyl group, an alkoxycarbonylamino group, an
alkylthio group, an alkylsulfonyl group, an aliphatic amido
group, an aliphatic sulfonamido group, an aliphatic substi-
tuted amino group, an aliphatic substituted carbamoyl group,
an aliphatic substituted sulfamoyl group, an aliphatic substi-
tuted ureido group and a non-aromatic hetero ring group.
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[0128] The alkyl group preferably has 1 to 8 carbon atoms.
A chain alkyl group is more preferred than a cyclic alkyl
group, with a straight-chain alkyl group being particularly
preferred. The alkyl group may further have a substituent
(e.g., a hydroxyl group, a carboxyl group, an alkoxy group or
an alkyl-substituted amino group). Examples of the alkyl
group (including substituted alkyl groups) include a methyl
group, an ethyl group, a n-butyl group, a n-hexyl group, a
2-hydroxyethyl group, a 4-carboxybutyl group, a 2-methoxy-
ethyl group and a 2-diethylaminoethyl group.

[0129] The alkenyl group preferably has 2 to 8 carbon
atoms. A chain alkenyl group is more preferred than a cyclic
alkenyl group, with a straight-chain alkenyl group being par-
ticularly preferred. The alkenyl group may further have a
substituent. Examples of the alkenyl group include a vinyl
group, an allyl group and a 1-hexenyl group.

[0130] The alkynyl group preferably has 2 to 8 carbon
atoms. A chain alkynyl group is more preferred than a cyclic
alkynyl group, with a straight-chain alkynyl group being par-
ticularly preferred. The alkynyl group may further have a
substituent. Examples of the alkynyl group include an ethynyl
group, a 1-butynyl group and a 1-hexynyl group.

[0131] The aliphatic acyl group preferably has 1 to 10 car-
bon atoms. Examples of the aliphatic acyl group include an
acetyl group, a propanoyl group and a butanoyl group.
[0132] The aliphatic acyloxy group preferably has 1 to 10
carbon atoms. Examples of the aliphatic acyloxy group
include an acetoxy group.

[0133] The alkoxy group preferably has 1 to 8 carbon
atoms. The alkoxy group may further have a substituent (e.g,,
an alkoxy group). Examples of the alkoxy group (including
substituted alkoxy groups) include a methoxy group, an
ethoxy group, a butoxy group and a methoxyethoxy group.
[0134] The alkoxycarbonyl group preferably has 2 to 10
carbon atoms. Examples of the alkoxycarbonyl group include
a methoxycarbonyl group and an ethoxycarbonyl group.
[0135] Thealkoxycarbonylamino group preferably has 2 to
10 carbon atoms. Examples of the alkoxycarbonylamino
group include a methoxycarbonylamino group and an
ethoxycarbonylamino group.

[0136] The alkylthio group preferably has 1 to 12 carbon
atoms. Examples of the alkylthio group include a methylthio
group, an ethylthio group and an octylthio group.

[0137] Thealkylsulfonyl group preferably has 1 to 8 carbon
atoms. Examples of the alkylsulfonyl group include a meth-
anesulfonyl group and an ethanesulfonyl group.

[0138] The aliphatic amido group preferably has 1 to 10
carbon atoms. Examples of the amido group include an aceta-
mido group.

[0139] Thealiphatic sulfonamido group preferably has 1 to
8 carbon atoms. Examples of the sulfonamido group include
a methanesulfonamido group, a butanesulfonamido group
and a n-octanesulfonamido group.

[0140] The aliphatic substituted amino group preferably
has 1 to 10 carbon atoms. Examples of the aliphatic substi-
tuted amino group include a dimethylamino group, a diethy-
lamino group and a 2-carboxyethylamino group.

[0141] The aliphatic substituted carbamoyl group prefer-
ably has 2 to 10 carbon atoms. Examples of the aliphatic
substituted carbamoylo group include a methylcarbamoyl
group and a diethylcarbamoyl group.

[0142] The aliphatic substituted sulfamoyl group prefer-
ably has 1 to 8 carbon atoms. Examples of the aliphatic
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substituted sulfamoyl group include a methylsulfamoyl
group and a diethylsulfamoyl group.

[0143] The aliphatic substituted ureido group preferably
has 2 to 10 carbon atoms. Examples of the aliphatic substi-
tuted ureido group include a methylureido group.

[0144] Examples of the non-aromatic hetero ring include a
piperidino group and a morpholino group.

[0145] The molecular mass of the retardation increasing
agent comprising the discotic compound is preferably 300 to
800.

[0146] Intheinvention, rod-like compounds having alinear
molecular structure also can preferably be used as well as the
aforesaid discotic compounds.

[0147] The phrase “linear molecular structured” as used
herein means that the molecular structure of the rod-like
compound in the thermodynamically most stable structure is
linear. The thermodynamically most stable structure can be
determined by structural analysis of crystal or by calculating
molecular orbital. For example, the molecular orbital calcu-
lation can be conducted by using a molecular orbital-calcu-
lating soft {for example, “WinMOPAC2000” manufactured
by Fujitsu K.K.} to determine the molecular structure with
whichheat of formation of the compound becomes minimum.
The phrase “the molecular structure is linear” as used herein
means that, in the thermodynamically most stable structure
which can be calculated as described above, the angle formed
by the main chain of the molecular structure is 140° or more.
[0148] As the rod-like compound, those compounds are
preferred which have at least two aromatic rings. The rod-like
compounds having at least two aromatic rings are preferably
compounds represented by the following formula (1):

Arl-L1-Ar? Formula (1)

[0149] In the above formula (1), Ar* and Ar* each indepen-
dently represents an aromatic group.

[0150] In this specification, the aromatic group includes an
aryl group (aromatic hydrocarbon group), a substituted aryl
group, an aromatic hetero ring group and a substituted aro-
matic hetero ring group. The aryl group and the substituted
aryl group are more preferred than the aromatic hetero ring
group and the substituted aromatic hetero ring group.

[0151] The aromatic ring of the aromatic hetero ring group
is generally unsaturated. The aromatic hetero ring is prefer-
ably a 5-, 6- or 7-membered ring, more preferably a 5- or
6-membered ring. The aromatic hetero ring generally has the
maximum number of double bonds. As the hetero atom, nitro-
gen atom, oxygen atom or sulfur atom is preferred, with
nitrogen atom or sulfur atom being more preferred.

[0152] As the aromatic ring of the aromatic group, a ben-
zene ring, a furan ring, a thiophene ring, a pyrrole, ring, an
oxazolering, a thiazole ring, an imidazole ring, atriazole ring,
a pyridine ring, a pyrimidine ring and a pyrazine ring are
preferred, with a benzene ring being particularly preferred.
[0153] Examples of the substituent for the substituted aryl
group and the substituted aromatic hetero ring group include
a halogen atom (F, CI, Br or I), a hydroxyl group, a carboxyl
group, a cyano group, an amino group, an alkylamino group
(e.g., a methylamino group, an ethylamino group, a buty-
lamino group or a dimethylamino group), a nitro group, a
sulfo group, a carbamoyl group, an alkylcarbamoyl group
(e.g., an N-methylcarbamoyl group, an N-ethylcarbamoyl
group or an N,N-dimethylcarbamoyl group), a sulfamoyl
group, an alkylsulfamoyl group (e.g., an N-methylsulfamoyl
group, an N-ethylsulfamoyl group or an N,N-dimethylsulfa-
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moyl group), a ureido group, an alkylureido group (e.g., an
N-methylureido group, an N,N-dimethylureido group or an
N,N,N-trimethylureido group), an alkyl group (e.g., a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a heptyl group, an octyl group, an isopropyl group, a
s-butyl group, a t-amyl group, a cyclohexyl group or a cyclo-
pentyl group), an alkenyl group (e.g., a vinyl group. an allyl
group or a hexenyl group), an alkynyl group (e.g., an ethynyl
group or a butynyl group). an acyl group (e.g., a formyl group,
an acetyl group, a butyryl group, a hexanoyl group or a lauryl
group), an acyloxy group (e.g., an acetoxy group, a butyry-
loxy group, a hexanoyloxy group or a lauryloxy group), an
alkoxy group (e.g., a methoxy group, an ethoxy group, a
propoxy group, a butoxy group, a pentyloxy group, a hepty-
loxy group or an octyloxy group), an aryloxy group (e.g., a
phenoxy group), an alkoxycarbonyl group (e.g., a methoxy-
carbonyl group, an ethoxycarbonyl group, a propoxycarbonyl
group, a butoxycarbonyl group, a pentyloxycarbonyl group or
a heptyloxycarbonyl group), an aryloxycarbonyl group (e.g.,
a phenoxycarbonyl group), an alkoxycarbonylamino group
(e.g., a butoxycarbonylamino group or a hexyloxycarbony-
lamino group), an alkylthio group (e.g., a methylthio group,
an ethylthio group, a propylthio group, a butylthio group, a
pentylthio group, a heptylthio group or an octylthio group),
an arylthio group (e.g., a phenylthio group), an alkylsulfonyl
group (e.g., amethylsulfonyl group, an ethylsulfonyl group, a
propylsulfonyl group, a butylsulfonyl group, a pentylsulfonyl
group, a heptylsulfonyl group or an octylsulfonyl group), an
amido group (e.g., an acetamido group, a butyramido group,
a hexanoylamido group or a lauroylamido group) and a non-
aromatic hetero ring group (e.g., a morpholino group or a
pyrazinyl group).

[0154] As the substituent of the substituted aryl group and
the substituted aromatic hetero ring group, a halogen atom, a
cyano group, a carboxyl group, a hydroxyl group, an amino
group, an alkyl-substituted amino group, an acyl group, an
acyloxy group, an amido group, an alkoxycarbonyl group, an
alkoxy group, an alkylthio group and an alkyl group are
preferred.

[0155] The alkyl moiety of the alkylamino group, alkoxy-
carbonyl group, alkoxy group and alkylthio group and the
alkyl group may further have a substituent. Examples of the
substituent for the alkyl moiety and the alkyl group include a
halogen atom, a hydroxyl group, a carboxyl group, a cyano
group, an amino group, an alkylamino group, a nitro group, a
sulfo group, a carbamoyl group, an alkylcarbamoyl group, a
sulfamoyl group, an alkylsulfamoyl group, a ureido group, an
alkylureido group, an alkenyl group, an alkynyl group, an
acyl group. an acyloxy group, an acylamino group, an alkoxy
group, an aryloxy group, an alkoxycarbonyl group, an ary-
loxycarbonyl group, an alkoxycarbonylamino group, an alky-
Ithio group, an arylthio group, an alkylsulfonyl group, an
amido group and a non-aromatic hetero ring group. As the
substituent for the alkyl moiety and the alkyl group, a halogen
atom, a hydroxyl group, an amino group, an alkylamino
group, an acyl group, an acyloxy group, an acylamino group,
an alkoxycarbonyl group and an alkoxy group are preferred.
[0156] Inthe foregoing formula (1), L' is adivalent linking
group selected from among an alkylene group, an alkenylene
group, an alkynylene group, —O—, —CO— and the combi-
nation thereof.
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[0157] The alkylene group may have a cyclic structure. As
the cyclic alkylene group, cyclohexylene is preferred, with
1,4-cyclohexylene being particularly preferred. As a chain
alkylene group, a straight-chain alkylene group is more pre-
ferred than an alkylene group having a branch. The alkylene
group preferably has 1 to 20 carbon atoms, more preferably 1
to 15 carbon atoms, still more preferably 1 to 10 carbon
atoms, yet more preferably 1 to 8 carbon atoms, most prefer-
ably 1 to 6 carbon atoms.

[0158] Itis more preferred for the alkenylene group and the
alkynylene group to have a chain structure than to have a
cyclic structure, and it is still more preferred for them to have
a straight chain structure than to have a branched chain struc-
ture. The alkenylene group and the alkynylene group prefer-
ably have 2 to 10 carbon atoms, more preferably 2 to 8 carbon
atoms, still more preferably 2 to 6 carbon atoms, yet more
preferably 2 to 4 carbon atoms, most preferably 2 carbon
atoms (vinylene or ethynylene).

[0159] The arylene group preferably has 6 to 20 carbon
atoms, more preferably 6 to 16 carbon atoms, still more
preferably 6 to 12 carbon atoms.

[0160] In the molecular structure of formula (1), the angle
formed by Ar' and Ar? is preferably 140° or more.

[0161] As the rod-like compounds, those compounds are
more preferred that are represented by the following formula

2):

Arl 12 X-L3AP8 Formula (2)

I
CsngoOC—OOCN
(0]
< > | < >
C5H130 c—0 OCH3

(46

48

(50
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[0162] Intheabove formula(2), Arl and Ar2 each indepen-
dently represents an aromatic group.

[0163] Definition and examples of the aromatic group are
the same as with Ar* and Ar? in the formula (1). In the above
formula (2), L? and L? each independently represents a diva-
lent group selected from among an alkylene group, —O—,
—CO— and the combination thereof.

[0164] Itis more preferred for the alkylene group to have a
chain structure than to have a cyclic structure, and it is still
more preferred for the alkylene group to have a straight chain
structure than to have a branched chain structure. The alky-
lene group preferably has 1 to 10 carbon atoms, more prefer-
ably 1 to 8 carbon atoms, still more preferably 1 to 6 carbon
atoms, yet more preferably 1 to 4 carbon atoms, most prefer-
ably 1 or 2 carbon atoms (methylene or ethylene).

[0165] L?andL?areparticularly preferably —O—CO—or
—CO—0—.

[0166] In formula (2), X is 1,4-cyclohexylene, vinylene or
ethynylene.
[0167] As specific examples of the compounds represented

by formula (1) or (2), there are illustrated compounds
described in JP-A-2004-109657, [Kal] to [Kal1].

[0168] Other preferred compounds are shown below.

) o]

< > I < >
10,HgO Co CN
: 0

< > | < >
nC6H17O CcC—0 CN
: 0]
NCO

47)

(49)
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&
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(4)

(GR)

(56)
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[0169] Two or more of'the rod-like compounds whose solu-
tion has the maximum absorption wavelength (A,,,.) of 250
nm or shorter inthe UV ray absorption spectrum may be used
in combination thereof.

[0170] Therod-like compounds can be synthesized accord-
ing to processes described in literatures.

[0171] Examples of such literatures include Mol. Cryst.
Liq. Cryst., 53, 229 (1979); ibid., 89, 93 (1982); ibid., 145,
111 (1987); ibid., 170, 43 (1989); J. Am. Chem. Soc., 113,
1349 (1991); ibid., 118, 5346 (1996); ibid., 92, 1582 (1970);
J. Org. Chem., 40,420 (1975); and Tetrahedron, 48, No. 16, p.
3437 (1992).

[Fine Particles of Matt Agent]

[0172] Itis preferred to add fine particles as a matt agent to
the cellulose acylate film of the invention. As the fine particles
to be used in the invention, fine particles of silicon dioxide,
titanium dioxide, aluminum oxide, zirconium oxide, calcium
carbonate, talc, clay, calcined kaolin, calcined calcium sili-
cate, calcium silicate hydrate, aluminum silicate, magnesium
silicate and calcium phosphate. Fine particles containing sili-

(63)

con are preferred in the point that they give a reduced turbid-
ity, with silicon dioxide being particularly preferred.

[0173] As the fine particles of silicon dioxide, those which
have a primary average particle size of 20 nm or less and an
apparent specific gravity of 70 g/LL or more are preferred.
Those which have a primary average particle size as small as
5to 16 nm are more preferred because they can reduce a haze
value of the resulting film. The apparent specific gravity is
preferably from 90 to 200 g/LL or more, more preferably from
100 to 200 g/L or more. A higher apparent specific gravity
permits preparation of a more, concentrated dispersion,
which serves to reduce haze and prevent formation of
agglomerates, thus being preferred.

[0174] Inthe case of using fine particles of silicon dioxide
described above, the amount thereof to use is preferably from
0.01 to 0.3 part by mass per 100 parts by mass of a polymer
component including cellulose acylate.

[0175] These fine particles usually form secondary par-
ticles 0f 0.1 to 3.0 um in average particle size but, in the film,
they exist as agglomerates of primary particles, forming
unevenness of 0.1 to 3.0 um on the film surface. The average
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particle size of the secondary particles is preferably from 0.2
um to 1.5 um, more preferably from 0.4 um to 1.2 pm, most
preferably from 0.6 um to 1.1 pm. When the average particle
size is larger than 1.5 um, there result too strong haze and,
when the average particle size is less than 0.2 um, there can be
obtained only a reduced effect of preventing squeak.

[0176] As to the size of primary and secondary particles of
the fine particles, particles in the film are observed by means
of a scanning type electron microscope, and a diameter of a
circle circumscribing each particle is taken as a particle size.
Also, regarding average particle size, 200, particles in differ-
ent portions are observed, and the diameters are averaged to
determine the average particle size.

[0177] As the fine particles of silicon dioxide, commer-
cially available products such as “AEROSIL” R972, R972V,
R974, R812, 200, 200V, 300, R202, 0OX50 and TT600 (these
being manufactured by Nippon Aerosil K.K.) can be used.
Fine particles of zirconium oxide are commercially available
under the trade name of, for example, “AEROSIL” R976 and
R811 (these being manufactured by Nippon Aerosil K.K.)
and can be used.

[0178] Of these, “AEROSIL 200V~ and “AEROSIL
R972V” are particularly preferred, because they are fine par-
ticles of silicon dioxide having an average particle size of
primary particles of 20 nm or less and an apparent specific
gravity of 70 g/L. or more and exhibit the effect of reducing the
friction factor while keeping turbidity of the film at a low
level.

[0179] In the invention, in order to obtain a cellulose acy-
late film containing particles having a small average particle
size of secondary particles, there can be considered several
methods for preparing a dispersion of the fine particles. For
example, there is a method of previously preparing a disper-
sion of fine particles by stirring a solvent and fine particles to
mix, adding this fine particle dispersion to a small amount of
a separately prepared cellulose acylate solution, stirring them
to mix, and mixing the resulting mixture with a main cellulose
acylate dope solution. This method is a preferred preparation
method in that good dispersibility of the silicon dioxide fine
particles can be obtained and that the silicon dioxide fine
particles difficultly agglomerate again. In addition, there is a
method of adding a small amount of cellulose ester to a
solvent and, after stirring to dissolve, adding thereto fine
particles and conducting dispersing operation in a dispersing
machine to prepare a solution for adding fine particles, and
sufficiently mixing this solution with the dope solution in an
in-line mixer. The invention is not limited only to these meth-
ods. The concentration of silicon dioxide upon mixing with a
solvent to disperse is preferably from 5 to 30% by mass, more
preferably from 10 to 25% by mass, most preferably from 15
to 20% by mass.

[0180] A higher dispersion concentration serves to reduce
turbidity of the solution for a particular addition amount and
reduce haze and formation of agglomerates, thus being pre-
ferred. The addition amount of the matt agent in the final
cellulose acylate dope solution is preferably from 0.01 to 1.0
g, more preferably from 0.03 to 0.3 g, most preferably from
0.08 t0 0.16 g, per m=.

[0181] As the solvent to be used, there are illustrated lower
alcohols, preferably methyl alcohol, ethyl alcohol, propyl
alcohol, isopropyl alcohol and butyl alcohol. As to other
solvents than the lower alcohols, there are no particular
restrictions, but a solvent used upon formation of a film of
cellulose ester is preferred to use.
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[0182] Next, the organic solvent of the invention in which
cellulose acylate is dissolved will be described below.
[0183] Inthe invention, either of a chlorine-containing sol-
vent containing a chlorine-containing organic solvent as a
major component and a chlorine-free solvent not containing a
chlorine-containing organic solvent may be used.

