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(57) ABSTRACT

A cellulose acylate film, which has an in-plane retardation
(Re) and a retardation in a thickness direction (Rth) satisfying
relations of equations (1) to (6) and has a thickness of 30 pm
or greater but less than 70 pm:

20 nm<Re(548)<100 nm (1)
100 nm<Rth(548)<400 nm 2)
0.5=Re(446)/Re(548)=0.90 3)
1.05=Re(629)/Re(548)=1.50 4)
0.5=Rth(446)/Rth(548)=0.95 5)
1.05=Rth(629)/Rth(548)=1.50 (6).
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a cellulose acylate
film having a low haze, excellent in wavelength dispersion
characteristics of retardation and can be collected and
recycled; and an optically compensatory sheet, polarizing
plate and liquid crystal display device using the film.

BACKGROUND ART

[0002] Cellulose acylate films have been used widely as a
polarizing plate protective film for liquid crystal display
devices because it has adequate water permeability and high
optical isotropy (low retardation).

[0003] Inrecentyears, there has been proposed a process of
imparting retardation to a cellulose acylate film, thereby giv-
ing it an optically compensatory function in addition to a
function as a polarizing plate protective film. For example, a
process of adding a triazine compound having high planarity
to a cellulose acylate, thereby causing development of retar-
dation is disclosed in JP-A-2003-344655, while a process of
stretching a film containing a cellulose acylate having a spe-
cificacyl substitution degree, thereby causing development of
retardation is disclosed in JP-A-2003-170492.

[0004] With a recent eager demand for high definition dis-
play devices mainly for liquid crystal television, more precise
retardation control of optically compensatory sheets have
also be required.

DISCLOSURE OF THE INVENTION

[0005] In optically compensatory sheets, wavelength dis-
persion of retardation is an important performance for com-
pensating a tint change which occurs, depending on the view-
ing angle of a liquid display device.

[0006] A process of stretching a cellulose acylate film hav-
ing a specific substituent and a specific substitution degree in
a width direction, thereby giving the film a characteristic that
the in-plane retardation of the film increases at a longer wave-
length is disclosed in JP-A-2002-296422. This process how-
ever increases the haze of the film, resulting in deterioration
of the contrast of a liquid crystal display device.

[0007] InJP-A-2003-14933, onthe other hand, disclosed is
a process of co-casting two dopes different in the composition
ofadditives, thereby obtaining a cellulose acylate film having
a reduced haze while maintaining the characteristic that the
in-plane retardation of the film increases at a longer wave-
length. This process however needs improvement because
use of two dope solutions different in composition makes it
difficult to collect and dissolve the used film in a solvent and
provide it for recycling use.

[0008] In other words, cellulose acylate films already pro-
posed do not have a low haze, excellent wavelength disper-
sion characteristics of retardation and reusability at the same
time. There is accordingly a demand for the development of a
cellulose acylate film capable of satisfying all of these per-
formances.

[0009] An object of the invention is to provide a cellulose
acylate film which has a low haze, is excellent in wavelength
dispersion characteristics and can be recycled; and an opti-
cally compensatory sheet, polarizing plate and liquid crystal
display device using the film.

[0010] The present inventors have carried out an extensive
investigation. As a result, it has been found that the factors
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which govern the wavelength dispersion characteristics of a
cellulose acylate film can be classified roughly into two, that
is, (A) factors attributable to cellulose acylate and (B) factors
attributable to additives such as ultraviolet absorber and plas-
ticizer.

[0011] Tt has also been found that (A) a change in wave-
length dispersion characteristics attributable to cellulose acy-
late corresponds to the degree of orientation of a main cellu-
lose acylate chain and reverse dispersion characteristics can
be heightened by improving the degree of orientation of the
main chain. It is the common practice to stretch a conven-
tional film at a high stretch ratio in order to improve the degree
of orientation of the main chain. It however causes crazes in
the film, thereby inevitably raising the haze of the film. The
present inventors have found that employment of the below-
described method (i) can improve the degree of orientation of
the main chain without raising the haze of the film.