[Chlorine-Containing Solvent]

[0184] 1In preparing a cellulose acylate solution of the
invention, a chlorine-containing organic solvent is preferably
used as a main solvent. The kind of the chlorine-containing
organic solvent is not particularly limited as long as it can
dissolve cellulose acylate and permit casting and filming.
Such chlorine-containing organic solvents are preferably
dichloromethane and chloroform, with dichloromethane
being particularly preferred. It does not cause any particular
problem to mix with other organic solvent than the chlorine-
containing organic solvent. In such cases, dichloromethane is
necessary to be used in an amount of at least 50% by mass
based on the whole mass of the organic solvents.

[0185] Other organic solvents to be used in the invention in
combination with the chlorine-containing organic solvent
will be described below.

[0186] That is, as other organic solvents, those solvents are
preferred which are selected from among esters, ketones,
ethers, alcohols and hydrocarbons containing from 3 to 12
carbon atoms. The esters, ketones, ethers and alcohols may
have a cyclic structure. Compounds having two or more of the
functional groups of ester, ketone and ester (i.e., —O—,
—CO— and —COO—) can also be used as the solvents.
They may have at the same time other functional groups such
as a hydroxyl group. With solvents having two or more func-
tional groups, it suffices for the number of carbon atoms to be
within the range for one of the functional group. Examples of
esters containing from 3 to 12 carbon atoms include ethyl
formate, propyl formate, pentyl formate, methyl acetate,
ethyl acetate and pentyl acetate. Examples of ketones con-
taining from 3 to 12 carbon atoms include acetone, methyl
ethyl ketone, diethyl ketone, diisopropyl ketone, cyclopen-
tanone, cyclohexanone and methyleyclohexanone. Examples
of ethers containing from 3 to 12 carbon atoms include diiso-
propyl ether, dimethoxymethane, dimethoxyethane, 1,4-di-
oxane, 1,3-dioxolan, tetrahydrofuran, anisole and phenetole.
Examples of organic solvents having two or more functional
groups include 2-ethoxyethyl acetate, 2-methoxyethanol and
2-butoxyethanol.

[0187] Alcohols to be used in combination with the chlo-
rine-containing organic solvent may be straight, branched or
cyclic, with saturated aliphatic hydrocarbons being preferred.
The hydroxyl group of the alcohol may be any of primary to
tertiary hydroxyl groups. Examples of the alcohol include
methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-bu-
tanol, t-butanol, 1-pentanol, 2-methyl-2-butanol and cyclo-
hexanol. Additionally, fluorine-containing alcohols may also
be used. Examples thereof include 2-fluoroethanol, 2,2,2-
trifluoroethanol and, 2,2,3,3-tetrafluoro-1-propanol. Further,
the hydrocarbons may be straight, branched or cyclic. Either
of aromatic hydrocarbons and aliphatic hydrocarbons may be
used. The aliphatic hydrocarbons may be saturated or unsat-
urated. Examples of the hydrocarbons include cyclohexane,
hexane, benzene, toluene and xylene.

[0188] Examples of a combination of the chlorine-contain-
ing organic solvent and other organic solvent are illustrated
below which, however, are not limitative at all.
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Dichloromethane/methanol/ethanol/butanol=80/10/5/5
(parts by mass)
Dichloromethane/acetone/methanol/propanol=80/10/5/5
(parts by mass)
Dichloromethane/methanol/butanol/cyclohexane=80/10/5/5
(parts by mass)
Dichloromethane/methyl  ethyl
tanol=8(/10/5/5 (parts by mass)
Dichloromethane/acetone/methyl ethyl ketone/ethanol/iso-
propanol=75/8/5/5/7 (parts by mass)
Dichloromethane/cyclopentanone/methanol/isopro-
panol=80/7/5/8 (parts by mass)

Dichloromethane/methyl acetate/butanol=80/10/10 (parts by
mass)
Dichloromethane/cyclohexanone/methanol/hexane=70/20/
5/5 (parts by mass)

Dichloromethane/methyl ethyl ketoned/acetoned/methanol/
ethanol=50/20/20/5/5 (parts by mass)
Dichloromethane/1,3-dioxolan/methanol/ethanol=70/20/5/5
(parts by mass)
Dichloromethane/dioxane/acetone/methanol/ethanol=60/
20/10/5/5 (parts by mass)
Dichloromethane/acetone/cyclopentanone/ethanol/iso-pro-
panol/cyclohexane=65/10/10/5/5/5 (parts by mass)
Dichloromethane/methyl ethyl ketoned/acetone/methanol/
ethanol=70/10/10/5/5 (parts by mass)
Dichloromethane/acetone/ethyl acetate/ethanol/butanol/hex-
ane=65/10/5/5/5 (parts by mass)

Dichloromethane/methyl acetacetate/methanolo/etha-
nol=65/20/10/5 (parts by mass)
Dichloromethane/cyclopentanone/ethanol/butanol=65/20/
10/5 (parts by mass)

ketone/methanol/bu-

[Chlorine-Free Solvent]

[0189] Next, chlorine-free organic solvents to be preferably
used in preparing a cellulose acylate solution which is pref-
erably used in the invention will be described below. In the
invention, the kind of the chlorine-free organic solvent is not
particularly limited as long as it can dissolve cellulose acylate
and permit casting and filming. As the chlorine-free organic
solvent to be used in the invention, those solvents are pre-
ferred which are selected from among esters, ketones and
ethers containing from 3 to 12 carbon atoms. The esters,
ketones and ethers may have a cyclic structure. Compounds
having two or more of the functional groups of ester, ketone
and ester (i.e,, —O—, —CO— and —COO—) can also be
used as a main solvent. They may have other functional
groups such as a hydroxyl group. With main solvents having
two or more functional groups, it suffices for the number of
carbon atoms to be within the range for one of the functional
group. Examples of esters containing from 3 to 12 carbon
atoms include ethyl formate, propyl formate, pentyl formate,
methyl acetate, ethyl acetate and pentyl acetate. Examples of
ketones containing from 3 to 12 carbon atoms include
acetone, methyl ethyl ketone, diethyl ketone, diisopropyl
ketone, cyclopentanone, cyclohexanone, methylcyclohex-
anone and methyl acetylacetate. Examples of ethers contain-
ing from 3 to 12 carbon atoms include diisopropyl ether,
dimethoxymethane, dimethoxyethane, 1,4-dioxane, 1,3-di-
oxolan, tetrahydrofuran, anisole and phenetole. Examples of
organic solvents having two or more functional groups
include 2-ethoxyethyl acetate, 2-methoxyethanol and 2-bu-
toxyethanol.
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[0190] The chlorine-free organic solvents to be used for
cellulose acylate are selected from the aforesaid various
viewpoints, and are preferably as described below.

[0191] Thatis, as the chlorine-free solvent, a mixed solvent
containing the above-described chlorine-free organic solvent
as a main solvent is preferred. Such mixed solvent is a mixed
solvent of three or more solvents different from each other
wherein the first solvent is at least one solvent selected from
among methyl acetate, ethyl acetate, methyl formate, ethyl
formate, acetone, dioxolan and dioxane or a mixture thereof,
the second solvent is selected from among ketones and
acetoacetates having from 4 to 7 carbon atoms, and the third
solvent is selected from among alcohols and hydrocarbons
containing from 1 to 10 carbon atoms, more preferably from
among alcohols containing from 1 to 8 carbon atoms. Addi-
tionally, in the case where the first solvent is amixed liquid of
two or more solvents, the second solvent may be omitted. The
first solvent is more preferably methyl acetate, acetone,
methyl formatted, ethyl formate or a mixture thereof, and the
second solvent is preferably methyl ethyl ketone, cyclopen-
tanone, cyclohexanone or methyl acetylacetate or may be a
mixed solvent thereof.

[0192] The hydrocarbon chain of the third solvent alcohol
may be straight, branched or cyclic, with a saturated aliphatic
hydrocarbon chain being preferred. The hydroxyl group of
the alcohol may be any of primary to tertiary hydroxyl groups.
Examples of the alcohol include methanol, ethanol, 1-pro-
panol, 2-propanol, 1-butanol, 2-butanol, t-butanol, 1-pen-
tanol, 2-methyl-2-butanol and cyclohexanol. Additionally, as
the alcohols, fluorine-containing alcohols wherein part or the
whole of hydrogen atoms of the hydrocarbon chain are sub-
stituted by fluorine atom may also be used. Examples thereof
include 2-fluoroethanol, 2,2,2-trifluoroethanol and 2,2,3,3-
tetrafluoro-1-propanol.

[0193] Further, the hydrocarbons may be straight, branched
or cyclic. Fither of aromatic hydrocarbons and aliphatic
hydrocarbons may be used. The aliphatic hydrocarbons may
be saturated or unsaturated. Examples of the hydrocarbons
include cyclohexane, hexane, benzene, toluene and xylene.

[0194] These third solvent alcohols may beused alone or as
amixture of two or more thereof with no particular limitation.
As the third solvent, preferred specific examples of alcohols
include methanol, ethanol, 1-propanol, 2-propanol, 1-bu-
tanol, 2-butanol and cyclohexanol and preferred specific
examples of hydrocarbons include cyclohexane and hexane,
with methanol, ethanol, 1-propanol, 2-propanol and 1-bu-
tanol being particularly preferred

[0195] As to the mixing proportion of the three kinds of
solvents in the mixed solvent, the first solvent is preferably
contained in a content of from 20 to 95% by mass, the second
solvent is preferably contained in a content of from 2 to 60%
by mass, and the third solvent is preferably contained in a
content of from 2 to 30% by mass. More preferably, the first
solvent is contained in a content of from 30 to 90% by mass,
the second solvent is contained in a content of from 3 to 50%
by mass, and the third solvent alcohol is contained in a content
of from 3 to 25% by mass. Particularly preferably, the first
solvent is contained in a content of from 30 to 90% by mass,
the second solvent is contained in a content of from 3 to 30%
by mass, and the third solvent alcohol is contained in a content
of from 3 to 15% by mass.
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[0196] The chlorine-free organic solvents to be used in the
invention are described in more detail in Hatsumei Kyokai
Kokai Giho, Kogi-No. 2001-1745 (published on 15, Mar.,
2001

[0197] Preferred combinations of the chlorine-free organic
solvents are illustrated below which, however, do not limit the
invention in any way.

Methyl acetate/acetone/methanol/ethanol/butanol=75/10/5/
5/5 (parts by mass)

Methyl acetate/acetone/methanol/ethanol/propanol=75/10/
5/5/5 (parts by mass)

Methyl acetate/acetone/methanol/butanol/cyclohexane=75/
10/5/3/5 (parts by mass)

Methyl acetate/acetone/ethanol/butanol=81/8/7/4 (parts by
mass)

Methyl acetate/acetone/ethanol/butanol=82/10/4/4 (parts by
mass)

Methyl acetate/acetone/ethanol/butanol=80/10/4/6 (parts by
mass)

Methyl acetate/methyl ethyl ketone/methanol/butanol=80/
10/5/5 (parts by mass)

Methyl acetate/acetone/methyl ethyl ketone/ethanol/iso-pro-
panol=75/8/10/5/7 (parts by mass)

Methyl acetate/cyclopentanone/methanol/isopropanol=80/7/
5/8 (parts by mass)

Methyl acetate/acetone/butanol=85/10/5 (parts by mass)
Methyl acetate/cyclopentanone/acetone/methanol/bu-
tanol=60/15/14/5/6 (parts by mass)

Methyl acetate/cyclohexanone/methanol/hexane=70/20/5/5
(parts by mass)

Methyl acetate/methy] ethyl ketone/acetone/methanol/etha-
nol=50/20/20/5/5 (parts by mass)

Methyl  acetate/1,3-dioxolan/methanol/ethanol=70/20/5/5
(parts by mass)
Methyl acetate/dioxane/acetone/methanol/ethanol=60/20/

10/5/5 (parts by mass)

Methyl acetate/acetone/cyclopentanone/ethanol/isopro-
panol/cyclohexane=65/10/10/5/5/5 (parts by mass)

Methyl formate/methy! ethyl ketone/acetone/methanol/etha-
nol=50/20/20/5/5 (parts by mass)

Methyl formate/acetone/ethyl acetate/ethanol/butanol/hex-
ane=65/10/10/5/5/5 (parts by mass)

Acetone/methyl acetacetate/methanol/ethanol=65/20/10/5
(parts by mass)
Acetone/cyclopentanone/ethanol/butanol=65/20/10/5 (parts
by mass)

Acetone/1,3-dioxolan/ethanol/butanol=65/20/10/5 (parts by
mass)

1,3-Dioxolan/cyclohexanone/methyl ethyl ketone/methanol/
butanol=55/20/10/5/5/5 (parts by mass)

[0198] Further, a cellulose acylate solution prepared by the
following method can also be used.

[0199] A method of preparing a cellulose acylate solution
using a mixed solvent of methyl acetate/acetone/ethanol/bu-
tanol=81/8/7/4 (parts by mass) and, after filtration and con-
centration of the resulting solution, additionally adding
thereto 2 parts by mass of butanol.

[0200] A method of preparing a cellulose acylate solution
using a mixed solvent of methyl acetate/acetone/ethanol/bu-
tanol=84/10/4/2 (parts by mass) and, after filtration and con-
centration of the resulting solution, additionally adding
thereto 4 parts by mass of butanol.

[0201] A method of preparing a cellulose acylate solution
using a mixed solvent of methyl acetate/acetone/ethanol=84/
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10/6 (parts by mass) and, after filtration and concentration of
the resulting solution, additionally adding thereto 5 parts by
mass of butanol.

[0202] To the dope to be used in the invention may be
incorporated dichloromethane in a content of 10% by mass or
less based on the amount of all of the organic solvents in
addition to the chlorine-free organic solvents of the invention.

(Characteristic Properties of Cellulose Acylate Solution)

[0203] In view of adaptability to formation of a film by
casting, the cellulose acylate solution is preferably a solution
prepared by dissolving cellulose acylate in the organic sol-
vent in a concentration ranging from 10 to 30% by mass, more
preferably from 13 to 27% by mass, particularly preferably
from 15 to 25% by mass. In order to adjust the concentration
ofthe cellulose acylate solution to alevel within the range, the
concentration may be adjusted to a predetermined level at the
stage of dissolution, or a solution of a low concentration (e.g,,
9 to 14% by mass) may previously be prepared, and the
concentration is adjusted to a predetermined high level in the
concentrating step to be described hereinafter. Further, after
previously preparing a cellulose acylate solution with a high
concentration, various additives may be added thereto to
lower the concentration to thereby prepare a cellulose acylate
solution with a predetermined low concentration. Any of
these methods does notinvolve particular problems as long as
they are conducted so as to provide a cellulose acylate solu-
tion with a concentration of the invention.

[0204] Next, in the invention, it is preferred that the
molecular mass of associated molecules of cellulose acylate
in a dilute solution thereof obtained by adjusting the concen-
tration of cellulose acylate in an organic mixed solvent of the
same formulation as that for the dope solution to 0.1 to 5% by
mass be 150,000 to 9,000,000 from the point of view of
solubility into the solvent. The molecular mass of the associ-
ated molecules is more preferably from 180,000t0 9,000,000.
This molecular mass of associated molecules can be deter-
mined by the static light-scattering method. Dissolution of the
molecules is preferably conducted so that the inertia radius
simultaneously determined becomes from 10 to 200 nm,
more preferably from 20 to 200 nm. Further, dissolution is
preferably conducted so that the second virial coefficient
becomes from -2x107* to +4x10~*, more preferably from
-2x107" to +2x107%.

[0205] Here, definitions of the molecular mass of associ-
ated molecules, inertia square radius and second virial coef-
ficient are described below. These are measured in the fol-
lowing manner according to the static light-scattering
method. Although measurements are conducted in a dilute
region for device’s convenience, the measured values reflect
the behavior of the dope of the invention in a high concentra-
tion region.

[0206] First, cellulose acylate is dissolved in a solvent to be
used for the dope, thus solutions of 0.1% by mass, 0.2% by
mass, 0.3% by mass and 0.4% by mass in concentration being
prepared. Additionally, cellulose acylate is weighed at 25° C.
and 10% RH using a sample having been dried at 120° C. for
2 hours in order to avoid absorption of moisture by the
sample. The dissolving method is conducted according to the
method employed upon dissolving the dope (a method of
dissolving at an ordinary temperature, a method of dissolving
under cooling or a method of dissolving at an elevated tem-
perature). Subsequently, these solutions and solvents are fil-
tered through a 0.2-um Teflon-made filter. Then, static light
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scattering of each of the thus-filtered solutions is measured at
25° C. from 30° to 140° at 10° intervals using a light scattet-
ing-measuring apparatus “DLS-700” (manufactured by
OTSUKA ELECTRONICS CO., LTD.). The thus-obtained
data are analyzed according to the BERRY plot method.
Additionally, as the refractive index necessary for this analy-
sis, that of the solvent determined by means of an Abbe’s
refractometer is used, and the concentration gradient of
refractive index (dn/dc) is measured by means of a differential
refractometer “DRM-1021" (manufactured by OTSUKA
ELECTRONICS CO., L'TD.) using the solvent and the solu-
tion having been used for measuring light scattering.

[Preparation of Dope]

[0207] Next, preparation of a solution (dope) for casting
and filming cellulose acylate will be described below.
[0208] Methods for dissolving cellulose acylate are not
particularly limited, and dissolution may bed conducted by a
method of dissolving at a room temperature, a method of
dissolving under cooling, a method of dissolving at an
elevated temperature or by a combination thereof. As to dis-
solution, descriptions are given in, for example, JP-A-5-
163301, JP-A-61-106628, JP-A-58-127737, JP-A-9-95544,
JP-A-10-95854, JP-A-10-45950, JP-A-2000-53784, JP-A-
11-322946, JP-A-11-322947, JP-A-2-276830, JP-A-2000-
273239, JP-A-11-71463, IP-A-4-259511, JP-A-2000-
273184, JP-A-11-323017 and JP-A-11-302388 as methods
for preparing a cellulose acylate solution.

[0209] Of these methods of dissolving cellulose acylate in
an organic solvent, techniques within the scope of the inven-
tion can properly be employed. Detailed descriptions on
these, particularly chlorine-free solvent system, are given in
Hatsumei Kyokai Kokai Giho Kogi No. 2001-1745 (pub-
lished on 15, Mar. 2001 by Hatsumei Kyokai), pp. 22-25, and
dissolution can be conducted according to the methods
described there. Further, as to a dope solution of cellulose
acylate of the invention, concentration and filtration of the
solution are usually conducted, and detailed description
thereon are similarly given in Hatsumei Kyokai Kokai Giho
Kogi No. 2001-1745 (published on 15, Mar. 2001 by Hat-
sumei Kyokai), p. 25. Additionally, in the case of dissolving at
an elevated temperature, dissolving procedure is in most
cases conducted at a temperature higher than the boiling point
of the organic solvent and, in such cases, the procedure is
conducted under pressure.

[0210] The cellulose acylate solution preferably has a vis-
cosity and a dynamic storage modulus of elasticity within the
following ranges, respectively, which serves to facilitate cast-
ing. These are measured on 1 mL of a sample solution using
“Steel Cone” of 4 cm/2° in diameter in a rheometer “CLS
500” (both being manufactured by TA Instruments). As to
measuring conditions, a static non-Newtonian viscosity
n*(Pa-s) at 40° C. and a storage modulus of elasticity G'(Pa)
at -5° C. are determined by measuring in the range of from
40° C. to -10° C. with varying at a rate of 2°/min in Oscilla-
tion Step/ Temperature Ramp. Additionally, a sample solution
is kept at a temperature for measurement till the solution
temperature becomes constant before initiation of the mea-
surement.

[0211] Inthe invention, the viscosity at 40° C. is preferably
from 1 to 400 Pa-s, more preferably from 10 to 200 Pa-s, and
the dynamic storage modulus of elasticity at 15° C. is prefer-
ably 500 Pa or more, more preferably from 100 to 1,000,000.
Further, the larger the dynamic storage modulus of elasticity
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at a low temperature, the more preferred. For example, in the
case where a support for casting is at -5° C., the dynamic
storage modulus of elasticity at =5° C. is preferably from
10,000 to 1,000,000 Pa whereas, in the case where the support
is at =50° C., the dynamic storage modulus of elasticity at
-50° C. is preferably from 10,000 to 5,000,000 Pa.

[0212] Inthe invention, use of the aforesaid specific cellu-
lose acylate permits to obtain a highly concentrated dope.
That is, a highly concentrated cellulose acylate solution hav-
ing an excellent stability can be obtained without the particu-
lar procedure of concentration. It is also possible to first
dissolve cellulose acylate at a low concentration in order to
facilitate dissolution, and then concentrate the solution using
a concentrating means. The concentrating method is not par-
ticularly limited, but concentration can be conducted by a
method of introducing a low-concentration solution between
a housing and a rotation locus of a rotating blade which is
provided in the housing and rotates in the peripheral direction
while giving a temperature difference from the solution tem-
perature, thus obtaining a highly concentrated solution with
evaporating the solvent (e.g., JP-A-4-259511) or a method of
blowing a heated low-concentration solution into a vessel
through a nozzle to thereby flash evaporate the solvent while
the solution travels from the nozzle to the inner wall of the
vessel, with removing the solvent vapor from the vessel and
recovering a highly concentrated solution from the bottom of
the vessel (e.g., U.S. Pat. Nos. 2,541,012, 2,858,229, 4,414,
341 and 4,504,355).

[0213] The solution is preferably filtered using a filter
member such as a wire gauze or flannel to remove insolubles,
dusts and impurities before casting. In filtering the cellulose
acylate solution, use of a filter of 0.1 to 100 um in absolute
filtration accuracy is preferred, and use of a filter of 0.5 to 25
wm in absolute filtration accuracy is more preferred. The
thickness of the filter is preferably from 0.1 to 10 mm, more
preferably from 0.2 to 2 mm. In such case, filtration is con-
ducted under a filtering pressure of preferably 1.6 MPa or
less, more preferably 1.2 MPa or less, still more preferably
1.0 MPa or less, particularly preferably 0.2 MPa or less. As
the filter member, conventionally known materials such as
glass fibers, cellulose fibers, filter paper and fluorine-contain-
ing resins such as tetrafluoroethylene resin can preferably be
used. In particular, ceramics and metals are preferably used.
The viscosity of the cellulose acylate solution immediately
before forming a film may be within a range which permits
casting upon formation of the film, and is usually adjusted to
a range of preferably from 10 Pas to 2,000 Pa‘s, more pref-
erably from 30 Pa-s to 1,000 Pa-s, still more preferably from
40 Pa's to 500 Pa-s. Additionally, the temperature at this stage
is not particularly limited as long as it is the temperature upon
casting, but is preferably from -5 to +70° C., more preferably
from -5 to +55° C.

(Film Forming)

[0214] The cellulose acylate film of the invention can be
obtained by forming a film using the aforesaid cellulose acy-
late solution (dope). As a method of forming a film and an
apparatus for the method, a method of forming a film by
casing a solution and an apparatus for forming a film by
casting a solution having conventionally been employed for
producing a cellulose triacetate film can be employed. A dope
(cellulose acylate solution) prepared in a dissolving machine
(tank) is once stored in a storage tank to remove foams con-
tained in the dope for preparing a final dope. The dope is
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discharged through a dope-discharging outlet to a pressure
type die via a pressure type quantity-measuring gear pump
capable of transporting a definite quantity of a liquid with a
high accuracy by controlling rotation number, and the dope is
uniformly cast onto an endlessly running metal support in the
casting section and, at the peeling point where the metal
support makes a round, the half-dried dope film (also called
web) is peeled from the metal support. The resulting web is
gripped by clips at both edges thereof, and is conveyed by
means of a tenter to dry while keeping the width, and subse-
quently conveyed by a group of rolls of a drying apparatus to
complete drying, followed by winding the web in a predetet-
mined length using a winding machine. A combination of the
tenter and a group of the rolls varies depending upon the
purpose. In a method of forming a functional protective film
for an electronic display by solution casting, an coating appa-
ratus is often provided, in addition to the machine of forming
a film by solution casting, in order to conduct surface pro-
cessing of the film such as formation of an undercoat layer, an
antistatic layer, an antihalation layer or a protective layer.
Each of the production steps will be simply described here-
inafter which, however, is not limitative at all.

[0215] 1In preparing a cellulose acylate film by the solvent
cast method, a prepared cellulose acylate solution (dope) is
first cast onto a drum or a band to evaporate the solvent and
form a film. The concentration of the dope before casting is
preferably adjusted to 5 to 40% by mass in solid content. The
surface of the drum or the band is preferably mirror finished.
A method of casting the dope on a drum or a band having a
surface temperature of 30° C. or lower is preferably
employed. In particular, the temperature of the metal support
is preferably in the range of from -10 to 20° C. Further, in the
invention, methods described in JP-A-2000-301553, JP-A-
2000-301558, IP-A-07-032391, JP-A-03-193316, JP-A-5-
086212, JP-A-62-037113, IJP-A-02-276607, JP-A-55-
014201, JP-A-02-111511 and JP-A-02-208650 can be
employed.

[Multi-Layer Casting]

[0216] The cellulose acylate solution may be cast as a
single layer onto a metal support ofa smooth band or drum, or
two or more cellulose acylate solutions may be cast thereonto.
In the case of casting two or more cellulose acylate solutions,
the solutions containing cellulose acylate are cast respec-
tively through a plurality of casting slits provided at intervals
in the metal support-traveling direction to thereby laminate
the layers one over the other to form a film. For example,
methods described in JP-A-61-158414, JP-A-1-122419 and
JP-A-11-198285 can be applied. Also, it is possible to cast a
cellulose acylate solution through two casting slits to form a
film. This can be conducted according to methods described
in JP-B-60-27562, JP-A-61-94724, JP-A-61-947245, JP-A-
61-104813, JP-A-61-158413 and JP-A-6-134933. Further,
there may be employed a cellulose acylate film-casting
method described in JP-A-56-162617 wherein a flow of a
cellulose acylate solution having a higher viscosity is sur-
rounded by a cellulose acylate solution having a lower vis-
cosity, and the cellulose acylate solution having a higher
viscosity and the cellulose acylate solution having a lower
viscosity are extruded at the same time. Further, an embodi-
ment described in JP-A-61-94724 and JP-A-61-94725
wherein the outside solution contains a bad solvent of an
alcohol component in a more content than in the inside solu-
tion is also a preferred embodiment. Still further, a film com-
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prising a plurality of layers can be prepared by using two
casting slits, peeling a film formed on the metal support by
casting through the first casting slit, and conducting second
casting onto the side of'the film which side has been in contact
with the metal support surface. For example, there is illus-
trated a method described in JP-B-44-20235. The plural cel-
lulose acylate solutions to be cast may be the same solution or
different cellulose acylate solutions, thus not being particu-
larly limited. In order to impart functions to the plural cellu-
lose acylate layers, it suffices to extrude cellulose acylate
solutions respectively having corresponding functions
through respective casting slits. It is also possible to cast the
cellulose acylate solution simultaneously with other func-
tional layers (e.g., an adhesive layer, a dye layer, an antistatic
layer, an antihalation layer, a UV ray-absorbing layer and a
polarizing layer).

[0217] With the conventional single layer solution, it has
been necessary to extrude a cellulose acylate solution having
a high concentration and a high viscosity in order to form a
film having a necessary thickness. In such cases, stability of
the cellulose acylate solution is liable to be deteriorated, and
solids are formed to cause seeding trouble or deteriorate plane
properties, thus many problems being involved. As a method
for solving the problems, it has become possible extrude a
plurality of solutions having a high viscosity at the same time
onto a metal support by casting a plurality of cellulose acylate
solutions through a casting slit. Thus, plane properties are
improved to prepare a film having an excellent surface state
and, in addition, use of a thick cellulose acylate solution
serves to reduce a drying load and increase the speed of
producing films.

[0218] In the case of co-casting, the thickness of the inside
layer and the thickness of the outside layer are not particularly
limited, but the thickness of the outside layer is preferably 10
to 50% of the thickness of the whole film, more preferably 2
to 30%. In the case of co-casting three or more layers, sum of
the thickness of the layer in contact with the metal supportand
the thickness of the layer in contact with the air is defined as
the thickness of the outside layer. In the case of co-casting,
cellulose acylate solutions different from each other in con-
centration of an additive such as the plasticizer, the UV ray
absorbent or the matt agent may be co-cast to form a cellulose
acylate film of a laminate structure. For example, there can be
formed a cellulose acylate film having a structure of skin
layer/core layer/skin layer. For example, the matt agent can be
incorporated in a more amount in the skin layer or can be
incorporated only in the skin layer. The plasticizer and the UV
ray absorbent can be incorporated in a more amount in the
core layer than in the skin layer, or may be incorporated only
in the core layer. It is also possible to change the kind of the
plasticizer or the UV ray absorbent between the core layer and
the skin layer. For example, at least one of a low volatile
plasticizer and a UV ray absorbent can be incorporated in the
skin layer, and a plasticizer having excellent plasticizing abil-
ity or a UV ray absorbent having an excellent UV ray-absorb-
ing ability can be incorporated in the core layer. Further, it is
a preferred embodiment to incorporate a peeling accelerator
only in the skin layer on the metal support side. Still further,
in order to gel the solution by cooling a metal support in the
cooling drum method, it is also preferred to add a bad solvent
of an alcohol in the skin layer in a larger amount than in the
core layer. The skin layer and the core layer may be different
from each other in Tg, with Tg of the core layer being pref-
erably lower than Tg ofthe skin layer. Further, the viscosity of
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the cellulose acylate-containing solution upon casting for the
skin layer may be different from that for the core layer. The
viscosity of the solution for the skin layer is preferably
smaller than that of the core layer, though the viscosity of the
solution for the core layer may be smaller than that of the skin
layer.

[Casting Method]

[0219] As thecastingmethod, there are illustrated a method
of uniformly extruding a prepared dope onto a metal support
through a pressure die, a doctor blade method of adjusting the
thickness of the dope film once cast on a metal support by
using a blade, and a reverse roll coater method of adjusting by
means of reversely rotating rolls, with a pressure die method
being preferred. The pressure die include a coat hunger type
die and a T-die type die, with either of them being preferably
used. In addition to the above-illustrated methods, various
conventionally known methods of forming a film by casting a
cellulose triacetate solution can be employed. The same
effects as described in respective official gazettes can be
obtained by selecting respective conditions in consideration
of difference in boiling points of solvents to be used.

[0220] As the endlessly running metal support to be used in
production of a cellulose acylate film of the invention, a drum
whose surface is mirror finished by chromium plating or a
stainless steel belt (also referred to as band) which is mirror
finished by surface abrading is used. As to the number of the
pressure dies to be used, one or more dies may be provided
above the metal support, with one or two dies being preferred.
In the case of providing two or more dies, the quantity of each
dope to be cast may be variously changed according to each
die, and the dope may be fed to individual dies at respective
rates through plural accurately quantity-measuring gear
pumps. The temperature of the cellulose acylate solution to be
used for casting is preferably from -10 to 55° C., more pref-
erably from 25 to 50° C. In this occasion, the solution tem-
perature may be the same all through the steps, or may be
different between the steps. In the case where the temperature
is different, it suffices that the temperature is at a desired
temperature immediately before casting.

(Drying)

[0221] As to drying of a dope on the metal support to be
conducted in the production of a cellulose acylate film, there
are generally a method of applying hot blast from the surface
side of the metal support (drum or belt), i.e., from the surface
side of the web on the metal support, a method of applying hot
blast from the back side of the drum or belt, and a back
side-liquid-conducting method of bringing a temperature-
controlled liquid into contact with the back side of the belt or
drum which side is opposite to the dope-cast side to heat the
drum or belt through heat conduction to thereby control the
surface temperature, with the back side-liquid-conducting
method being preferred. The surface temperature of the metal
support before casting may be at any level as long as it is equal
to or lower than the boiling point of the solvent used for the
dope. However, in order to accelerate drying and remove
fluidity on the metal support, the temperature is preferably set
atalevel lower than the boiling point of the solvent having the
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lowest boiling point among the solvents used by 1 to 10° C.
Additionally, this does not apply in the case of cooling and
peeling the cast dope without drying.

[0222] The Re value and the Rth value of the cellulose
acylate film can be adjusted also by controlling the tempera-
ture of the metal support onto which a dope film is cast and the
temperature and the amount of the drying blast applied to the
dope film having been cast onto the metal support. In particu-
lar, the Rth value is strongly influenced by the drying condi-
tions on the metal support. There results a decreased Rth
value when the temperature of the metal support is increased
or when the temperature or the amount of the drying blast to
be applied to the dope film is increased, i.e., when the amount
of heat to be given to the dope film is increased. On the other
hand, there results an increased Rth value when the amount of
heat is reduced. In particular, drying conditions in the first
half of the period between the initiation of casting and the
peeling of film largely influence the Rth value.

(Stretching Treatment)

[0223] Retardation of the cellulose acylate film of the
invention can be adjusted by stretching treatment. Further,
there can be employed a method of actively stretching in the
transverse direction which is described in, for example, JP-A-
62-115035, JP-A-4-152125, JP-A-4-284211, IP-A-4-
298310 and JP-A-11-48271. The produced film is stretched
for obtaining a high in-plane retardation value of the cellulose
acylate film.

[0224] Stretching of the film is performed at an ordinary
temperature or under heating condition. The heating tempera-
ture is preferably from the apparent glass transition tempera-
ture Tg of the film upon stretching to Tg+20° C. Stretching of
the film may be uniaxial stretching in the longitudinal or
transverse direction, or may be simultaneous or successive
biaxial stretching. Longitudinal stretching is performed with
a stretching ratio of from 0.1 to 50%, preferably from 1 to
10%, particularly preferably from 2 to 5%. Transverse
stretching is performed with a stretching ratio of from 3 to
100%, preferably from 10 to 50%, particularly preferably
from 20 to 40%. As to birefringence it is preferred that the
refractive index of a film in the width direction be larger than
the refractive index in the longitudinal direction. Therefore, it
is preferred for the stretching ratio in the transverse direction
to be larger than the stretching ratio in the longitudinal direc-
tion. Also, the stretching treatment may be conducted during
the film-forming process, or raw film wound after filming
may be subjected to the stretching treatment. In the former
case, stretching may be conducted in the state of a residual
solvent being contained. Preferred stretching can be con-
ducted when the content of the residual solvent is from 2 to
40% by mass.

[0225] Inorderto reduce unevenness with the in-plane slow
axis in the width direction, it is preferred to provide a relax-
ation step after the transverse stretching. In the relaxation
step, it is preferred to adjust the width of the film after relax-
ation to 100 to 70% (relaxation ratio: 0 to 30%) based on the
width of the film before relaxation. The temperature in the
relaxation step 1s preferably from the apparent glass transition
temperature Tg-10 to Tg+20° C. The amount of residual
solvent in the relaxation step is preferably controlled to be
within the range of from 2 to 20%.

[0226] Here, the apparent Tg of the film in the stretching
step was determined by sealing a film containing a residual
solvent in an aluminum pan, heating in a differential scanning
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calorimeter (DSC) from 25° C. to 150° C. at a rate of 20°
C./min, and determining an endothermic curve.

[0227] The thickness of the cellulose acylate film of the
invention obtained after drying varies depending upon its
end-use, and is preferably in the range of from 5 to 500 pum,
more preferably from 20 to 300 um, particularly preferably
from 30to 150 um. As the film for optical use, particularly for
VA mode liquid crystal display devices, the thickness is pref-
erably from 40 to 110 um. Adjustment of the film thickness
can be conducted by adjusting the concentration of solids
contained in the dope, slit-to-slit gap in the nozzle of the die,
the pressure for extruding through the die and the running
speed of the metal support so as to obtain a desired thickness.
The width of the thus-obtained cellulose acylate film is pref-
erably from 0.5 to 3 m, more preferably from 0.6 to 2.5 m, still
more preferably from 0.8 to 2.2 m. As to the length of the film,
it is preferred to wind with a length of from 100 to 10000 m
per roll, more preferably from 500 to 7000 m, still more
preferably from 1000 to 6000 m. Upon winding up the film, it
is preferred to provide knurling on at least one edge with a
width of preferably from 3 mm to 50 mm, more preferably
from 5 mm to 30 mm, and a height of preferably from 0.5 to
500 pm, more preferably from 1 to 200 um. This may be
one-side press or both-side press.

(Cyclic Olefin Type Polymer)

[0228] Further, as a protective film, a cyclic olefin type
polymer can be used in place of cellulose acylate

(Cyclic Polyolefin Type Resin)

[0229] According to the present invention, the term “cyclic
polyolefin type resin” used herein means a polymer resin
having a cyclic polyolefin structure. Further, according to the
present invention, the “cyclic polyolefin type resin” is also
referred to as a “cyclic polyolefin”.

[0230] Examples of polymer resins each containing a
cyclic olefin structure to be used in the present invention
include (1) norbornene type polymers, (2) monocyclic cyclic
olefin polymers, (3) cyclic conjugate diene polymers, (4)
vinyl alicyclic hydrocarbon polymers, and hydrogenated
articles of polymers described in (1) to (4). The polymer resin
preferably used in the present invention means an addition
(co)polymer cyclic polyolefin having at least one type of
repeating unit represented by the following formula (IT) and,
as need arises, an addition (co)polymer cyclic polyolefin fur-
ther having at least one type of repeating unit represented by
the following formula (I); and a ring-opening (co)polymer
having at least one type of cyclic repeating unit represented
by the formula (III) can also favorably be used:

Formula (I):
Rl RZ
|
Xy
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-continued
Formula (ID):
y
R3 é é‘ 4
X2 Y2R
Formula (11I):

CHZ_CHZ_
m
5 6
RX3 Y’R

[0231] In the formula, m represents an integer of from 0 to
4

[0232] R'toRSeachrepresentahydrocarbon group having
from 1 to 10 hydrogen atoms or carbon atoms;

[0233] X' to X, and Y' to Y? each represent a hydrogen
atom, a hydrocarbon group having from 1 to 10 carbon atoms,
a halogen atom, or a hydrocarbon group having from 1 to 10
carbon atoms substituted with a halogen atom, —(CH,)
L,COOR", —(CH,),0COR", —(CH,),NCO, —(CH,)
NO,, —(CH,),CN, —(CH,),CONR"R', —(CH,)
NRPRY, —(CH,),0Z, —(CH,),W, or (—CO0),0 or
(—CO),NR"® constituted by X' and Y*, X*> and Y?, or X and
Y?, wherein R*, R'?, R*’, R and R'® each represent a
hydrogen atom, or a hydrocarbon group having from 1 to 20
carbon atoms; Z represents a hydrocarbon group or a hydro-
carbon group substituted with a halogen; W represents
SiR'®,D,_, (R'® represents a hydrocarbon group having from
1 to 10 carbon atoms; D represents a halogen atom,
—OCOR"S or —OR!®, and p represents an integer of from 0
to 3.); and

[0234] n represents an integer of from O to 10.