[0012] (i) It has conventionally been known that a stretch-
ing stress inside of the film is smaller than that on the film
surface and therefore, the degree of orientation of the main
chain is lower inside of the film than that of the film surface.
When the thickness of the film is decreased, a stress travels
uniformly in the thickness direction and the film as a whole is
improved in the degree of orientation.

[0013] It has also been found that (ii) an increase in a ratio
of ultraviolet absorbers having a melting point of 25° C. or
less relative to the total amount of additives, particularly,
ultraviolet absorbers can suppress a rise in the haze which will
otherwise occur by stretching operation. The mechanism of it
has however not been elucidated yet.

[0014] It has been found further that with regard to (B) a
change in the wavelength dispersion characteristics attribut-
able to the additives, an increase in the ratio of oil components
in the ultraviolet absorbers increases the reverse dispersion
characteristics of retardation without causing a large change
in the transmission of the film in the ultraviolet region.
[0015] Investigation has been made with a view to over-
coming the above-described problems, which leads to
completion of the present invention. In short, the problems of
the present invention are resolved by the below-described
means.

[0016] [1] A cellulose acylate film, which has an in-plane
retardation (Re) and a retardation in a thickness direction
(Rth) satisfying relations of equations (1) to (6) and has a
thickness of 30 um or greater but less than 70 pm:

20 nm<Re(548)<100 nm 49
100 nm<Rth(548)<400 nm )
0.5=Re(446)/Re(548)=0.90 3)
1.05=Re(629)/Re(548)=1.50 “)
0.5 =Rth(446)/Rth(548)<0.95 ©)
1.05=Rth(629)/Rth(548)=1.50 (6).
[0017] [2] The cellulose acylate film as described in [1]

above, which has a haze of from 0.1 or greater but not greater
than 0.8.

[0018] [3] The cellulose acylate film as described in [1] or
[2] above,
[0019] wherein assuming that a degree of in-plane orienta-

tion of a cellulose acylate molecular chain of an entire film
thickness is Po and a degree of orientation of a cellulose
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acylate molecular chain in a thickness direction of the film is
Pth, the Po and Pth satisfy relations of equations (7) and (8):

0.040=P0=0.10 )
0.12=Pth=0.40 (8).
[0020] [4] The cellulose acylate film as described in [3]

above,
[0021] wherein a degree Po of in-plane orientation of a
cellulose acylate molecular chain of a film surface and the
degree Po of in-plane orientation of the cellulose acylate
molecular chain of the entire film thickness satisfy relation of
equation (9):

1=[(Po of the film surface)/(Fo of the entire film

thickness)] =1.5 9).

[0022] [5] The cellulose acylate film as described in any of
[1] to [4] above, which is obtained by stretching, at a stretch
ratio of 1% or greater but not greater than 100%, a film
containing a cellulose acylate having an acylation degree of
2.50 or greater but not greater than 2.90 in at least one of a
traveling direction of the film and a direction perpendicular
thereto.

[0023] [6] The cellulose acylate film as described in any of
[1] to [5] above, wherein a cellulose acylate of the cellulose
acylate film contains two or more acyl groups different in the
number of carbon atoms, and assuming that an acyl group
having the smallest number of carbon atoms is called Acyl
group A and an acyl group having the largest number of
carbon atoms is called Acyl group B, degrees of substitution
of A and B satisfy relations of equations (10) and (11):

0.1=(degree of substitution of Acyl group 4)=2.40 (10)

0.1=(degree of substitution of Acyl group B)=1.50 (11).

[0024] [7] The cellulose acylate film as described in [6]
above,
[0025]
ture.
[0026] [8] The cellulose acylate film as described in any of
[1] to [7] above, which comprises a plurality of ultraviolet
absorbers each having an absorption maximum within a
wavelength range of from 250 nm or greater but not greater
than 380 nm,

[0027] wherein the plurality of ultraviolet absorbers con-
tain at least one ultraviolet absorber having a melting point of
25°C. or less, and

[0028] a percentage of an amount of the at least one ultra-
violet absorber having a melting point of 25° C. or less is 80
mass % or greater but not greater than 100 mass % based on
a total amount of the plurality of ultraviolet absorbers.
[0029] [9] An optically compensatory sheet, which com-
prises a cellulose acylate film as described in any of [1] to [8]
above.