[0235] By introducing a functional group having a large
polarity in a substituent of each of X' to X°, and Y' to Y?,
retardation (Rth) in a thickness direction of an optical film is
allowed to be larger, to thereby allow an exhibition property
of retardation in plane (Re) to be larger. A film having a large
exhibition property of the Re can be larger in an Re value by
being stretched in a film-making process.

[0236] As for norbornene type addition (co)polymers,
those described in JP-A No. 10-7732, JP-W No. 2002-
504184, U.S. Patent No. 2004229157A1, or WO 2004/
070463A1 can be used. They can be obtained by addition-
polymerizing norbornene type polycyclic unsaturated
compounds with each other. Further, as need arises, a nor-
bornene type polycyclic unsaturated compound can be addi-
tion-polymerized with a conjugate diene such as ethylene,
propylene, butene, butadiene or isoprene; a non-conjugate
diene such as ethylydene norbornene; a linear diene com-
pound such as acrylonitrile, acrylic acid, methacrylic acid,
maleic anhydride, an acrylic ester, a methacrylic ester, male-
imide, vinyl acetate, or vinyl chloride. As for these nor-
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bornene type addition (co)polymers, those available in the
market can be used. Specifically, they are available from
Mitsui Chemicals, Inc. under the trade name of “Apel”, while
having different glass-transition temperatures (Tg), such as
APLB008T (Tg: 70° C.), APL6013T (Tg: 125° C.), or
APLG6015T (Tg: 145° C.). Those in pellet form such as
TOPAS8007, TOPASG013, and TOPAS6015 are available
from Polyplastics Co., Ltd. Further, Appear3000 is available
from Promerus LLC.

[0237] As for hydrogenated norbornene type polymers, as
described in JP-A Nos. 1-240517, 7-196736, 60-26024,
62-19801, and 2003-1159767, or 2004-309979, those pro-
duced by firstly addition-polymerizing or metathesis ring-
opening polymerizing polycvelic unsaturated compounds
and, then, hydrogenating the resultant polymers can be used.
In the norbornene type polymers to be used in the present
invention, R® and RY are each preferably a hydrogen atom or
—CH,, and X® and Y? are each preferably a hydrogen atom,
Cl, or —COOCH; and other groups than these groups are
appropriately selected. As for these norbornene type resins,
those available in the market can be used. Specifically, they
are available from JSR Corp. under the trade names of Arton
G or Arton F, and from Zeon Corp. under the trade names of
Zeonor ZF14, or ZF16, Zeonex 250 or Zeonex 280. These
products can be used.

[0238] As forthe polyeyclic polyolefin type resin to be used
in the present invention, a mass average molecular weight
(Mw) thereof measured by using a gel permeation chroma-
tography (GPC) is, in terms of polystyrene molecular weight,
preferably in the range of from 5,000 to 1,000,000, more
preferably in the range of from 10,000 to 500,000 and, still
more preferably, in the range of from 50,000 to 300,000.
Further, a molecular weight distribution (Mw/Mn; Mn
denotes number average molecular weight measured by
GPC) s preferably 10 or less, more preferably 5.0 or less and,
still more preferably, 3.0 or less. Glass-transition temperature
(Tg: being measured by DSC) is preferably in the range of
from 50to 350° C., more preferably in the range of from 80 to
330° C. and, still more preferably, in the range of from 100 to
300° C.

[0239] As for an optical compensatory sheet, an article
which has two or more layers including a layer in which an
optical anisotropic layer containing a liquid crystalline or
non-liquid crystalline polymer layer is formed on a polymer
film as a base material is also known. Specifically, an optical
compensatory sheet (see JP-A No. 2004-4474) in which a
polyimide layer is formed on a cellulose acetate film and,
then, stretched, or an optical compensatory-sheet (see Japa-
nese Patent No. 2660601, and JP-A No. 2003-287622) in
which a cholesteric liquid crystalline layer is formed on a
cellulose acetate film can be mentioned. These optical com-
pensatory sheets each having two or more layers are formed
by applying an optically anisotropic layer on a base material
or by transferring a separately-formed anisotropic layer on
the base material via a sticking layer.

[0240] When the optical anisotropic layer is formed on the
base material by coating, in order to enhance adhesion
between the optical anisotropic layer and the base material, an
organic solvent which appropriately dissolves a surface of the
base material is used as a solvent of the optical anisotropic
layer. In this case, since an interface between the base mate-
rial and the optical anisotropic layer comes not flat and is
disturbed, scattering sometimes becomes larger.
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[0241] Further, when the optical anisotropic layer is trans-
ferred on the base material via a sticking agent, scattering by
the sticking layer or scattering by a minute crack generated in
the optical anisotropic layer thus transferred may sometimes
be generated.

[0242] Since such scattering of the optical anisotropic layer
as described above allows light advancing in a direction
inclined from a normal direction of a liquid crystal display
device to be scattered in the normal direction of a panel (panel
front face) in a black display state of the liquid crystal device,
black luminance of the panel front face is increased. Namely,
a contrast ratio of the panel front face is decreased.

[0243] When the optical compensatory sheet containing
only one layer according to the present invention is used as a
protective film of a polarizing plate, since such scattering as
described above is not generated, the black luminance on the
panel front face is low and the contrast ratio of the panel front
face can be increased. Therefore, it is preferable to use the
optical protective sheet containing only one (single) layer as
the protective film of the polarizing plate.

[0244] In this specification, Re, and Rth, respectively rep-
resent in-plane retardation and retardation along the thick-
ness. Re, can be measured by irradiating with an incident
light of 2nm in wavelength in the normal direction of the film
using an automatic birefringence meter, for example,
KOBRA 21ADH (manufactured by Ohji Measurement Co.,
Ltd.). Rth, can be calculated by an automatic birefringence
meter, for example, KOBRA 21 ADH, based on a retardation
value measured by irradiating with an incident light of Anm
with changing the incident angle from -50 to +30° every 10°
taking the normal direction of the film as 0° and taking the
slow axis in plane (determined by an automatic birefringence
meter, for example, KOBRA 21ADH) as an inclination axis
(rotation axis), and a retardation value measured by irradiat-
ing with an incident light of Anm in wavelength in the direc-
tion inclined at an angle of -40° from the normal line of the
film with taking the slow axis in plane as an inclination axis
(rotation axis), an assumed value of average refractive index,
and an inputted film thickness. Here, as the assumed value of
average refractive index, those described in a polymer hand-
book (John Wiley & Sons, Inc.) and catalogues of various
optical films can be used. As to films whose average refractive
index is unknown, it can be known by measuring with an
Abbe’s refractometer. Values of average refractive index of
main films are illustrated below.

Cellulose acylate (1.48), cycloolefin polymer (1.52), polycar-
bonate (1.59), polymethyl methacrylate (1.49) and polysty-
rene (1.59).

[0245] nx, ny and nz are calculated by imputing these
assumed average refractive index values and the film thick-
ness into KOBRA 21 ADH. Nz=(nx-nz)/(nxOny) can further
be calculated from the thus-calculated nx, ny and nz.

[0246] Theunevenness withthe Re s, value along the full
width is preferably within +5 nm, more preferably within +3
nm. The unevenness with the Rth s, value is preferably
within +10 nm, more preferably within +5 nm. Also, the
unevenness with the Re value and the Rth value in the longi-
tudinal direction is preferably within the unevenness in the
width direction.

[0247] Fluctuation of the in-plane slow axis angle of the
protective film disposed on a liquid crystal cell side used in
the invention is preferably within the range of from -2° to
+2°, more preferably from -1° to +1°, most preferably from
-0.5°to +0.5° with respect to the standard direction of the roll
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film. Here, the standard direction means the longitudinal
direction of a roll film when the protective film disposed on a
liquid crystal cell side has been stretched in the longitudinal
direction or the transverse direction of a roll film when
stretched in the transverse direction.

[0248] Also, with the protective film disposed on a liquid
crystal cell side used in the invention, the difference between
Re value at 25° C. and 110% RH and Re value at 25° C. and
80% RH, ARe (=Re, ,,,-Rey., ), is preferably from 0 to 10
nm, the difference between Rth value at 25° C. and 10% RH
and Rth value at 25° C. and 80% RH, ARth (=Rth,,,-
Rthgge, ), 1s preferably from 0 to 30 nm, in view of reducing
change in tint with the elapse of time of a liquid crystal
display device.

[0249] Further, the protective film disposed on a liquid
crystal cell side used in the invention preferably has an equi-
librium moisture content at 25° C. and 80% RH of 3.2% or
less, in view of reducing change in tint with the elapse of time
of a liquid crystal display device.

[0250] The moisture content is measured according to Karl
Fischer’s method using a moisture content-measuring appa-
ratus and a sample-drying apparatus (“CA-03" and “V A-05”;
both being manufactured by Mitsubishi Kagaku K.K.)and a
7 mmx35 mm protective film disposed on a liquid crystal cell
side-sample. The amount (g) of water in the sample was
divided by the mass (g) of the sample to calculate the moisture
content.

[0251] Further, the protective film disposed on a liquid
crystal cell side used in the invention preferably has a mois-
ture permeability at 60° C., 95% RH and 24 hours (converted
to a value for a film thickness of 80 um) of less than 1800
g/m*-24 hr in view of reducing change in tint with the elapse
of time of a liquid crystal display device.

[0252] The moisture permeability becomes smaller as the
thickness is increased, whereas it becomes larger as the thick-
ness is decreased. Thus, it is necessary to provide a standard
film thickness which enables one to convert the thickness
with respect to a sample with any thickness. The film thick-
ness 1s converted according to the formula of (moisture per-
meability for the converted film thickness of 80 pm=moisture
permeability foundxfilm thickness found pm/80 pm).

[0253] As a method for measuring moisture permeability,
the method described in Kobunshi No Bussei 11, (Kobunshi
Jikken Koza 4; Kyoritsu Shuppan), pp. 285-294: Measure-
ment of the amount of permeated steam (method of measur-
ing mass, method of using a thermometer, method of measut-
ing vapor pressure, and method of measuring absorption
amount) can be applied.

[0254] In the measurement of glass transition temperature,
a 5 mmx30 mm protective film disposed on a liquid crystal
cell side sample (non-stretched) was conditioned at 25° C.
and 60% RH for 2 hours or longer, and measurement was
conducted using a dynamic viscoelasticity measuring device
(Vibron DVA-225 (manufactured by IT Keisoku Seigyo
K.K.) with a grip-to-grip distance of 20 mm, a temperature-
raising rate of 2° C./min, a measuring temperature range of
from 30° C. 10 200° C. and a frequency of 1 Hz. The data were
plotted, with storage modulus of elasticity as logarithmic
ordinate and temperature (° C.) as linear abscissa. A tempera-
ture at which a sharp reduction in storage modulus of elastic-
ity observed when the film sample moves from a solid region
to a glass transition region is determined as follows. That is, a
line 1 is drawn in the solid region, and a line 2 is drawn in the
glass transition region, thus an intersection point of lines 1
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and 2 being found which corresponds to the temperature at
which the storage elasticity of modulus sharply decreases
upon increasing temperature and the film initiates to soften
and at which the film initiates to migrate to the glass transition
region. Thus, the temperature is taken as the glass transition
temperature Tg (dynamic viscoelasticity).

[0255] In measuring modulus of elasticity, a 10 mmx150
mm protective film disposed on a liquid crystal cell side used
in the invention was conditioned at 25° C. and 60% RH for 2
hours, and measurement was conducted with a chuck-to-
chuck distance of 100 mm at a temperature of 25° C. with a
drawing speed of 10 mm/min using a tensile tester
(Strograph-R2 manufactured by Toyo Seiki).

[0256] The coefficient of expansion due to absorption of
moisture was determined from the dimension value of a film
having been left at 25° C. and 80% RH for 2 hours or more,
.80, measured by means of a pin gauge and the dimension
value of a film having been left at 25° C. and 10% RH for 2
hours or more, [10, measured by means of a pin gauge
according to the following numerical formula:

L10-180)/(80% RH-10% RH)x 1000000

[0257] The protective film disposed on a liquid crystal cell
side used in the invention preferably has a haze in the range of
from 0.01% to 2%. Here, the haze can be measured in the
following manner.

[0258] Haze of a 40 mmx80 mm protective film disposed
on a liquid crystal cell side sample of the invention was
measured at; 25° C. and 60% RH according to JIS K-6714
using a haze meter (HGM-2DP; manufactured by SUGA
TEST INSTRUMENTS CO., LTD.).

[0259] Further, the protective film disposed on a liquid
crystal cell side used in the invention preferably undergoes a
mass change in the range of from 0 to 5% by mass when
allowed to stand at 80° C. and 90% RH for 48 hours.

[0260] Still further, the protective film disposed on a liquid
crystal cell side used in the invention preferably undergoes a
small dimensional change in the range of from 0 to 5% when
allowed to stand at 60° C. and 95% RH and when allowed to
stand at 90° C. and 5% RH for 24 hours.

[0261] The optical elasticity coefficient is preferably
50x107'2 cm*/dyne (5x107'* m*/N) or less in view of reduc-
ing change in tint with the elapse of time of a liquid crystal
display device.

[0262] As to a specific measuring method, a tensile stress
was applied to a 10 mmx100 mm protective film disposed on
a liquid crystal cell side sample in the longitudinal direction,
and retardation of the film was measured thereupon using an
elipsometer (M150; manufactured by Nihon Bunko K.K.).
The optical elasticity coefficient was calculated from the
variation amount of retardation for the stress.

(Polarizing Plate)

[0263] Next, the polarizing plate of the invention will be
described below.

[0264] The polarizing plate of the invention is a polarizing
plate wherein at least one sheet of the above-mentioned cel-
lulose acylate film or the cyclic polyolefin film of the inven-
tion is used as a protective film for a polarizer. In addition, the
protective film may be a film of cyclic polyolefin resin, how-
ever, examples using a cellulose acetate film as representative
of the protective film will be described hereafter.

[0265] A polarizing plate usually comprises a polarizer and
two transparent protective films disposed on each side of the
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polarizer. In the invention, the cellulose acylate film used in
the invention is used as at least one of the protective films. As
the other protective film, either the cellulose acylate film used
in the invention or a common cellulose acylate film may be
used. Curling of the polarizing plate can be controlled by
adjusting the relation among the thickness, modulus of elas-
ticity and coefficient of expansion due to absorption of mois-
ture of the protective film onthe liquid crystal cell side and the
protective film on the opposite side to the liquid crystal cell.
[0266] As the polarizer for the polarizing film, there are
illustrated an iodine-containing polarizer and a dye-contain-
ing polarizer. The iodine-containing polarizer and the dye-
containing polarizer are generally produced by using a poly-
vinyl alcohol series film. In the case of using the cellulose
acylate film used in the invention as a protective film in a
polarizing plate, the method for preparing the polarizing plate
is not particularly limited, and the polarizing plate can be
prepared according to commonly employed methods. For
example, there is illustrated a method of alkali-treating the
resulting cellulose acylate film and laminating the film on
both sides of a polarizer prepared by dip-stretching a polyvi-
nyl alcohol film in an iodine solution using an aqueous solu-
tion of a completely saponified polyvinyl alcohol. An easily
sticking treatment may be conducted as described in JP-A-6-
94915 and JP-A-6-118232 in place of the alkali treatment. As
the adhesive for sticking the treated surface of the protective
film and the polarizer to each other, there are illustrated, for
example, polyvinyl alcohol series adhesives such as polyvi-
nyl alcohol and polyvinyl butyral and vinyl series latexes such
as butyl acrylate. The polarizing plate is constituted by a
polarizer and protective films protecting both sides of the
polarizer. Further, a protect film may be laminated on one side
of the polarizing plate, and a separate film may be laminated
on the opposite side to constitute a polarizing plate.

[0267] The protect film and the separate film are used for
protecting the polarizing plate upon shipping the polarizing
plate and upon checking the product. In this occasion, the
protect film is used for the purpose of protecting the surface of
the polarizing plate, and is applied to the opposite side of the
polarizing plate to the side to be laminated onto a liquid cell.
Also, the separate film is used for the purpose of covering the
adhesive layer to be used for laminating the polarizing plate to
the liquid crystal cell, and is applied to the side of the polar-
izing plate to be laminated onto a liquid cell.

[0268] As to the manner of laminating the cellulose acylate
film of the invention onto the polarizer, it is preferred to
laminate so that the transmission axis of the polarizer coin-
cides with the slow axis of the cellulose acylate film of the
invention (TAC in FIG. 1) as shown in the schematic diagram
FIG. 1 showing the manner of laminating the cellulose acylate
film. As described above, the cellulose acetate protective film
can be replaced with a protective film of the cyclic polyolefin
resin. In this case, it is preferred to laminate with the polarizer
by conducting a surface treatment described below.

[0269] Additionally, with a polarizing plate prepared under
across-Nicol position, if the slow axis of the cellulose acylate
film of the invention crosses at right angles with the absorp-
tion axis of the polarizer (axis crossing at right angles with the
transmission axis) with an accuracy larger than 1°, there
arises leakage of light due to deterioration of polarizing per-
formance under a cross-Nicol position, which leads to failure
to obtain a sufficient black level or a sufficient contrast when
combined with a liquid crystal cell. Thus, deviation between
the direction of the slow axis of the cellulose film of the
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invention and the direction of the transmission axis of the
polarizing plate is preferably within 1°, more preferably
within 0.5°.

[0270] Thehue a” and the hue b” of the polarizing plate of
the invention under a cross-Nicol position be adjusted to
-1.0=2"=2.0 and -1.0=b"=2.0, more preferably
-0.5=a"=1.5 and -0.5=b"=1.5, respectively, in order to
control the tint of a liquid crystal display upon black display
within an appropriate range.

[0271] The hue of the polarizing plate can be controlled
within the above-described range by optimizing the condi-
tions for preparing the polarizer.

[0272] Thehuesa” andb” of the polarizing plate are deter-
mined by measuring a spectral transmittance of the polarizing
plate in the visible region by means of a spectrophotometer,
multiplying the obtained spectral transmittance by color
matching function to determine the three excitation values of
X,Y and Z, and determining based on the definition of L"a’b”
color space by CIE1976. Detailed descriptions are given in
Irosaigen Kogaku No Kiso (K.K. Koronasha).

[0273] Specifically, transmittance was measured under the
following measuring conditions using a spectrophotometer
UV-3100 (manufactured by Shimadzu Corp.) in the color-
measuring mode to calculate the hues of the polarizing plate.
Wavelength range for measurement: 780-380 nm

Scanning speed: middle speed; Slit width: 2.0 nm

Sampling pitch: 1.0 nm

Light source: light source C; Viewing angle; 2°

[0274] Here, two polarizing plates were disposed with the
protective film on the cell side of one polarizing plate facing
the protective film on the cell side of the other polarizing plate
and the transmission axes of the two polarizing plates cross-
ing at right angles with each other, so that the transmission
axis of the polarizing plate was at an angle of 45° with respect
to the normal direction of a sample chamber of the spectro-
photometer (direction of grating grooves).

[0275] The single plate transmittance, parallel transmit-
tance and orthogonal transmittance of a polarizing plate can
be measured by means of a spectrophotometer in the same
manner as in the measurement of hues of a polarizing plate.
Specifically, transmittance is measured under the following
conditions using the spectrophotometer UV-3100 (manufac-
tured by Shimadzu Corp.).

Wavelength range for measurement: 780-380 nm

Scanning speed: middle speed; Slit width: 2.0 nm

Sampling pitch: 1.0 nm

[0276] Here, the transmission axis of the polarizing plate
was disposed at an angle of 45° with respect to the normal
direction of a sample chamber of the spectrophotometer (di-
rection of grating grooves).

[Surface Treatment]

[0277] The cellulose acylate film or the cyclic polyolefin
film to be used in the invention can be, in some cases, sub-
jected to surface treatment to improve adhesion between the
cellulose acylate film or the cyclic polyolefin film and various
functional layers (e.g., an undercoat layer and a back layer).
As the surface treatment, there can be employed a glow dis-
charge treatment, a UV ray irradiation treatment, a corona
treatment, a flame treatment or a treatment with an acid or an
alkali. The glow discharge treatment may be a low-tempera-
ture plasma treatment conducted under a 107 to 20 Torr
low-pressure gas, or may be a plasma treatment under the
atmospheric pressure. Plasma-forming gases mean gases
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forming plasma under the above-described conditions and
include argon, helium, neon, krypton, xenon, nitrogen, cat-
bon dioxide, flons such as tetrafluoromethane, and a mixture
thereof. These are described in detail in Hatsumei Kyokai
Kokai Giho, Kogi No. 2001-1745 (published on 15, Mar.
2001 by Hatsumei Kyokai), pp. 30-32. Additionally, a plasma
treatment under the atmospheric pressure, which has been
noted in recent years, uses an irradiation energy of from 20 to
500 Kgy under 10 to 1,000 Kev, more preferably from 20 to
300 Kgy under 30 to 500 Kev. Of these treatments, an alkali
saponification treatment is particularly preferred, which is
extremely effective as a surface treatment for the cellulose
acylate film.

[0278] The alkali saponification treatment is preferably
conducted according to a method of directly dipping a cellu-
lose acylate film into a tank of a saponification solution or a
method of coating the saponification solution onto a cellulose
acylate film. Examples of the coating method include a dip
coating method, a curtain coating method, an extrusion coat-
ing method, a bar coating method and an E-type coating
method.

[0279] As to a solvent for the coating solution of alkali
saponification treatment, it is preferred to select a solvent
which has good wetting properties and can keep the surface
state in a good state-without forming unevenness on the sur-
face of the cellulose acylate film. Specifically, alcohol series
solvents are preferred, with isopropyl alcohol being particu-
larly preferred. Also, an aqueous solution of a surfactant can
be used as a solvent. As the alkali for the coating solution of
alkiali saponification, alkalis which dissolve in the above-
mentioned solvents are preferred, with KOH and NaOH
being more preferred. The pH of the coating solution of
saponification is preferably 10 or more, more preferably 12 or
more. As to the reaction conditions upon alkali saponifica-
tion, the reaction is conducted preferably at room temperature
for 1 second to 3 minutes, more preferably for 5 seconds to 5
minutes, particularly preferably for 20 seconds to 3 minutes.
After the alkali saponification reaction, the surface having
been coated with the saponification solution is preferably
washed with water, or washed with successive, an acid and
water.

[0280] The polarizing plate of the invention preferably has
at least one of a hard coat layer, an anti-glare layer and an
anti-reflection layeron the surface of a protective film on the
other side of the polarizing plate. That is, as is shown in FIG.
2 which schematically shows a cross-sectional structure of
the polarizing plate of the invention, upon use of the polariz-
ing plate in a liquid crystal display device, it is preferred to
provide a functional film such as an anti-reflection film on the
protective film (TAC2) to be disposed on the opposite side to
the liquid crystal cell. As such functional film, at least one of
a hard coat layer, an anti-glare layer and an anti-reflection
layer is preferably provided. Additionally, the layers are not
necessarily be provided as separate layers and, for example,
the anti-reflection layer or the hard coat layer may also have
the anti-glare function and may be used as an anti-glare,
anti-reflection layer.

[Anti-Reflection Layer]

[0281] Inthe invention, an anti-reflection layer comprising
at least a light-scattering layer and a low-refractive-index
layer laminated in this order or an anti-reflection layer com-
prising a middle-refractive-index layer, a high-refractive-in-
dex layer and a low-refractive-index layer laminated in this
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order is preferably provided on the protective film of the
polarizing plate. Preferred embodiments thereof will be
described below. Additionally, in the former constitution, the
specular surface reflectance becomes 1% or more, and the
film is called Low Reflection (LR) film. In the latter consti-
tution, the specular surface reflectance can be reduced to
0.5% or less, and the film is called Anti Reflection (AR) film.

[0282] A preferred embodiment of an anti-reflection film
(LR film) formed on the protective film of the polarizing plate
by providing a light-scattering layer and a low-refractive-
index layer will be described below.

[0283] The light-scattering layer preferably contains matt
particles dispersed therein. The refractive index of other
materials than the matt particles in the light scattering layer is
preferably in the range of from 1.50 to 2.00, and the refractive
index of the low-refractive-index layer is preferably in the
range of from 1.20to 1.49. In the invention, the light-scatter-
ing layer has both anti-glare properties and hard coat propet-
ties, and may comprise a single layer or a plurality of layers,
for example, 2 to 4 layers.

[0284] The surface profile of the anti-reflection layer is
preferably designed so that the center-line roughness Ra is
between 0.08 and 0.40 pm, the 10-point average roughness
Rz is 10 times as much as Ra or less than that, the average
peak-valley distance Sm is between 1 and 100 pm, the stan-
dard deviation of the height of peak from the deepest valley is
0.5 pm or less, the standard deviation of the average peak-
valley distance Sm taking the center line as a standard is 20
um or less, and the plane with an inclined angle of 0 to 5°
accounts for 10% or more, which serves to obtain sufficient
anti-glare properties and uniform matt appearance when
viewed with the eye.

[0285] When the color tint of a reflected light under a light
source Cis -2 to 2 ina” value and -3 to 3 in b” value and the
ratio of the minimum reflectance to the maximum reflectance
is from 0.5 t0 0.99 in the range between 380 nm and 780 nm,
the reflected light has a neutral color tint, thus such layer
being preferred. Further, when b” value of the transmission
light under the light source C is adjusted to 0 to 3, a yellowish
tint upon displaying white color on a display device using the
film can be reduced, thus such layer being preferred. Still
further, when the standard deviation of luminance distribu-
tion measured on the film with inserting a 120 pmx40 pm
lattice between a plane light source and the anti-reflection
film is 20 or less, dazzling can be reduced in the case of
applying the film of the invention to a highly fine panel, thus
such layer being preferred.

[0286] The anti-reflection layer to be used in the invention
preferably has optical characteristics of 2.5 or less in secular
surface reflectance, 90% or more in transmittance and 70% or
less in 60° surface gloss, which serve to suppress reflection of
external light and improve viewability. In particular, the
specular surface reflectance is more preferably 1% or less,
most preferably 0.5% or less. The anti-reflection layer pref-
erably has a haze of from 20% to 50%, an internal haze/total
haze ratio of from 0.3 to 1, a reduction in haze value from
formation of the light-scattering layer to formation of the
low-refractive-index layer of within 15%, a transmitted
image distinctness in an optical comb width of 0.5 mm of
from 20% to 50% and a transmission ratio of a vertical trans-
mission light/a light inclined 2° from the vertical direction of
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from 1.5 to 5.0, which serves to prevent dazzling on a highly
fine LCD panel and reduce unsharpness of letters.

(Low-Refractive-Index Layer)

[0287] The low-refractive-index layer to be used in the
invention has a refractivity of preferably from 1.20 to 1.49,
more preferably from 1.30 to 1.44. Further, the low-refrac-
tive-index layer preferably satisfies the following numerical
formula (XVII) in view of reducing reflectance:

(m/A)x0.7<nldl<(m/4)x1.3

[0288] In the numerical formula, m represents a positive
odd number, nl represents a reflectance of the low-refractive-
index layer, and dl represents the thickness (nm) of the low-
refractive-index layer. Also, A represents a wavelength and is
a value in the range of from 500 to 550 nm.

[0289] Materials forming the low-refractive-index layer are
described below.

[0290] Thelow-refractive-index layer preferably contains a
fluorine-containing polymer as a low-refractive binder. As the
fluorine-containing polymer, fluorine-containing polymers
having a kinetic friction coefficient of from 0.03 to 0.20, a
contact angle to water of from 90 to 120° and a pure water-
dropping angle of 70° or less and capable of cross-linking by
heat or ionizing radiation are preferred. In the case of mount-
ing the polarizing plate of the invention on an image display
device, a smaller peeling force required for peeling a com-
mercially available adhesive tape provides an easier peeling
of a seal or a memo adhesively applied thereto, thus being
preferred. Such peeling force is preferably 500 gf or less,
more preferably 300 gf (2.94N) or less, most preferably 100
gf(0.98N) orless, when measured by means of a tensile tester.
A higher surface hardness measured by means of a micro-
hardness tester provides a less scratchable surface, and the
surface hardness is preferably 0.3 GPa or more, more prefer-
ably 0.5 GPa or more.

[0291] As the fluorine-containing polymer to be used for
the low-refractive-index layer, there are illustrated a hydro-
lyzate and a dehydration condensate of a perfluoroalkyl
group-containing silane compound {e.g., (heptadecafluoro-
1,1,2,2-tetrahydrodecyl} -triethoxysilane} and a fluorine-
containing copolymer containing a fluorine-containing
monomer unit and a constituting unit for imparting cross-
linking reactivity.

[0292] Specific examples of the fluorine-containing mono-
mer include fluoroolefines (e.g., fluoroethylene, vinylidene
fluoride,  tetrafluorcethylene,  perfluorooxtylethylene,
hexafluoropropylene and perfluoro-2,2-dimethyl-1,3-di-
oxol), partially or completely fluorinated alkyl ester deriva-
tives of (meth)acrylic acid [e.g., “Viscoat 6FM” (manufac-
tured by Osaka Organic Chemical Industry Ltd.) and
“M-2020" (manufactured by Daikin Kogyo K.K.)] and par-
tially or completely fluorinated vinyl ethers, with perfluo-
roolefins being preferred. In view of refractive index, solubil-
ity, transparency and availability, hexafluoropropylene is
particularly preferred.

[0293] As a constituting unit for imparting cross-linking
reactivity, there are illustrated a constituting unit obtained by
polymerization of a monomer having a self-cross-linking
functional group within the molecule such as glycidyl (meth)
acrylate or glycidyl viny] ether, a constituting unit obtained
by polymerization of a monomer having a carboxyl group, a
hydroxyl group, an amino group or a sulfo group {e.g., (meth)
acrylic acid, methylol (meth)acrylate, hydroxyalkyl (meth)

numerical formula (XVII)
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acrylate, allyl acrylate, hydroxyethyl vinyl ether, hydroxybu-
tyl vinyl ether, maleic acid or a crotonic acid} and a
constituting unit obtained by introducing a cross-linkable
group such as a (meth)acryloyl group into the above-men-
tioned constituting unit by a high-molecular reaction (for
example, introduction being conducted by acting acryloyl
chloride on hydroxyl group).

[0294] TInview of solubility in a solvent and transparency of
the film, a fluorine atom-free monomer can properly be copo-
lymerized in addition to the fluorine-containing monomer
unit and the constituting units for imparting the cross-linking
reactivity. The monomer unit to be used in combination is not
particularly limited, and examples thereof include olefins
(e.g., ethylene, propylene, isoprene, vinyl chloride and
vinylidene chloride), acrylates (e.g., methyl acrylate, ethyl
acrylate and 2-ethylhexyl acrylate), methacrylates (e.g.,
methyl methacrylate, ethyl methacrylate, butyl methacrylate
and ethylene glycol dimethacrylate), styrene derivatives (e.g.,
styrene, divinylbenzene, vinyltoluene and c-methylstyrene),
vinyl ethers (e.g., methyl vinyl ether, ethyl vinyl ether and
cyclohexyl vinyl ether), vinyl esters (e.g., vinyl acetate, vinyl
propionate and vinyl cinnamate), acrylamides (e.g., N-t-bu-
tylacrylamide and N-cyclohexylacrylamide), methacryla-
mides and acrylonitrile derivatives.

[0295] A curingagent may properly be used in combination
with the above-described polymers as described in JP-A-10-
25388 and JP-A-10-147739.

(Light-Scattering Layer)

[0296] A light-scattering layer is formed for the purpose of
imparting to the film light-scattering properties by at least
either of surface scattering and internal scattering and hard
coat properties for improving scratching resistance of the
film. Therefore, it is formed by incorporating a binder for
imparting hard coat properties, matt particles for imparting
light-scattering properties and, as needed, an inorganic filler
for increasing refractive index, preventing contraction due to
cross-linking and increasing strength. The thus-provided
light-scattering layer also functions as an anti-glare layer,
thus the polarizing plate having an anti-glare layer at the same
time.

[0297] The thickness of the light-scattering layer is prefer-
ably from 1 to 10 um, more preferably from 1.2 to 6 pm for the
purpose of imparting hard coat properties. When the thick-
ness of the light-scattering layer is too small, there results
insufficient hard properties whereas, when the thickness is
too large, there results a deteriorated curling resistance or a
deteriorated brittleness, thus working adaptability becoming
insufficient.

[0298] Asthebinder for the light-scattering layer, polymers
having a saturated hydrocarbon chain or a polyether chain as
a main chain are preferred, with polymers having a saturated
hydrocarbon chain as a main chain being more preferred.
Also, the binder polymer preferably has a cross-linked struc-
ture. As the binder polymer having a saturated hydrocarbon
chain as a main chain, polymers of an ethylenically unsatur-
ated monomer are preferred. As the binder polymer having a
saturated hydrocarbon chain as a main chain and having a
cross-linked structure, (co)polymers of a monomer having
two or more ethylenically unsaturated groups are preferred.
In order to impart a high refractive index to the binder poly-
mer, it is also possible to select a monomer having within its
structure an aromatic ring or at least one atom selected from
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among ahalogen atom other than fluorine atom, a sulfur atom,
a phosphorus atom and a nitrogen atom.

[0299] As the monomer having two or more ethylenically
unsaturated groups, there are illustrated esters between a
polyhydric alcohol and (meth)acrylic acid {e.g., ethylene
glycol di(meth)acrylate, butanediol di(meth)acrylate, hex-
anediol di(meth)acrylate, 1,4-cyclohexane diacrylate, pen-
taerythritol tetra(meth)acrvlate, pentaerythritol tri(meth)
acrylate, trimethylolpropane tri(meth)acrylate,
trimethylolethane tri(meth)acrylate, dipentaerythritol tetra
(meth)acrylate, dipentaerythritol penta(meth)acrylate, dipen-
taerythritol hexa(meth)acrylate, pentaerythritol
hexameth}acrylate, 1,2,3-cyclohexane tetramethacrylate,
polyurethane polyacrylate and poloyester polyacrylate}, eth-
ylene oxide-modified products of the above-described esters,
vinylbenzene and the derivatives thereof (e.g., 1,4-divinyl-
benzene, 4-vinylbenzoic acid-2-acryloylethyl ester and 1,4-
divinylcyclohexanone), vinylsulfones (e.g., divinylsulfone),
acrylamides (e.g., methylenebisacrylamide) and methacryla-
mides. These monomers may be used in combination of two
or more thereof.

[0300] Specific examples of the highly refractive monomer
include bis(4-methacryloylthiophenyl)sulfide, vinylnaphtha-
lene, vinylphenylsulfide and 4-methacryloxyphenyl-4'-meth-
oxyphenyl thioether. These monomers may also be used in
combination of two or more thereof.

[0301] Polymerization of these monomers having an ethyl-
enically unsaturated group or groups can be conducted by
irradiating with ionizing radiation or by heating in the pres-
ence of a photo radical initiator or a heat radical initiator.
Therefore, the anti-reflection film can be formed by preparing
a coating solution containing the ethylenically unsaturated
group-having monomer, the photo radical initiator or heat
radical initiator, matt particles and an inorganic filler and,
after coating the coating solution on the protective film, con-
ducting polymerization reaction by polymerization reaction
caused by ionizing radiation or by heat. As the photo radical
initiator, known ones may be used.

[0302] The polymer having a polyether as a main chain is
preferably a ring-opening polymerization product of a multi-
functional epoxy compound. The ring-opening polymeriza-
tion of the multi-functional epoxy compound can be con-
ducted by irradiating with ionizing radiation or by heating in
the presence of a photo acid generator or a heat acid generator.
Therefore, the anti-reflection film can be formed by preparing
a coating solution containing the multi-functional epoxy
compound, the photo acid generator or heat acid generator,
matt particles and an inorganic filler and, after coating the
coating solution on the protective film, conducting polymer-
ization reaction by polymerization reaction caused by ioniz-
ing radiation or by heat to cure.

[0303] Itis also possible to use a monomer having a cross-
linkable functional group in place of or in addition to the
monomer having two or more ethylenically unsaturated
groups to thereby, introduce the cross-linkable functional
group into the polymer and introduce a cross-linked structure
into the binder polymer through reaction of the cross-linkable
functional group.

[0304] Examples of the cross-linkable functional group
include an isocyanato group, an epoxy group, an aziridine
group, an oxazoline group, an aldehydro group, a carbonyl
group, a hydrazon group, a carboxyl group, a methylol group
and an active methylene group. Vinylsulfonic acid, acid anhy-
drides, cyanoacrylate derivatives, melamine, etherified
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methylol, esters, urethane and metal alkoxides such as tet-
ramethoxysilane can also be utilized as the monomer for
introducing the cross-linked structure. It is also possible to
use a functional group which shows cross-linkability as a
result of decomposition reaction such as a blocked isocyanato
group. That is, in the invention, the cross-linkable functional
group may be a group which does not immediately show its
cross-linking ability but shows it as a result of its decompo-
sition.

[0305] These binder polymers having the cross-linkable
functional groups can form a cross-linked structure when
heated after being coated.

[0306] Matt particles having an average particle size of
from 1to 10 pm, preferably from 1.5 to 7.0 um, larger than the
filler particles, are incorporated in the light-scattering layer
for the purpose of imparting anti-glare properties. Preferred
specific examples of the matt particles include particles of
inorganic compounds such as silica particles and TiO2 par-
ticles; and resin particles such as acryl particles, cross-linked
acryl particles, polystyrene particles, cross-linked polysty-
rene particles, melamine resin particles and benzoguanamine
resin particles. Of these, cross-linked styrene particles, cross-
linked acryl particles, cross-linked acrylstyrene particles and
silica particles are preferred. As to the shape of matt particles,
either of spherical particles and amorphous particles may be
used.

[0307] Further, as to particle size distribution of the matt
particles, a monodisperse distribution is most preferred, and
the particle sizes of individual particles are preferably as near
as possible to each other. For example, the proportion of
coarse particles which are defined as particles having a par-
ticle size larger then the average particle size by 20% or more
is preferably 1% or less in number based on the number of the
total particles, more preferably 0.1% or less, still more pref-
erably 0.01% or less. Matt particles having such particle size
distribution can be obtained by classification after usual syn-
thesis reaction. A matt agent having more preferred distribu-
tion can be obtained by increasing the number of times of
classification or by intensifying the degree of classification.
[0308] The matt particles are incorporated in the light-scat-
tering layer so that the amount of matt particles in the formed
light-scattering layer becomes 10 to 1,000 mg/m?, more pref-
erably 100 to 700 mg/m>. The particle size distribution of
matt particles is measured according to the Coulter counter
method, and the measured distribution is converted to particle
number distribution.

[0309] Inorder to increase the refractive index of the layer,
the light-scattering layer preferably contains an inorganic
filler, in addition to the matt particles, which comprises at
least an oxide of a metal selected from among titanium,
zirconium, aluminum, indium, zinc, tin and antimony and has
an average particle size of 0.2 pm or less, preferably 0.1 pm or
less, more preferably 0.06 um or less.