[0030] [10] The optically compensatory sheet as described
in [9] above, which further comprises an optically anisotropic
layer on the cellulose acylate film.

wherein Acyl group B contains an aromatic struc-

[0031] [11] A polarizing plate, which comprises:
[0032] a polarization film; and
[0033] two transparent protective films located on both

sides of the polarization film,

[0034] wherein at least one of the two transparent protec-
tive films is an optically compensatory sheet as described in
[9] or [10] above.
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[0035] [12] A liquid crystal display device, which com-
prises:

[0036] a liquid crystal cell; and

[0037] two polarizing plates located on both sides of the

liquid crystal cell,
[0038] wherein at least one of the two polarizing plates is a
polarizing plate as described in [11] above.

[0039] [13]Theliquidcrystal display device as describedin
[12] above,
[0040] wherein a display mode of the liquid crystal display

device is a VA mode.

[0041] [14] Theliquidcrystal display device as described in
[12] above,
[0042] wherein a display mode of the liquid crystal display

device is an OCB mode.

[0043] The present invention makes it possible to provide a
cellulose acylate film which has a low haze, is excellent in
wavelength dispersion characteristics and can be collected
and recycled, an optically compensatory sheet, a polarizing
plate, and a liquid crystal display device having a high con-
trast and less color shift at any viewing angle.

BRIEF DESCRIPTION OF THE DRAWING

[0044] FIG.1isaschematic diagram illustrating one exem-
plary example of the liquid crystal display device of the
present invention;

[0045] FIG. 2 is a schematic diagram illustrating another
exemplary example of the liquid crystal display device of the
present invention; and

[0046] FIG. 3 is a schematic diagram illustrating a further
exemplary example of the liquid crystal display device of the
present invention,

[0047] wherein 30 denotes upper-side polarizing plate; 31
denotes VA mode liquid crystal cell; 32 denotes lower-side
polarizing plate; 33 denotes cellulose acylate film; 34 denotes
polarizer; 1 denotes upper polarizing plate; 2 denotes direc-
tion of the absorption axis of upper polarizing plate; 5 denotes
liquid-cell upper electrode substrate; 6 denotes orientation
controlling direction of upper substrate; 7 denotes liquid crys-
tal layer; 8 denotes liquid-cell lower electrode substrate; 9
denotes orientation controlling direction of lower substrate;
10 denotes liquid crystal display device; 12 denotes lower
polarizing plate; 13 denotes direction of absorption axis of
lower polarizing plate; 21 denotes VA mode liquid crystal
cell; 24 denotes polarizer; 25 denotes optically compensatory
sheet; 26 denotes protective film; 27 denotes polarizing plate;
28 denotes observer side; and 29 denotes backlight side.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0048] The present invention will hereinafter be described
specifically. The symbol “~” as used herein means that a
numeral before or after it is included as the lower limit or
upper limit.

[Cellulose Acylate Film]

[0049] The cellulose acylate film of the invention is char-
acterized in that the Re and Rth satisfy specific relationships
and its film thickness falls within a specific range, which will
be described later.

[0050] The cellulose acylate film of the invention having
such characteristics contains additives such as ultraviolet
absorbers and it is preferably obtained by stretching a film in
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at least one of a traveling direction of the film and a direction
perpendicular thereto. A cellulose acylate, additive and film
forming method will hereinafter be described in the order of
mention.

(Cellulose Acylate)

[0051] As raw material cotton of a cellulose acylate to be
used for the cellulose acylate film of the invention, known raw
materials can be used (for example, Journal of Technical
Disclosure of Japan Institute of Invention and Innovation,
2001-1745). The synthesis of the cellulose acylate can also be
performed in a known manner (for example, Mokuzai
Kagaku, pp. 180-190, written by Migita, et al., published by
Kyoritsu Shuppan in 1968).