[0310] To the contrary, in order to increase difference in
refractive index from the matt particles, it is also preferred to
use a silicon oxide in a light-scattering layer using highly
refractive matt particles for the purpose of keeping the refrac-
tive index of the layer at a low level. As to preferred particle
size, the same applies as with the inorganic filler.

[0311] Specific examples of the inorganic filler to be used
in the light-scattering layer include TiO,, ZrO,, Al,O;, In,O;,
Zn0, Sn0,, Sb,0;, ITO and Si0,, with TiO, and ZrO, being
particularly preferred in view of increasing refractive index.
The surface of the inorganic filler may preferably be sub-
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jected to silane coupling treatment or titanium coupling treat-
ment. A surface treating agent having a functional group
capable of reacting with the binder species and the filler
surface is preferably used.

[0312] The addition amount of the inorganic filler is pref-
erably from 10 to 90%, more preferably from 20 to 80%,
particularly preferably from 30 to 75%, based on the total
mass of the light-scattering layer.

[0313] Additionally, since such filler has a particle size
enough smaller than wavelength of light, it does not cause
scattering, and the dispersion wherein the filler is dispersed in
the binder polymer behaves as an optically uniform sub-
stance.

[0314] The bulk refractive index of the mixture of the
binder and the inorganic filler of the light-scattering layer is
preferably from 1.50 to 2.00, more preferably from 1.51 to
1.80. In order to adjust the refractive index to the above-
mentioned range, it suffices to properly select the kinds and
amounts of the binder and the inorganic filler. Proper selec-
tion can be easily known previously through experiments.
[0315] The coating composition for forming the light-scat-
tering layer contains a surfactant of either fluorine-containing
type or silicone type or both of them particularly in order to
ensure surface uniformity free of coating unevenness, drying
unevenness and spot defect. In particular, the fluorine-con-
taining surfactant is preferably used because it exhibits the
effect of removing surface troubles of the anti-reflection film
of the invention such as coating unevenness, drying uneven-
ness and spot defect when used in a smaller amount. The
purpose is to enhance productivity by imparting high-speed
coating adaptability while enhancing surface.

[0316] Next, an anti-reflection layer formed by laminating
a middle-refractive-index layer, a high-refractive-index layer
and a low-refractive-index layer in this order on the protective
film (AR film) will be described below.

[0317] The anti-reflection layer formed on the protective
layer and having a layered structure wherein at least a middle-
refractive-index layer, a high-refractive-index layer and a
low-refractive-index layer (outermost layer) are provided in
this order is designed to have the refractive indexes satisfying
the following relation:

refractive index of the high-refractive-index layer>refractive
index of the middle-refractive-index layersthe refractive
index of the protective film>the refractive index of the low-
refractive-index layer.

[0318] It is also possible to provide a hard coat layer
between the protective film and the middle-refractive-index
layer. Further, the AR film may comprise a middle-refractive-
index layer, a hard coat layer, a high-refractive-index layer
and a low-refractive-index layer. There can be illustrated, for
example, anti-reflection layers described in JP-A-8-122504,
JP-A-8-110401, JP-A-10-300902, JP-A-2002-243906 and
JP-A-2000-111706.

[0319] Further, each layer may have other function. For
example, there are illustrated a stain-proof low-refractive-
index layer and an antistatic high-refractive-index layer (e.g.,
JP-A-10-206603 and JP-A-2002-243906).

[0320] The haze of the anti-reflection layer is preferably
5% or less, more preferably 3% or less. Also, the surface
strength of the film is preferably H or more, more preferably
2H or more, most preferably 3H or more, in the pencil hard-
ness test according to JIS K-5400. (Hihg-refractive-index
layer and middle-refractive-index layer)
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[0321] The layer having a high refractive index in the anti-
reflection film comprises a cured film containing at least
highly refractive inorganic compound fine particles of 100
nm or less in average particle size and a matrix binder.
[0322] The highly refractive inorganic compound fine par-
ticles include inorganic compounds of 1.65 or more in refrac-
tive index, with those of 1.9 or more in refractive index being
more preferred. For example, there are illustrated oxides of
Ti, Zn, Sb, Sn, Zr, Ce, Ta, La and In and composite oxides
containing these metal atoms.

[0323] Inorder to obtain such fine particles, there are illus-
trated a technique of treating the particle surface with a sur-
face treating agent (e.g., silane coupling agents described in
JP-A-11-295503, JP-A-11-153703 and JP-A-2000-9908;
anionic compounds or organometallic coupling agents
described in JP-A-2001-310432), a technique of forming a
core-shell structure wherein highly refractive particles form a
core (JP-A-2001-166104), and a technique of using a specific
dispersing agent in combination (e.g., JP-A-11-153703, U.S.
Pat. No. 6,210,858 and JP-A-2002-277609).

[0324] As the material for forming the matrix, there are
illustrated conventionally known thermoplastic resins and
curable resin films.

[0325] As more preferred materials, there are illustrated at
least one composition selected from among a composition
containing a multi-functional compound having 2 or more
polymerizable groups (at least either of radical-polymeriz-
able and cation-polymerizable groups), a composition con-
taining an organometallic compound having a hydrolysable
group, and a composition containing the partial condensate
thereof. For example, there are illustrated those compounds
which are described in JP-A-2000-47004, JP-A-2001-
315242, JP-A-2001-31871 and JP-A-2001-296401.

[0326] Also, a curable film obtained from a colloidal metal
oxide obtained from a hydrolysis condensate of a metal
alkoxide and a metal alkoxide composition are preferred,
which is described in, for example, JP-A-2001-293818.
[0327] The refractive index of the high-refractive-index
layer is preferably from 1.70 to 2.20. The thickness of the
high-refractive-index layer is preferably from 5 nm to 10 pm,
more preferably from 10 nm to 1 pm.

[0328] The refractive index of the middle-refractive-index
layer is adjusted to be a value between the refractive index of
the low-refractive-index layer and the high-refractive-index
layer. The refractive index of the middle-refractive-index
layer is preferably from 1.50 to 1.70. Also, the thickness is
preferably from 5 nm to 10 wm, more preferably from 10 nm
to 1 um.

(Low-Refractive-Index Layer)

[0329] Thelow-refractive-index layer is laminated in order
on the high-refractive-index layer. The refractive index of the
low-refractive-index layer is preferably from 1.20 to 1.55,
more preferably from 1.30 to 1.50.

[0330] The low-refractive-index layer is preferably consti-
tuted as the outermost layer having anti-scratching and stain-
proof properties. As a means to largely improve scratching
resistance, it is effective to impart sliding properties to the
surface, and conventionally known means such as introduc-
tion of silicone or fluorine can be applied.

[0331] As the fluorine-containing compound, those com-
pounds are preferred which contain fluorine atom in a content
of from 35 to 80% by mass and have a cross-linkable or
polymerizable functional group. For example, there are illus-
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trated compounds described in JP-A-9-222503, paragraphs
[0018] to [0026], JP-A-11-38202, paragraphs [0019] to
[0030], JP-A-2001-40284, paragraphs [0027] to [0028] and
JP-A-2000-2841-2.

[0332] Therefractive index of the fluorine-containing com-
pound is preferably from 1.35 to 1.50, more preferably from
1.36t0 1.47.

[0333] As the silicone compound, compounds having a
polysiloxane structure and having a curable functional group
or a polymerizable functional group in the high molecular
chain which functions to form a cross-linked structure in the
film are preferred. For example, there are illustrated areactive
silicone (e.g., “SILAPLANE” manufactured by Chisso Cor-
poration) and polysiloxane having a silanol group on each end
(JP-A-11-258403).

[0334] At least either of the cross-linking reaction and the
polymerization reaction of the fluorine-containing polymer
and the siloxane polymer having a cross-linkable or a poly-
merizable group is preferably conducted by irradiation with
light or by heating simultaneously with or after coating of the
coating composition for forming the outermost layer contain-
ing a polymerization initiator and a sensitizing agent to
thereby form the low-refractive-index layer.

[0335] A sol/gel cured film obtained by conducting con-
densation reaction between an organometallic compound
such as a silane coupling agent and a silane coupling agent
having a specific fluorine-containing hydrocarbon group in
the copresence of a catalyst to cure is also preferred. For
example, there are illustrated a polyfluoroalkyl group-having
silane compound or a partially hydrolyzed product thereof
(JP-A-58-142958, JP-A-58-147483, JP-A-58-147484, JP-A-
59-157582 and JP-A-11-106704), and a silyl compound hav-
ing a poly(perfluoroalkyl ether) group which is a fluorine-
containing long-chain group (JP-A-2000-117902, JP-A-
2001-48590 and JP-A-2002-53804).

[0336] In addition to the above-described additives, the
low-refractive-index layer can contain a filler {e.g., a low-
refractive inorganic compound having a primary particle size
of from 1 to 150 nm such as silicon dioxide (silica) and
fluorine-containing particles (e.g., magnesium fluoride, cal-
cium fluoride and barium fluoride) and organic fine particles
described in JP-A-11-3820, paragraphs [0020] to [0038]}, a
silane coupling agent, a sliding agent and a surfactant.
[0337] In the case where the low-refractive-index layer is
positioned under the outermost layer, the low-refractive-in-
dex layer may be formed by a gas-phase method (e.g., a
vacuum deposition method, a sputtering method, an ion plat-
ing method or a plasma CVD method). A coating method is
preferred in the point of its low production cost.

[0338] The thickness of the low-refractive-index layer is
preferably from 30 to 200 nm, more preferably from 50to 150
nm, most preferably from 60 to 120 nm.

(Hard Coat Layer)

[0339] Thehard coat layer is provided on the surface of the
protective film in order to impart physical strength to the
protective film having provided thereon the anti-reflection
layer. It is particularly preferred to provide the hard coat layer
between the transparent support and the high-refractive-index
layer. The hard coat layer is preferably formed by cross-
linking reaction or polymerization reaction of a photo-cur-
able and/or heat-curable compound. As the curable functional
group in the curable compound, a photo-polymerizable func-
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tional group is preferred. Also, an organometallic compound
or organic alkoxysilyl compoundhaving a hydrolyzable func-
tional group is also preferred.

[0340] As specific examples of these compounds, there are
illustrated the same ones as have been illustrated with respect
to the high-refractive-index layer.

[0341] As a specific composition for constituting the hard
coat layer, there are illustrated those which are described in
JP-A-2002-144913, JP-A-2000-9908 and WOO00/46617
pamphlet.

[0342] Thehigh-refractive-index layer can also function as
the hard coat layer. In such cases, the layer is preferably
formed by incorporating fine particles in the hard coat layer in
a finely dispersed state by employing the technique described
with respect to the high-refractive-index layer.

[0343] The thickness of the hard coat layer can properly be
designed according to use. The thickness of the hard coat
layer is preferably from 0.2 to 10 um, more preferably from
0.5t0 7 pm.

[0344] The surface strength of the hard coat layer is pref-
erably H or more, more preferably 2H or more, most prefer-
ably 3H or more, in the pencil hardness test according to JIS
K-5400. Also, as to an abrasion amount of a test piece after
Taber test according to JIS K-5400, the smaller, the more
preferred.

(Other Layers of Anti-Reflection Layer)

[0345] Further, a forward scattering layer, aprimer layer, an
antistatic layer, an undercoat layer and a protective layer may
be provided.

(Antistatic Layer)

[0346] In the case of providing an antistatic layer, it is
preferred to impart a conductivity of 1078 (Qem™) or less in
volume resistivity. It is possible to impart a volume resistivity
of 107® (Qem™) by using a hygroscopic substance, a water-
soluble inorganic salt, a certain kind of a surfactant, a cation
polymer, an anion polymer or colloidal silica. However, there
is involved a problem that the conductivity has a large depen-
dence upon temperature and humidity and that a sufficient
conductivity can not be obtained at a low humidity. Therefore,
a metal oxide is preferred as a material for the conductive
layer. Some metal oxides are colored, and use of such metal
oxide as a material for the conductive layer causes coloration
of the whole film, thus not being preferred. As metals forming
a colorless metal oxide, there are illustrated Zn, T1, Sn, Al In,
Si, Mg, Ba, Mo, W and V. Use of metal oxides containing
them as a major component is preferred.

[0347] As specific examples of the metal oxides, ZnO,
TiO,, SnO,, Al,0;, In,0;, Si0,, MgO, BaO, MoO,, WO,,
V,0; and the composite oxides thereof are preferred, with
7n0, TiO, and SnO, being particularly preferred. As
examples containing foreign atoms, addition of Al and In to
7n0, addition of Sb, Nb and halogen element to SnO,, and
addition of Nb and Ta to TiO, are effective.

[0348] Further, as is described in JP-B-59-6235, materials
obtained by depositing the metal oxide onto other crystalline
metal particles or fibrous materials (e.g., titanium oxide) may
be used. Additionally, volume resistivity and surface resistiv-
ity are different physical properties and can not simply be
compared with each other. However, in order to ensure a
conductivity of 10~# (Qem™) or less in volume resistivity, it
suffices for the antistatic layer to have a surface resistivity of
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about 107*° (Q/), more preferably 10~® (©/[7) or less. The
surface resistivity of the antistatic layer must be measured
when the layer constitutes the outermost layer, and can be
measured at a stage in the course of forming the laminate film.

(Liquid Crystal Display Device)

[0349] The liquid crystal display device of the invention
includes a liquid crystal display device having at least one
polarizing plate of the invention (first embodiment), a VA-
mode, OCB-mode or TN-mode liquid crystal display device
wherein any of the polarizing plate of the invention is used on
each of the upper side and the lower side of a cell (second
embodiment), and a VA-mode liquid crystal display device
wherein any one of the polarizing plates of the invention is
used only on the back light side (third embodiment). FIG. 2 is
a diagram showing the second embodiment, and the third
embodiment corresponds to a case where the polarizing plate
of the invention is only used on a light source side in FIG. 2.
[0350] That is, the cellulose acylate film of the invention is
advantagenously used as an optical compensatory sheet.
Also, the polarizing plate: using the cellulose acylate film of
the invention is advantageously used for a liquid crystal dis-
play device. The polarizing plate of the invention can be
applied to liquid crystal cells of various display modes. There
have been proposed various display modes such as TN
(Twisted Nematic), IPS (In-Plane Switching), FLC (Ferro-
electric Liquid Crystal), AFLC (Ant-Ferroelectric Liquid
Crystal), OCB (Optically Compensatory Bend), STN (Super
Twisted Nematic), VA (Vertically Aligned) and HAN (Hybrid
Aligned Nematic). Of these, VA mode and OCB mode are
particularly adapted for the use of the polarizing plates.
[0351] Inthe VA mode liquid crystal cell, rod-shaped liquid
crystal molecules are aligned substantially vertically upon no
voltage being applied thereto.

[0352] The VA mode liquid crystal cell includes (1) a VA
mode liquid crystal cell in the narrow sense wherein rod-
shaped liquid crystalline molecules are aligned substantially
vertically while no voltage being applied thereto and are
aligned substantially horizontally while a voltage being
applied thereto (JP-A-2-176625) and, in addition, (2) a liquid
crystal cell (of MVA mode) wherein the VA mode is modified
to be multi-domain so as to enlarge the viewing angle
{described in SID97, Digest of tech. Papers, 28 (1997), p.
845}, (3) aliquid crystal cell (of n-ASM mode or CPA mode)
wherein rod-like liquid crystalline molecules are aligned sub-
stantially vertically while no voltage being applied thereto,
and the molecules are oriented in twisted multi-domain align-
ment while a voltage being applied thereto {described in
Abstracts of Japanese Forum of Liquid Crystal (written in
Japanese), (1998), pp. 58 to 59 and (4) a liquid crystal cell of
SURVAIVAL mode (presented at LCD International 98).
[0353] As the VA mode liquid crystal display device, there
is illustrated a device which comprises a liquid crystal cell
(VA mode cell) and two polarizing plates each provided on
each side thereof {polarizing plates having TAC1, a polarizer
and TAC2) as shown in FIG. 3. The liquid crystal cell has a
liquid crystal supported between two electrode substrates,
though not particularly shown.

[0354] In one embodiment of the transmission type liquid
crystal display device of the invention, the cellulose acylate
film of the invention is used as an optical compensatory sheet.
One sheet thereof is disposed between the liquid crystal cell
and one polarizing plate, or two sheets thereof are disposed
between the liquid crystal cell and each of the polarizing
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plates. In the case of disposing one optical compensatory
sheet, one of TACI1s shown in FIG. 3 may be replaced by a
commercially available cellulose acylate film.

[0355] Inanotherembodiment ofatransmission type liquid
crystal display device of the invention, the cellulose acylate
film of the invention is used as a protective film in the polar-
izing plate to be disposed between a liquid crystal cell and a
polarizer. The above-described cellulose acylate film may be
used only as a protective film in one polarizing plate (between
a liquid crystal cell and a polarizer) or may be used as two
protective films in both polarizing plates (between a liquid
crystal cell and a polarizer). Lamination onto the liquid crys-
tal cell is preferably performed with the cellulose acylate film
of the invention (TAC1) being on the VA cell side. In the case
of using the above-described cellulose acylate film only as a
protective film in one polarizing plate (between a liquid crys-
tal cell and a polarizer), the polarizing plate may be the upper
polarizing plate (on the viewer’s side) or the lower polarizing
plate (on the back light side), with both causing no functional
problems. However, when the polarizer is used as an upper
polarizing plate, it becomes necessary to provide a functional
film on the viewer’s side (upper side), which might reduce
productivity. Hence, the polarizing plate is considered to be
used more often as a lower polarizing plate, thus being a more
preferred embodiment.

[0356] A second embodiment of the liquid crystal display
device is that wherein the polarizing plate of the invention is
used to form both a polarizing plate on the light source side
and a polarizing plate on viewer’s side as shown in FIG. 3.
[0357] The protective film (TAC2) in FIG. 3 may be a
commercially available cellulose acylate film and is prefer-
ably thinner than the cellulose acylate film of the invention.
For example, it has a thickness of preferably from 40 to 80
um. Examples thereof include commercially available
KC4UX2M (manufactured by Konica Opto, Inc.; 40 pm),
KC4UX2M (manufactured by Konica Opto, Inc.; 60 um) and
TDSOUL (manufactured by Fuji Photo Film Co., Ltd.; 80 um)
which, however, are not limitative at all.

EXAMPLES

[0358] The invention will be described specifically based
on Examples which, however, do not limit the invention in
any way.

Example 1

Formation of a Cellulose Acylate Film Using a Band
Casting Machine (Films 1 to 7)

(1) Cellulose Acylate

[0359] Cellulose acylates having different kinds of acyl
groups and different substitution degrees as shown in Table I
were prepared. Acylation reaction was conducted by adding
sulfuric acid (7.8 parts by mass per 100 parts by mass of
cellulose) as a catalyst and carboxylic acids as a raw material
for the acyl substituent and performing the reaction at 40° C.
In this occasion, the kind and substitution degree of the acyl
group were controlled by adjusting the kind and amount of the
carboxylic acid. After the acylation, ripening was conducted
at 40° C. Further, a low molecular component of the cellulose
acylate was removed by washing with acetone. Additionally,
in the table, CAB is an abbreviation for cellulose acetate
butyrate (cellulose ester derivative wherein the acyl group
comprises an acetyl group and a butyryl group), CAP is an
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abbreviation for cellulose acetate propionate (cellulose ester
derivative wherein the acyl group comprises an acetyl group
and a propionyl group), and CTA means cellulose triacetate
(cellulose ester derivative wherein the acyl group comprises
only an acetyl group).

(2) Dissolution

[0360] A cellulose acylate described in Table 1, a plasti-
cizer (TPP: triphenyl phosphate; BDP: biphenyl phosphate),
a UV ray absorbent (UV1: 2-(2'-hydroxy-3',5'-di-tert-bu-
tylphenyl)benzotriazole;  UV2:  2-(2'-hydroxy-3',5"-di-
amylphenyl)-5-chlorobenzotriazole), the following retarda-
tion increasing agent (RP1), and the following retardation
increasing agent (RP2) were added, under stirring, to a mixed
solvent of dichloromethane/methanol (87/13 by mass) so that
the concentration of cellulose acylate became 15% by mass,
followed by heating under stirring to dissolve. In this occa-
sion, 0.05 part by mass of fine particles of a matt agent
(AEROSIL R972; manufactured by Nippon Aerosil Co.,
Ltd.) and 0.0009 part by mass of a dye (Dye 1) were simul-
taneously added thereto per 100 parts by mass of cellulose
acylate, followed by heating under stirring. The addition
amounts in Table 1 are parts by mass per 100 parts by mass of
cellulose acylate.

(RP1)
CH;

NH N. NH
TT
N\(N

NH CH;

:

OCH;
Retardation increasing agent

(RP2)
OCH;,

I
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0] NHCH;
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Casting

[0361] Each dope described above was cast using a band
casting machine. Fach film peeled from the band with a
residual solvent amount of from 25 to 35% by mass was
stretched at a stretching temperature in a range of from Tg to
Tg+10° C. in the longitudinal direction at a stretching ratio of
from 0.5 to 5% (see Table 1) in the section after peeling and
before a tenter and then in the transverse direction at a stretch-
ing ratio of from 0% to 30% (see Table 1) using the tenter and,
immediately after the transverse stretching, the film was
shrinked at a shrinking ratio of from 0 to 10% in the transverse
direction and released from the tenter to thereby form a cel-
lulose acylate film. The stretching ratios are shown in Table 1.
With the thus-prepared cellulose acylate films (optical com-
pensatory sheets), Re retardation values and Rth retardation
values at wavelengths of 480 nm, 550 nm, 590 nm and 630nm
were measured at 25° C. and 60% RH using KOBRA 21ADH
(Ohji Measurement Co., Ltd.). The results thus obtained are
shown in Table 1. With the films of the invention, Rth(2.) was
calculated taking the average refractive index as 1.48.
[0362] With all films obtained in this Example, the haze
was from 0.1 to 0.9, the average particle size of secondary
particles of the matt agent was 1.0 um or less, and change in
mass after being allowed to stand for 48 hours at 80° C. and
90% RH was from 0 to 3% by mass. Also, dimensional
change after being allowed to stand for 24 hours at 60° C. and
95% RH or at 90° C. and 5% RH was from 0 to 4.5%. Further,
every sample had a photoelasticity coefficient of 50x107*3
cm*dyne (5x107'* m*/N) or less.

Example 2

Preparation of Protective Film of 2-Layer Constitu-
tion (Film 8)

[0363] A polyimide synthesized from 2,2'-bis(3,4-dicar-
boxyphenyl)hexafluoropropane and  2,2-bis(trifluorom-
ethyl)-4,4'-diaminobiphenyl was dissolved in cyclohex-
anone, to thereby prepare a 15% by mass solution. The thus-
prepared polyimide solution was applied on “FUJI TAC
TDSOUL” (manufactured by Fuji Photo Film Co., Ltd.) as a
base film such that a film thickness after dried came to be 3.5
um, dried for 5 minutes at 150° C., stretched by 13% in a
width direction by using a tenter stretching machine in an
atmosphere of 150° C., relaxed by 2% in the width direction,
clipped off of both ends before a roll-up portion, allowed to be
aroll film having a width of 1474 mm and a length of 3800 m
and, then, rolled up, to thereby obtain a film 8. Thickness of
the film 8 was 75 um. An Re retardation value and an Rth
retardation value of the film 8 were measured by using
KOBRA 21ADH (manufactured Oji Scientific Instruments)
at wavelengths of 480 nm, 550 nm, 590 nm and 630 nm at 25°
C. 60% RH. The obtained results are shown in Table 1. The
Rth,, was calculated as defining an average index of refrac-
tion of the film according to the present invention to be 1.58.
Haze of the film obtained in the present Example was 1.5.

Example 3

Preparation of Protective Film Containing Cyclic
Polyolefin (Film 9)

<Preparation of Cyclic Polyolefin Polymer P-1>

[0364] 100 parts by mass of purified toluene and 100 parts
by mass of methyl norbornene carboxylate were put in a
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reaction kettle. Next, 25 mmol % (against mass of monomer)
of ethyl hexanoate-Ni dissolved in toluene, 0.225 mol %
(against mass of monomer) of tri(pentafluorophenyl)boron,
and 0.25 mol % (against mass of monomer) of triethyl alu-
minum were put in the reaction kettle and, then, allowed to
react for 18 hours while stirring at room temperature. After
termination of such reaction, the resultant reaction mixture
was put in an excess amount of ethanol, to thereby generate a
polymer deposit. The deposit was purified and the resultant
polymer (P-1) was vacuum-dried for 24 hours at 65° C.
[0365] A composition described below was put in a mixing
tank and mixed, to thereby dissolve individual components
therein. The resultant solution was filtered by using a paper
filter having an average pore diameter of 34 um and a sintered
metal filter having an average pore diameter of 10 pm.

Cyeclic polyolefin solution D-1

Cyeclic polyolefin P-1 150 parts by mass
Dichloromethane 380 parts by mass
Methanol 70 parts by mass

[0366] Next, acomposition described below containing the
thus-produced cyclic polyolefin solution was put in a dispers-
ing machine, to thereby prepare a fine particle dispersion.

Fine particle dispersion M-1

Silica particle having an average particle diameter 2 parts by mass
of 16 nm (Aerosil R972; available from

Nippon Aerosil Co., Ltd.)

Dichloromethane 73 parts by mass
Methanol 10 parts by mass
Cyclic polyolefin solution D-1 10 parts by mass

[0367] 100 parts by mass of the above-described cyclic
polyolefin solution D-1, and 1.35 part by mass of fine particle
dispersion M-1 were mixed with each other, to prepare a
film-making dope.

[0368] The thus-prepared film-making dope was cast by
using a band-casting machine. Then, a hot wind was blown
from a surface of a web on a metal support. A temperature of
the hot wind was 140° C. and a volume of the hot wind was
200 m*/min. When a film had a residual solvent amount of
43% by mass, it was peeled off from a band, stretched in a
width direction with a stretching ratio of 10% at a stretching
temperature of 140° C. by using a tenter and, then, relaxed in
awidth direction by 2%, to thereby make a cyclic polyolefin
film. Before a rolling-up portion, both ends thereof were
clipped off, to thereby obtain a film having a width of 2000
mm and a length of 4000 m. The thus-obtained film was, then,
rolled up as a roll film 9.

[0369] AnReretardation value and an Rth retardation value
of the film 9 were measured by using KOBRA 21ADH
(manufactured Oji Scientific Instruments) at wavelengths of
480 nm, 550 nm, 590 nm and 630 nm at 25° C. 60% RH. The
obtained results are shown in Table 1. The Rth,,, was calcu-
lated as defining an average index of refraction of the film
according to the present invention to be 1.51. Haze of the film
obtained in the present Example was 0.5.
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Example 4

Preparation of Protective Film Containing Cyclic
Polyolefin (Film 10)

[0370] A composition described below was put in a mixing
tank and mixed, to thereby dissolve individual components
therein. The resultant solution was filtered by using a paper
filter having an average pore diameter of 34 um and a sintered
metal filter having an average pore diameter of 10 pm.

Cyclic polyolefin solution D-2

Cyelic polyolefin: Appear 3000
(produced by Promerus LL.C)
Dichloromethane

Methanol

100 parts by mass

380 parts by mass
70 parts by mass

[0371] Next, a composition described below containing the
thus-produced cyclic polyolefin solution was put in a dispers-
ing machine, to thereby prepare a fine particle dispersion
M-2.

Fine particle dispersion M-2

Silica particle having an average particle diameter 2 parts by mass
of 16 nm (Aerosil R972; available from
Nippon Aerosil Co., Ltd.)
Dichloromethane

Methanol

Cyclic polyolefin solution D-2

73 parts by mass
10 parts by mass
10 parts by mass

[0372] 100 parts by mass of the above-described cyclic
polyolefin solution D-2, and 1.35 part by mass of fine particle
dispersion M-2 were mixed with each other, to prepare a
film-making dope.

[0373] The thus-prepared film-making dope was cast by
using a band-casting machine. Then, a hot wind was blown
from a surface of a web on a metal support. A temperature of
the hot wind was 140° C. and a volume of the hot wind was
200 m*/min. When a film had a residual solvent amount of
38% by mass, it was peeled off from a band, stretched in a
width direction with a stretching ratio of 15% at a stretching
temperature of 140° C. by using a tenter and, then, relaxed in
a width direction by 2%, to thereby make a cyclic polyolefin
film. Before a rolling-up portion, both ends thercof were
clipped off, to thereby obtain a film having a width of 2000
mm and a length of 4000 m. The thus-obtained film was, then,
rolled up as a roll film 10.

[0374] AnReretardation value and an Rth retardation value
of the film 10 were: measured by using KOBRA 21ADH
(manufactured Oji Scientific Instruments) at wavelengths of
480 nm, 550 nm, 590 nm and 630 nm at 25° C. 60% RH. The
obtained results are shown in Table 1. The Rth,; ) was calcu-
lated as defining an average index of refraction of the film
according to the present invention to be 1.51. Haze of the film
obtained in the present Example was 0.6.

Example 5
Preparation of Protective Film (Protective Film 1)
Having Anti-Reflecting Function
(Preparation of a Coating Solution for a Light-Scattering
Layer)
[0375] 50 g of a mixture of pentaerythritol triacrylate and
pentaerythritol tetraacrylate (PETA; manufactured by Nip-
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pon Kayaku) was diluted with 38.5 g of toluene. Further, 2 g
of a polymerization initiator (Irgacure 184; manufactured by
Ciba Specialty Chemicals) was added thereto, and the mix-
ture was stirred. A coat film obtained by coating this solution
and curing by UV rays had a refractive index of 1.51.

[0376] Further, to this solution were added 1.7 g of a 30%
toluene dispersion of cross-linked polystyrene particles (re-
fractive index: 1.60; SX-350; manufactured by Soken
Kagaku K.K.) of 3.5 pm in average particle size and 13.3 g of
a 30% toluene dispersion of cross-linked acryl-styrene par-
ticles (refractive index: 1.55; manufactured by Soken Kagaku
K.XK.) of 3.5 um in average particle size, having been dis-
persed for 20 minutes in a polytron dispersing machine at
10,000 rpm. Finally, 0.75 g of a fluorine-containing surface
modifier (FP-1) and 10 g of a silane coupling agent (KBM-
5103; manufactured by Shin-Etsu Chemical Co., Ltd.) were
added thereto to prepare a complete solution.

[0377] The above-described mixed solution was filtered
through a polypropylene-made filter of 30 pm in pore size to
prepare a coating solution for forming a light-scattering layer.

<Fluorine-Containing Surface-Improving Agent (FP-1)>

[0378]
—¢CH,—CH4
0— CH,CH,— (CF,CFy),F
o]
—¢CH,—CH3
O0—(GH40),CH;
0
FP-132
M 15,000

[Preparation of a Coating Solution for Forming a Low-Re-
fractive-Index Layer]

[0379] First, a sol solution a was prepared in the following
manner. To a reaction vessel equipped with a stirrer and a
reflux condenser were added 120 parts of methyl ethyl
ketone, 100 parts of acryloyloxypropyltrimethoxysilane
(XKBM5103; manufactured by Shin-Etsu Chemical Co., Ltd.)
and 3 parts of diisopropoxyaluminum ethy! acetoacetate and,
after mixing, 30 parts of deionized water was added, followed
by reacting at 60° C. for 4 hours. The reaction mixture was
then cooled to room temperature to obtain a sol solution a.
The mass-average molecular mass was 1600 and, of the oli-
gomer components and components having a larger molecu-
lar mass, components of 1,000 to 20,000 in molecular mass
accounted for 100%. Also, analysis by gas chromatography
revealed that absolutely no starting acryloyloxypropyltri-
methoxysilane remained.

[0380] 13 g of a thermally cross-linkable, fluorine-contain-
ing polymer (JN-7228; solid content: 6%; manufactured by
JSR) having a refractive index of 1.42, 1.3 g of silica sol
(silica; same as MEK-ST except for particle size; average
particle size: 45 nm; solid content: 30%; manufactured by
Nissan Kagaku K.K.), 0.6 g of the above-described sol solu-
tiona, 5 g of methyl ethyl ketone and 0.6 g of cyclohexanone
were mixed and, after stirring, filtered through a polypropy-

Apr. 23,2009

lene-made filter of 1 pum in pore size to thereby prepare a
coating solution for forming a low-refractive-index layer.

(Preparation of a Transparent Protective Film Having an Anti-
Reflection Layer)

[0381] A 80-um thick triacetyl cellulose film (FUJI TAC
TDY80UL; manufactured by Fuji Photo Film Co., Ltd.) was
wound off from a roll, and the coating solution for forming the
functional layer (light-scattering layer) was coated thereon
under the conditions of 30 rpm in gravure roll rotation number
and 30 m/min in conveying speed using a microgravure roll of
50 mm in diameter having a gravure pattern of 180 lines/inch
and 40 pum in depth and using a doctor blade. After drying at
60° C. for 150 seconds, the coated layer was cured by irradi-
ating with UV rays with ailluminance of 400 mW/cm? and an
irradiation amount of 250 mJ/cm® using a 160 W/em air-
cooled metal halide lamp (manufactured by EYEGRAPHICS
Co., Ltd.) while purging with nitrogen. Thus, a 6-um thick
functional layer was formed and wound up.

[0382] Thetriacetyl cellulose film having provided thereon
the functional layer (light-scattering layer) was again wound
off, and the above-prepared coating solution for forming a
low-refractive-index layer was coated on the light-scattering
layer-coated side of the film under the conditions of 30 rpm in
gravure roll rotation number and 15 m/min in conveying
speed using a microgravure roll of 50 mm in diameter having
a gravure pattern of 180 lines/inch and 40 pm in depth and
using a doctor blade. After drying at 120° C. for 150 seconds
then at 140° C. for 8 minutes, the coated layer was cured by
irradiating with UV rays with a illuminance of 400 mW/cm®
and an irradiation amount of 900 mJ/cm? using a 240 W/em
air-cooled metal halide lamp (manufactured by EYE-
GRAPHICS Co., Ltd.) while purging with nitrogen. Thus, a
100-nmm thick low-refractive-index layer was formed and
wound up to prepare a protective film having an anti-reflec-
tion layer (protective film 1).

Example 6
Preparation of a Polarizing Plate

[0383] A 80-um thick polyvinyl alcohol (PVA) film was
dipped in a 2% by mass aqueous solution of potassium iodide
at 30° C. for 60 seconds to dye, then longitudinally stretched
5times as long as the original length while dipping ina 4% by
mass aqueous solution of boric acid for 60 seconds, followed
by drying at 50° C. for 4 minutes to thereby obtain a 20-um
thick polarizing film A.

[0384] Also, a 80-um thick polyvinyl alcohol (PVA) film
was dipped in a 12% by mass aqueous solution of potassium
iodide at 30° C. for 60 seconds to dye, then longitudinally
stretched 5 times as long as the original length while dipping
in a4% by mass aqueous solution of boric acid for 60 seconds,
followed by drying at 50° C. for 4 minutes to thereby obtain
a 20-um thick polarizing film B.

[0385] The protective films prepared in Examples 1 and 2
and shown in Table 1 and a commercially available cellulose
acylate film of Fuji TAC TDY80UL (manufactured by Fuji
Photo Film Co., Ltd.) were dipped in a 1.5 mol/liter, 55° C.
sodium hydroxide aqueous solution, then well washed with
water to wash away sodium hydroxide. Thereafter, they were
dipped in a0.005 mol/liter, 35° C. dilute sulfuric acid aqueous
solution for 1 minute, then dipped in water to sufficiently
wash away the dilute sulfuric acid aqueous solution. Finally,
each sample was sufficiently dried at 120° C.
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[0386] The polarizing films were adhesively sandwiched
between a combination of the protective films thus subjected
to the saponification treatment and prepared in Examples 1 to
3 and the commercially available cellulose acylate Fuji TAC
TDY80UL as shown in Table 2 using a polyvinyl alcohol type
adhesive, to thereby obtain polarizing plates 1 to 11.

[0387] On one side of the polarizer prepared in a same
manner as in Example 1, the commercially available cellulose
acylate film Fuji TAC TDY80UL (manufactured by Fuji
Photo Film Co., Ltd.) was stuck by using a polyviny! alcohol
type adhesive and, one the other side thereof, the films 9 and
10 prepared in Examples 3 and 4, respectively, were stuck by
using an acrylic adhesive DD624 (manufactured by Nogawa
Chemical Co., Ltd.), to thereby obtain polarizing plates 12
and 13, respectively.

[0388] In this occasion, the polarizing film and the protec-
tive film to be stuck on each side of the polarizing film are
prepared in a roll form, and hence the longitudinal directions
of the roll films are parallel to each other, thus being continu-
ously laminated one over the other. Also, as is shown in FIG.
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1, with the protective film disposed on the cell side, the
transmission axis of the polarizer is parallel to the slow axis of
the optical compensatory sheets prepared in Example 1 to 4.
[0389] To the cell-side surface of the above-prepared polar-
izing plate was applied an acrylic adhesive and, further, a
separate film was stuck onto the adhesive layer. A protect film
was stuck onto the opposite side to the cell side.

Example 7

[0390] The spectral reflectance with an incident angle of 5°
was measured from the functional film side in the range of
from 380 to 780 nm using a spectrophotometer (manufac-
tured by Nihon Bunko K.K.). The integrating sphere-average
reflectance in the range of from 450 to 650 nm was deter-
mined to be 2.3% with the polarizing plates 9 and 10 using the
protective film 1 which is a transparent protective film having
an anti-reflection layer. Here, the reflectance was measured
after peeling the protect film on the transparent protective film
having the anti-reflection layer.