[0052] Although no particular limitation is imposed on the
acyl group of the cellulose acylate, but use of an acetyl group,
propionyl group or butyryl group is preferred. The degree of
substitution of all the acyl groups is preferably from 2.50 to
2.90, more preferably from 2.50 to 2.80, especially preferably
from 2.50 t0 2.65. The term “degree of substitution of the acyl
group” as used herein means a value calculated in accordance
with ASTM D817.

[0053] The cellulose acylate contains two or more acyl
groups which are different in the number of carbon atoms.
Assuming that the acyl group having the smallest number of
carbon atoms is called Acyl group A and the acyl group
having the largest number of carbon atoms is called Acyl
group B, it is preferred, in order to balance a reduction in the
thermal expansion coefficient of the film with hydrophobicity
thereof, that the degrees of substitution of substituents A and
B satisfy the following relations of equations (10) and (11):

0.1=(degree of substitution of Acyl group 4)=2.40 (10)
0.1=(degree of substitution of Acyl group B)=1.50 (11).
[0054] The degree of substitution of Acyl group A is more

preferably 1.0 or greater but not greater than 2.40, most pref-
erably 1.50 or greater but not greater than 2.40.

[0055] The degree of substitution of Acyl group B is more
preferably 0.2 or greater but not greater than 1.50, most pref-
erably 0.4 or greater but not greater than 1.20.

[0056] The substituent A is especially preferably an acetyl
group. The number of carbon atoms of the substituent B is
preferably 3 or greater but not greater than 22, more prefer-
ably 3 or greater but not greater than 16. The substituent B is
preferably an aliphatic acyl group such as propynyl and
butyryl or an acyl group having an aromatic structure such as
benzoyl, with the latter being especially preferred.

[0057] When the substituent A and the substituent B are
each an aliphatic acyl group, they preferably satisfy the fol-
lowing equations (III) and (IV):

2.50=DS2+DS3+DS6=2.85 (I1I)

0.33<DS6/(DS2+DS3+DS6) avy

wherein, DS2 represents the degree of substitution of the
2-acyl group, DS3 represents the degree of substitution of the
3-acyl group, and DS6 represents the degree of substitution of
the 6-acyl group.

[0058] The (DS2+DS3+DS6) is more preferably 2.60 or
greater but not greater than 2.80, most preferably 2.65 or
greater but not greater than 2.75.

[0059] The DS6/(DS2+DS3+DS6) is more preferably 0.35
or greater, most preferably 0.37 or greater.
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[0060] When the substituent A or B is an acyl group having
an aromatic structure, they satisty the following equations

(V) and (VI):

2.50=DS2+DS3+DS6=2.85 V)
0.30=DS6/(DS2+DS3+DS6) (V)
[0061] The (DS2+DS3+DS6) is more preferably 2.60 or

greater but not greater than 2.80, most preferably 2.65 or
greater but not greater than 2.75.

[0062] The DS6/(DS2+DS3+DS6) is more preferably 0.50
or greater, most preferably 0.70 or greater.

[0063] As the cellulose acylate, mixed acid esters having a
fatty acid acyl group and a substituted or unsubstituted aro-
matic acyl group are especially preferred. Examples of the
substituted or unsubstituted aromatic acyl groups include the
groups represented by the following formula (A):