TABLE 1

Optical Compensatory sheet

Film 1 Film 2 Film 3 Film 4 Film 3

Kind of
Cellulose
Acylate
Substituent A
Substitution
Degree of A
Substituent B
Substitution
Degree of B

Cellulose
Acvlate

Total
Substitution
Degree
Substitution
Degree at 6-
Position
Substitution
Ratio at 6-
Position
Additives  Kinds of
Plasticizers
Amounts of
Plasticizers

(parts by mass

per 100 parts
by mass of
cellulose
acylate)
Kinds of
Additives

Amounts of
Additives

(parts by mass

per 100 parts
by mass of
cellulose
acylate)

TPP/BDP

Retardation-
increasing
agent (RP1) agent

CTA CTA CTA CAP CAB

Ac Ac Ac Ac Ac
2.81 2.81 2.87 1.9 1.1

— — — Pr Bu
0 0 0 0.8 1.6

0.9 0.9 0.907 0.897 0.881

0.320 0.320 0.316 0.332 0.326

TPP/BDP TPP/BDP TPP/BDP  TPP/BDP

7.8/3.9 7.8/3.9 7.8/3.9 7.8/3.9 7.8/3.9

Retardation- UV1/UV2 Retardation-
increasing
agent (RP1) agent
(RP1)/Retardation- (RP1)
increasing
agent (RP2)
6.4 2.6/3.8 8

Retardation-

increasing increasing

0.7/0.3 3
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TABLE 1-continued

31

Stretching  Longitudinal

Ratio

Stretching
Ratio
Transverse
Stretching
Ratio
Relaxation
Ratio

Film Thickness

Re(2)
Rth(h)

Re(590) nm
Rth(590) nm
Re(480)/
Re(550)
Re(630)/
Re(550)
Rth(480)/
Rth(550)
Rth(630)/
Rth(550)

32

85

200
1.03

0.98

1.02

0.99

3

32

85

190
1.03

0.98

1.02

0.99

34

92

195
1.08

0.95

0.96

110

62

190
0.95

80

50

200
1.03
0.98
1.02

0.99

Polarizing Plate

Polarizing
Plate 1

Polarizing
Plate 2

Polarizing
Plate 3

Polarizing
Plate 4

Polarizing
Plate 5

Polarizer

Polarizing Film
Cross-Nicol
Tint a
Cross-Nicol
Tint b

Single Plate
Transmittance
(%)

Parallel
Transmittance
%)
Orthogonal
Transmittance
(%)
Polarizing
Degree (%)

A
-0.05

-0.35

36.6
0.004

99.98

A
-0.05

-0.35

42.8

36.6

0.004

99.98

A
-0.05

-0.35

36.6

0.004

99.98

A
-0.05

-0.35

42.8

36.6

0.004

99.98

0.004

99.98

Optical Compensatory Sheet

Film 6

Film 7

Film 1

TDY80UL

TDY80UL

Cellulose
Acylate

Additives

Kind of
Cellulose
Acylate
Substituent A
Substitution
Degree of A
Substituent B
Substitution
Degree of B

Total
Substitution
Degree
Substitution
Degree at 6-
Position
Substitution
Ratio at 6-
Position
Kinds of
Plasticizers
Amounts of
Plasticizers
(parts by mass
per 100 paits
by mass of
cellulose
acylate)

CTA

0.9

0.320

TPP/BDP

7.8/3.9

CTA

0.9

0.320

TPPF/BDP

7.8/3.9

CTA

Ac
2.81

0.9

0.320

TPP/BDP

7.8/3.9
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32
TABLE 1-continued
Kinds of Retardation- Retardation-  Retardation- — —
Additives increasing  increasing increasing
agent (RP1) agent (RP1)  agent (RP1)
Amounts of 7 5 6.4 — —
Additives
(parts by mass
per 100 paits
by mass of
cellulose
acylate)
Stretching ~ Longitudinal 0.5 0.5 3 — —
Ratio Stretching
Ratio
Transverse 32 27 32 — —
Stretching
Ratio
Relaxation 7 7 7 — —
Ratio
Film Thickness 92 88 85 80 80
Re(h) Re(590) nm 70 40 55 3 3
Rth(h) Rth(590) nm 220 190 200 45 45
Re(480)/ 1.05 1.03 1.03 -1 -1
Re(550)
Re(630)/ 0.97 1.00 0.98 3 3
Re(550)
Rth(480)/ 1.04 1.02 1.02 0.85 0.85
Rth(550)
Rth(630)/ 0.98 1.00 0.99 1.13 1.13
Rth(550)
Polatizing Plate
Polarizing ~ Polarizing  Polarizing  Polarizing  Polarizing
Plate 6 Plate 7 Plate 8 Plate 9 Plate 10
Polarizer Polarizing Film A A B A
Cross-Nicol -0.05 -0.05 0.1 -0.05 0.1
Tint a
Cross-Nicol -035 -0.35 -3.0 -0.35 -3.0
Tint b
Single Plate 42.8 42.8 432 42.8 43.2
Transmittance
%)
Parallel 36.6 36.6 371 36.6 371
Transmittance
%)
Orthogonal 0.004 0.004 0.006 0.004 0.006
Transmittance
%)
Polarizing 99.98 99.98 99.97 99.98 99.97
Degree (%)
Optical Compensatory
Sheet
Film 8 Film 9 Film 10
Cellulose Kind of — —
Acylate Cellulose
Acylate
Substituent A — —
Substitution — —
Degree of A
Substituent B — —
Substitution — —
Degree of B
Total — —
Substitution
Degree
Substitution — —
Degree at 6-
Position
Substitution — —
Ratio at 6-

Position
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TABLE 1-continued

Additives Kinds of — — —
Plasticizers
Amounts of — — —
Plasticizers
(parts by mass
per 100 parts
by mass of
cellulose
acylate)
Kinds of — — —
Additives
Amounts of — — —
Additives
(parts by mass
per 100 parts
by mass of
cellulose
acylate)
Stretching Longitudinal 0 0 0
Ratio Stretching
Ratio
Transverse 13 10 15
Stretching
Ratio
Relaxation
Ratio
Film Thickness 75 75 80
Re(h) Re(590) nm 54 58 56
Rth(h) Rth(590) nm 210 220 210
Re(d80) 1.04 1.01 1.01
Re(550)
Re(630)/ 0.97 0.99 0.99
Re(550)
Rth(480)/ 1.03 1.01 1.01
Rih(550)
Rih(630)/ 0.98 0.99 0.99
Rth(550)

[}
LSS}
[}

Polarizing Plate

Polarizing Polarizing Polarizing
Plate 11 Plate 12 Plate 13

Polarizer Polarizing Film A A
Cross-Nicol -0.05 -0.05 -0.05
Tinta
Cross-Nicol -0.35 -0.35 -0.35
Tintb
Single Plate 42.8 42.8 42.8
Transmittance
(%)
Parallel 36.6 36.6 36.6
Transmittance
*)
Orthogonal 0.004 0.004 0.004
Transmittance
*)
Polarizing 99.98 99.98 99.98
Degree (%)

TABLE 2 TABLE 2-continued

Opposite Side Opposite Side
Polarizing Plate Cell Side Polarizing Film  to Cell Side Polarizing Plate Cell Side Polarizing Film  to Cell Side

Polarizing Plate 1 Film 1
Polarizing Plate 2 Film 2
Polarizing Plate 3 Film 3
Polarizing Plate 4 Film 4

TDY80UL Polarizing Plate § Film 5
TDYS80UL Polarizing Plate 6 Film 6
TDY80UL Polarizing Plate 6 Film 6
TDY80UL Polarizing Plate 7 Film 7

TDY8OUL
TDYS80UL
TDY8OUL
TDY8OUL

L
L
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TABLE 2-continued

Opposite Side

Polarizing Plate Cell Side Polarizing Film  to Cell Side
Polarizing Plate 8 Film 1 B TDY80UL
Polarizing Plate 9 Protective Film 1 A TDY80UL
Polarizing Plate 10 Protective Film 1 B TDY80UL
Polarizing Plate 11~ Film 8 A TDY80UL
Polarizing Plate 12 Film 9 A TDY80UL
Polarizing Plate 13 Film 10 A TDYS80UL
Example 8

[0391] A polarizing plate and a retardation plate disposed
on the surface side and on the back side of a VA mode liquid
crystal TV set (LC-32ADS; manufactured by Sharp Corp.)
were peeled, and the polarizing plates 1 to 13 prepared in
Example 3 were stuck thereto with a combination shown in
Table 3. In this occasion, the polarizing plates were disposed
so that the absorption axis ofa polarizing plate on the viewer’s
side was in the horizontal direction of the panel, and the
absorption axis of a polarizing plate on the backlight side was
in the vertical direction of the panel, with the adhesive surface
facing the liquid cell side. Also, a cold cathode ray tube in the
liquid crystal display device LCD7 as a backlight was
replaced by a backlight of 12000K in color temperature.
[0392] After peeling the protect film, luminance and chro-
maticity upon black display and upon white display were
measured in a dark room using a measuring machine (EZ-
Contrast 160D; manufactured by ELDIM), and color shift
and contrast ratio were calculated based on the obtained data.
The results are shown in Table 3. The color shift and the
viewing angle upon black display are described below. Addi-
tionally, chromaticity is a value of the coordinate of x-y
chromaticity space of CIE.

[Black Color Shift in the Polar Angle Direction]

[0393] Changes in chromaticity, Ax6 and Ay8, in the case
where the viewing angle is inclined from the normal direction
of the liquid crystal cell to the center line direction of the
transmission axes of a pair of the polarizing plates (azimuthal
angle: 45°) upon black display preferably always satisfy the
following numerical formulae (XXIII) and (XXIV) between
0 and 80° in polar angle.

0=Ax0=0.1 Numerical formula (XXIII)
0=Ay0=0.1 Numetical formula (XXIV)
[0394] In the above formulae, Ax6=x6-Ax8,, Ay6=yO-

Ay0,, (x0,, y0,,) represents chromaticity measured in the
normal direction of the liquid crystal cell upon black display,
and (x0, y0) represents chromaticity measured in the direc-
tion inclined from the normal direction of the liquid crystal
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cell toward the center line direction of a pair of the polarizing
plates by 6 degrees in polar angle upon black display.

[Black Color Shift in the Azimuthal Angle Direction]

[0395] Changes in chromaticity, Ax¢ and Ayg, in the case
where chromaticity is measured by inclining the viewing
angle from the normal direction of the liquid crystal cell
toward the absorption axis of the polarizing plate on the
viewing side by 60° and rotating from this direction by 360°
with the normal line being the center preferably always sat-
isty the following numerical formulae (XXV) and (XXVI)
between 0 and 360° in azimuthal angle.

-0.02=Ax¢=0.1 Numerical formula (XXV)
-0.022Ap9=0.1 Numerical formula (XXVI)
[0396] In the above formulae, Ax¢=xp-Ax¢,. Ayd=y¢-

Ayoo, (X¢o, YPo) represents chromaticity measured by
inclining the viewing angle from the normal direction of the
liquid crystal cell giving black display toward the absorption
axis of the polarizing plate on the viewing side by 60°, and
(x9, y¢) represents chromaticity measured by inclining the
viewing angle from the normal direction of the liquid crystal
cell giving black display toward the absorption axis of the
polarizing plate on the viewing side by 60° and rotating the
inclined viewing angle by ¢ in azimuthal angle with the
normal line direction being the center.

[Viewing Angle]

[0397] A larger contrast ratio at 45° in azimuthal angle and
60° in polar angle means a wider viewing angle.

[Observation of Black Display Under Illumination]

[0398] A liquid crystal display device in a black display
state was viewed, under the illumination of a day-light fluo-
rescent lamp, from a direction of 45° in azimuthal angle and
60° in polar angle under the environment of 150 (I1x) in
irradiance on the surface of a liquid crystal display device to
observe brightness of the screen and displayed colors. Results
thus obtained are shown in Table 3.

[0399] Asisshown inTable3, liquid crystal display devices
LCD1 to LCD5 and LCD10 to LCDI12 using a polarizing
plate satisfying the conditions of the invention with respect to
retardation characteristics and hues a” and b” suffered less
color shift in the azimuthal angle and in the polar angle
direction, gave sufficiently dark black color at black display
portions of the device screen even in a bright room and a
sufficient viewing angle contrast. On the other hand, among
liquid crystal display devices of Comparative Examples,
there were no display devices which satisfied all of the above-
described characteristics though some display devices satis-
fied part of the characteristics.

TABLE 3
Polarizing Plate on Viewing Side Backlight Side
Liquid Crystal ~ Polarizing Opposite Sideto  Polarizing Polarizing Opposite Side to
Display Device Plate Cell Film Cell Side Polarizing Plate Cell Side Film Cell
LCD1 Polarizing Protective Film 1 A TDYR0UL  Polarizing Plate 1 Film 1 A TDY&OUL
LCD2 g)alfrigzing Protective Film 1 A TDYROUL  Polarizing Plate 2 Film 2 A TDYROUL

Plate 9
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TABLE 3-continued

LCD3 Polarizing  Protective Film 1 A TDYROUL  Polarizing Plate 3 Film 3 A TDY80UL
Plate 9
LCD4 Polarizing  Protective Film 1 A TDYROUL  Polarizing Plate 4 ~ Film4 A TDY80UL
Plate 9
LCD5 Polarizing  Protective Film 1 A TDYROUL  Polarizing Plate 5 Film 5 A TDY80UL
Plate 9
LCD6 Polarizing  Protective Film 1 A TDYROUL  Polarizing Plate 6  Film 6 A TDY80UL
Plate 9
LCD7 Polarizing  Protective Film 1 A TDYROUL  Polarizing Plate 6  Film 6 A TDY80UL
Plate 9
LCD8 Polarizing  Protective Film 1 A TDYROUL  Polarizing Plate 7 Film 7 A TDY80UL
Plate 9
LCD9 Polarizing ~ Protective Film1 B TDYROUL  Polarizing Plate 8  Film 1 B TDY80UL
Plate 10
LCD10 Polarizing ~ Protective Film 1 A TDYROUL  Polarizing Plate 11 Film 8 A TDY80UL
Plate 9
LCD11 Polarizing  Protective Film 1 A TDYROUL  Polarizing Plate 12 Film 9 A TDY80UL
Plate 9
LCD12 Polarizing  Protective Film 1 A TDYROUL  Polarizing Plate 13 Film 10 A TDY80UL
Plate 9
Liquid Color Visual
Crystal Temperature CR@  Evaluation
Display of Back Black Color Shift ¢ =45 in Bright CR@
Device Light Ax0 Ay0 Ax¢ Ay 0=60 Room $=0/6=60 Note
LCD1 8500 K 0-0.05 0-0.05 0-0.04 0-0.4 40 black and 750 present
dark invention
LCD2 8500 K 0-0.06 0-0.06 0-0.05 0-0.05 36 black and 740 present
dark invention
LCD3 8500 K 0-0.06 0-0.06 0-0.05 0-0.05 36 black and 700 present
dark invention
LCD4 8500 K 0-0.05 0-0.05 0-0.05 0-0.05 38 black and 730 present
dark invention
LCDS5 8500 K 0-0.06 0-0.06 0-0.05 0-0.05 38 black and 730 present
dark invention
LCD6 8500 K -0.02-0.02 -0.02-0.02 -0.03-0.02 -0.03-0.02 39 bluish black 720 comparative
and dark sample
LCD7 12000 K -0.02-0.02 -0.02-0.02 -0.03-0.02 -0.03-0.02 39 bluish black 710 comparative
and bright sample
LCD8 8500 K 0-1.2 0-12 0-1.1 0-1.1 20 reddish black 710 comparative
and bright sample
LCD9 8500 K 0-1.3 0-13 0-1.2 0-1.2 40 bluish black 750 comparative
and bright sample
LCD10 8500 K 0-0.05 0-0.05 0-0.04 0-0.04 40 black and 600 present
dark invention
LCD11 8500 K 0-0.06 0-0.06 0-0.05 0-0.05 55 black and 780 present
dark invention
LCD12 8500 K 0-0.06 0-0.06 0-0.05 0-0.05 50 black and 770 present
dark invention
INDUSTRIAL APPLICABILITY wherein the polarizing plate gives, when disposed in an
. e * *
ne nolariz | Fihe o lent orthogonal position, a hue a” and a hue b™ of the polar-
[0400]  The polarizing plate of the invention is excellent in izing plate disposed in an orthogonal position satisfying

the effect of both enlarging the viewing angle and reducing
color shift upon black display.

[0401] Also, the liquid crystal display device of the inven-
tion can both enlarge the viewing angle and reduce color shift
upon black display.

[0402] The entire disclosure of each and every foreign
patent application from which the benefit of foreign priority
has been claimed in the present application is incorporated
herein by reference, as if fully set forth.

1. A polarizing plate comprising:

at least one protective film; and

a polarizing film,

wherein the protective film disposed on a liquid crystal cell
side has Re ,, and Rth, , satisfying following numerical
formulae () and (II), and

following numerical formulae (IIT) and (IV):

45 nm=Re590,=65 nm numerical formula (T)

150 nm=Reh 590, =240 nm numerical formula (IT)

-1.0=4"£2.0 numetical formula (I1I)

-1.0=p"=20 numerical formula (IV)

wherein Re, represents a retardation value in plane at a

wavelength of Znm (unit: nm); and

Rth,, represents a retardation value along a thickness of

the film (unit: nm).

2. The polarizing plate according to claim 1, which has a
single plate transmission of 41% or more, a parallel transmis-
sion of 35% or more, an orthogonal transmission of 0.02% or
less and a polarizing degree of 99.93% or more.
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3. The polarizing plate according to claim 1, wherein the
protective film disposed on a liquid crystal cell side has Re;,
and Rth,;,, satisfying following numerical formulae (V) to
(v

L.0=ReugoyRessq =101 numerical formula (V)

0.9=Reg30/Re550=1.0 numetical formula (VI)

LO=Rihgo/Rikssy=1.1 numerical formula (VII)

0.9=Rthg30/Rth (550, =1.0. numerical formula (VIII)

4. The polarizing plate according to claim 1, wherein the
protective film disposed on a liquid crystal side is a cellulose
acylate film comprising a cellulose acylate obtained by sub-
stituting hydroxyl groups of glucose unit constituting cellu-
lose with an acyl group containing 2 or more carbon atoms,
and satisfying following formulae (IX) and (X):

2.0£DS2+DS3+DS6=<3.0 (IX)

DS6/(DS2+DS3+DS6)=0.315 X)

wherein DS2 represents a substitution degree of hydroxyl

group at 2-position of the glucose unit by the acyl group;

DS3 represents a substitution degree of hydroxyl group at

3-position of the glucose unit by the acyl group; and

DS6 represents a substitution degree of hydroxyl group at

6-position of the glucose unit by the acyl group.

5. The polarizing plate according to claim 4, wherein the
acyl group is an acetyl group.

6. The polarizing plate according to claim 1, wherein the
protective film disposed on a liquid crystal side is a cellulose
acylate film containing a cellulose acylate, which is a mixed
fatty acid ester of cellulose, as a major polymer component,
wherein hydroxyl groups of the cellulose are substituted by
an acetyl group and an acyl group containing 3 or more
carbon atoms, and

wherein a substitution degree A of the acetyl group and a

substitution degree B of the acyl group containing 3 or

more carbon atoms satisfying following numerical for-
mulae (XI) and (XII):

Apr. 23,2009

2.0=24+823.0 numerical formula (XI)

0<B. numerical formula (XII)

7. The polarizing plate according to claim 6, wherein the
acyl group containing 3 or more carbon atoms is a butanoyl
group.

8. The polarizing plate according to claim 6, wherein the
acyl group containing 3 or more carbon atoms is a propionyl
group.

9. The polarizing plate according to claim 6, wherein the
substitution degree of the hydroxyl group at 6-position of
cellulose is 0.75 or more.

10. The polarizing plate according to claim 1, wherein the
protective film disposed on a liquid crystal side is a film
comprising a cyclic polyolefin.

11. The polarizing plate according to claim 1, wherein the
protective film disposed on a liquid crystal side contains at
least one of a plasticizer, a UV ray absorbent, a peeling
accelerator, a dye and a matt agent.

12. The polarizing plate according to claim 1, wherein the
protective film disposed on aliquid crystal side contain one or
more rod-like or discotic compound as a retardation increas-
ing agent.

13. The polarizing plate according to claim 1, wherein the
protective film disposed on a liquid crystal side is a film
consisting of a single layer.

14. A liquid crystal display device comprising:

a liquid crystal cell; and

a pair of polarizing plates respectively disposed on both

sides of the liquid crystal cell in an orthogonal position,

wherein at least one of the pair of the polarizing plates is a

polarizing plate according to claim 1.

15. The liquid crystal display device according to claim 14,
wherein a color temperature of a back light is between 8,000
and 10,000K.

16. The liquid crystal display device according to claim 14,
wherein the liquid crystal cell is of a vertically aligned mode.
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