[0064] The formula (A) will next be described. In the for-
mula (A), X represents a substituent. Examples of the sub-
stituent include a halogen atom, a cyano group, an alkyl
group, an alkoxy group, an aryl group, an aryloxy group, an
acyl group, a carbonamide group, a sulfonamide group, an
ureido group, an aralkyl group, a nitro group, an alkoxycar-
bonyl group, an aryloxycarbonyl group, an aralkyloxycarbo-
nyl group, a carbamoyl group, a sulfamoyl group, an acyloxy
group, an alkenyl group, an alkynyl group, an alkylsulfonyl
group, an arylsulfonyl group, an alkyloxysulfonyl group, an
alkylsulfonyloxy group, an aryloxysulfonyl group, —S—R,
—NH—CO—OR, —PH—R, —P(—R),, —PH—O—R,
—P(-—R)(—0O—R), —P(—0O—R),, —PH(—O)R—P
(=0)(—R),, —PH(=0)—0—R, —P(=0)(—R)(—O0—
R), —P(=0)(—0—R),, —O—PH(—OR, —O—P(=0)
(—R),—O—PH(=—0)—O0—R,—O—P(=0)(—R)(—O0—
R), —O—P=0)(—0O—R),, —NH—PH(—O)—R,
—NH—P(=0)(—R)(—0—R), —NH—P(=0)(—0—R)
5, —SiH,—R, —SiH(—R),, —Si(—R);, —O—SiH,—R,
—O—SiH(—R), and —O—S8i(—R);, in which R represents
an aliphatic group, an aromatic group or a heterocyclic group.
[0065] In the formula (A), n stands for the number of sub-
stituents and is an integer of from 0 to 5. The number (n) ofthe
substituents is preferably from 1 to 5, more preferably from 1
to 4, still more preferably from 1 to 3, most preferably 1 or 2.
The above-described substituent is preferably a halogen
atom, a cyano group, an alkyl group, an alkoxy group, an aryl
group, an aryloxy group, an acyl group, a carbonamide group,
a sulfonamide group or an ureido group, more preferably a
halogen atom, a cyano group, an alkyl group, an alkoxy
group, an aryloxy group, an acyl group, or a carbonamide
group, still more preferably ahalogen atom, a cyano group, an
alkyl group, an alkoxy group, or an aryloxy group, most
preferably a halogen atom, an alkyl group or an alkoxy group.
[0066] Examples of the halogen atom include a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom.

[0067] The alkyl group may have a cyclic structure or a
branched structure. The alkyl group has preferably from 1 to
20 carbon atoms, more preferably from 1 to 12 carbon atoms,
still more preferably from 1 to 6 carbon atoms, most prefer-

Formula (A)
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ably from 1 to 4 carbon atoms. Examples of the alkyl group
include methyl, ethyl, propyl, isopropyl, butyl, tert-butyl,
hexyl, cyclohexyl, actyl and 2-ethylhexyl.

[0068] The alkoxy group may have a cyclic structure or a
branched structure. The alkoxy group has preferably from 1
to 20 carbon atoms, more preferably from 1 to 12 carbon
atoms, still more preferably from 1 to 6 carbon atoms, most
preferably from 1 to 4 carbon atoms. The alkoxy group may
be further substituted with another alkoxy group. Examples
of the alkoxy group include methoxy, ethoxy, 2-methoxy-
ethoxy, 2-methoxy-2-ethoxyethoxy, butyloxy, hexyloxy and
octyloxy.

[0069] The aryl group has preferably from 6 to 20 carbon
atoms, more preferably from 6 to 12 carbon atoms. Examples
of the aryl group include phenyl and naphthyl.

[0070] The aryloxy group has preferably from 6 to 20 car-
bon atoms, more preferably from 6 to 12 carbon atoms.
Examples of the aryloxy group include phenoxy and naph-
thoxy.

[0071] The acyl group has preferably from 1 to 20 carbon
atoms, more preferably from 1 to 12 carbon atoms. Examples
of the acyl group include formyl, acetyl and benzoyl.

[0072] The carbonamide group has preferably from 1 to 20
carbon atoms, more preferably from 1 to 12 carbon atoms.
Examples of the carbonamide group include acetamide and
benzamide.

[0073] The sulfonamide group has preferably from 1 to 20
carbon atoms, more preferably from 1 to 12 carbon atoms.
Examples of the sulfonamide group include methanesulfona-
mide, benzenesulfonamide and p-toluenesulfonamide.

[0074] Theureido group has preferably from 1 to 20 carbon
atoms, more preferably from 1 to 12 carbon atoms. Examples
of the ureido group include (unsubstituted) ureido.

[0075] The aralkyl group has preferably from 7 to 20 car-
bon atoms, more preferably from 7 to 12 carbon atoms.
Examples of the aralkyl group include benzyl, phenethyl and
naphthylmethyl.

[0076] The alkoxycarbonyl group has preferably from 2 to
20 carbon atoms, more preferably from 2 to 12 carbon atoms.
Examples of the alkoxycarbonyl group include methoxycar-
bonyl.

[0077] The aryloxycarbonyl group has preferably from 7 to
20 carbon atoms, more preferably from 7 to 12 carbon atoms.
Examples of the aryloxycarbonyl group include phenoxycar-
bonyl.

[0078] The aralkyloxycarbonyl group has preferably from
8 to 20 carbon atoms, more preferably from 8 to 12 carbon
atoms. Examples of the aralkyloxycarbonyl group include
benzyloxycarbonyl.

[0079] The carbamoyl group has preferably from 1 to 20
carbon atoms, more preferably from 1 to 12 carbon atoms.
Examples of the carbamoyl group include (unsubstituted)
carbamoyl and N-methylcarbamoyl.

[0080] The sulfamoyl group has preferably 20 or less car-
bon atoms, more preferably 12 or less carbon atoms.
Examples of the sulfamoyl group include (unsubstituted) sul-
famoyl and N-methylsulfamoyl.

[0081] The acyloxy group has preferably from 1 to 20 car-
bon atoms, more preferably from 2 to 12 carbon atoms.
Examples of the acyloxy group include acetoxy and benzoy-
loxy.
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[0082] The alkenyl group has preferably from 2 to 20 car-
bon atoms, more preferably from 2 to 12 carbon atoms.
Examples of the alkenyl group include vinyl, allyl and iso-
propenyl.

[0083] The alkynyl group has preferably from 2 to 20 car-
bon atoms, more preferably from 2 to 12 carbon atoms.
Examples of the alkynyl group include thienyl.

[0084] The alkylsulfonyl group has preferably from 1 to 20
carbon atoms, more preferably from 1 to 12 carbon atoms.

[0085] The arylsulfonyl group has preferably from 6 to 20
carbon atoms, more preferably from 6 to 12 carbon atoms.

[0086] The alkyloxysulfonyl group has preferably from 1
to 20 carbon atoms, more preferably from 1 to 12 carbon
atoms.

[0087] The aryloxysulfonyl group has preferably from 6 to
20 carbon atoms, more preferably from 6 to 12 carbon atoms.

[0088] The alkylsulfonyloxy group has preferably from 1
to 20 carbon atoms, more preferably from 1 to 12 carbon
atoms.

[0089] When the aromatic ring has two or more substitu-
ents, they may be the same or different, or may be mutually
bonded to form a condensed polycyclic compound (such as
naphthalene group, indene group, indane group, phenan-
threne group, quinoline group, isoquinoline group, chromene
group, chromane group, phthalazine group, acridine group,
indole group or indoline group).

[0090] The aromatic acyl group can usually be substituted
for the hydroxyl group of cellulose by a method utilizing a
symmetric acid anhydride or a mixed acid anhydride derived
from an aromatic carboxylic acid chloride or an aromatic
carboxylic acid. A method utilizing an acid anhydride derived
from an aromatic carboxylic acid is particularly preferred
(described in Journal of Applied Polymer Science, 29, 3981-
3990 (1984)).

[0091] Examples of the manufacturing process of a cellu-
lose acylate, that is, a mixed acid ester compound of cellulose
according to the invention include (i) a process of once pre-
paring a fatty acid monoester or diester of cellulose and then
introducing the aromatic acyl group, represented by formula
(A), into remaining hydroxyl groups, or (ii) a method of
reacting mixed acid anhydrides of an aliphatic carboxylic
acid and an aromatic carboxylic acid directly with cellulose.

[0092] In the method (i), the preparation process of a fatty
acid monoester or diester of cellulose is a known method, but
a subsequent reaction of introducing the aromatic acyl group
thereinto varies depending on the kind of the aromatic acyl
group. The reaction temperature is preferably from 0 to 100°
C., more preferably from 20 to 50° C., and the reaction time
is preferably 30 minutes or greater, more preferably from 30
to 300 minutes.

[0093] The reaction conditions of the process (ii) using the
mixed acid anhydrides also vary depending on the kind of the
mixed acid anhydrides. The reaction temperature is prefer-
ably from 0 to 100° C., more preferably from 20 to 50° C., and
the reaction time is preferably from 30 to 300 minutes, more
preferably from 60 to 200 minutes. Each of these reactions
may be performed in a solvent or in a solventless manner, but
preferably in a solvent. Examples of the solvent usable for the
reaction include dichloromethane, chloroform and dioxane.

[0094] Specific examples (Nos. 1 to 51) of the aromatic
acyl group represented by formula (A) will be described
below, but the present invention is not limited thereto. As the
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aromatic acyl group represented by formula (A), Nos. 1, 3, 5,
6,8, 13, 18 and 28 are preferred, with Nos. 1,3, 6 and 13 being

more preferred.
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[0095] The cellulose acylate of the invention has a weight
average polymerization degree of preferably from 250 to 800,
more preferably from 300 to 600. The cellulose acylate has a
number average molecular weight of preferably from 70000
to 230000, more preferably from 75000 to 230000, most
preferably from 78000 to 120000.

[0096] A weight average molecular weight (Mw)/number
average molecular weight (Mn) ratio (Mw/Mn) is preferably
2.0 or greater but not greater than 4.0, more preferably 2.0 or
greater but not greater than 3.5.

(Additives)
(Plasticizer)

[0097] In order to improve mechanical physical properties
or improving a drying speed, a plasticizer can be added to the
cellulose acylate film of the invention. As the plasticizer,
phosphate esters and carboxylate esters are used. Examples of
the phosphate esters include triphenyl phosphate (TPP) and
tricresyl phosphate (TCP). Phthalate esters and citrate esters
are representative of the carboxylate esters. Examples of the
phthalate esters include dimethyl phthalate (DMP), diethyl
phthalate (DEP), dibutyl phthalate (DBP), dioctyl phthalate
(DOP), diphenyl phthalate (DPP), and diethylhexyl phthalate
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(DEHP). Examples of the citrate esters include triethyl o-ace-
tylcitrate (OACTE) and tributyl o-acetylcitrate (OACTB).
Examples of other carboxylates include butyl oleate, methy-
lacetyl licinolate, dibutyl sebacate, and various trimellitate
esters. Of these, phthalate ester plasticizers (such as DMP,
DEP, DBP, DOP, DPP, and DEHP) are preferred, with DEP
and DPP being especially preferred.

[0098] The amount of the plasticizer is preferably from 0.1
to 25 parts by mass, more preferably from 1 to 20 parts by
mass, most preferably from 3 to 15 parts by mass based on
100 parts by mass of the cellulose acetate. (In this specifica-
tion, mass ratio is equal to weight ratio.)

(Ultraviolet Absorber)

[0099] The cellulose acylate film of the invention prefer-
ably contains an ultraviolet absorber.

[0100] The amount of the ultraviolet absorber is preferably
from 1 part by mass to 30 parts by mass, more preferably from
2 parts by mass to 15 parts by mass, most preferably from 3
parts by mass to 10 parts by mass, each based on 100 parts by
mass of the cellulose acylate.

[0101] Examples of the ultraviolet absorber include oxy-
benzophenone compounds, benzotriazole compounds, sali-
cylate ester compounds, benzophenone compounds, cyano
acrylate compounds, and nickel complex salt compounds. Of
these, benzotriazole compounds which stain less are pre-
ferred. Ultraviolet absorbers as described in JP-A-10-182621
and JP-A-8-337574 and high molecular ultraviolet absorbers
as described in JP-A-6-148430 are also preferred. When the
cellulose acylate film of the invention is used as a protective
film of a polarizing plate, ultraviolet absorbers excellent in an
absorption ability of ultraviolet rays having a wavelength not
greater than 370 nm are preferred from the viewpoint of
preventing deterioration of a polarizer or a liquid crystal and
those having less absorption of a visible light having a wave-
length of 400 nm or greater are preferred from the viewpoint
ofliquid crystal display properties. Ultraviolet absorbers hav-
ing an absorption maximum within a wavelength range 0250
nm or greater but not greater than 380 nm are especially
preferred.

[0102] Specific examples of the benzotriazole ultraviolet
absorbers useful in the invention include, but not limited to,
2-(2'-hydroxy-5'-methylphenyl)benzotriazole, 2-(2'-hy-
droxy-3',5'-di-t-butylphenyl)benzotriazole, 2-(2'-hydroxy-3',
5'-methylphenyl)benzotriazole, 2-(2'-hydroxy-3',5'-di-t-bu-
tylphenyl)-5-chlorobenzotriazole, 2-[2'-hydroxy-3'-(3",4",
5",6"-tetrahydrophthalimidomethyl)-5'-methylphenyl]
benzotriazole, 2,2-methylenebis[4-(1,1,3,3-
tetramethylbutyl)-6-(2H-benzotriazol-2-yl)phenol],  2-(2'-
hydroxy-3'-t-butyl-5'-methylphenyl)-5-chlorobenzotriazole,
2-(2H-benzotriazol-2-y1)-6-(linear or side chain dodecyl)-4-
methylphenol, and a mixture of octyl-3-[3-t-butyl-4-hy-
droxy-5-(chloro-2H-benzotriazol-2-yl)phenyl|propionate
and  2-ethylhexyl-3-[3-t-butyl-4-hydroxy-5-(5-chloro-2H-
benzotriazol-2-yl)phenyl|propionate.

[0103] Also, commercially available products such as
“TINUVIN 1097, “TINUVIN 1717, “TINUVIN 326, and
“TINUVIN 328” (each, trade name; product of Ciba Spe-
cialty Chemicals) can be preferably used.

[0104] As the ultraviolet absorber, an ultraviolet absorber
having a melting point of 25° C. or less or a mixture of two or
more ultraviolet absorbers containing the ultraviolet absorber
having a melting point 0f25° C. or less is preferred. When two
or more ultraviolet absorbers are contained, the percentage of
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the ultraviolet absorber(s) having a melting point of 25° C. or
less is preferably 80 mass % or greater but not greater than
100 mass % relative to the total amount of the ultraviolet
absorbers (when the total amount is set at 100 mass %). The
percentage is more preferably 90 mass % or greater but not
greater than 100 mass %, most preferably 95 mass % or
greater but not greater than 100 mass %. In short, use of the
ultraviolet absorber mixture containing the ultraviolet
absorber(s) having a melting point 0of 25° C. or less within the
above-described range is preferred. When at least one such
ultraviolet absorber is contained in an amount within the
above-described range, an increase in haze upon stretching
operation can be reduced further, and moreover reverse dis-
persion characteristics of retardation can be enhanced with-
out causing a large change in the transmittance properties of
the film in the ultraviolet region.

[0105] Examples of the ultraviolet absorber having a melt-
ing point of 25° C. or less include “TINUVIN 109 and
“TINUVIN 171”.

(Other Additives)

[0106] A degradation preventive (for example, antioxidant,
peroxide decomposing agent, radical inhibitor, metal inacti-
vator, acid scavenger, and amine) may be added to the cellu-
lose acylate film. The degradation preventive is described in
JP-A-3-199201, JP-A-5-1907073, JP-A-5-194789, JP-A-5-
271471, and JP-A-6-107854. From the viewpoints of bring-
ing about sufficient effects and preventing bleed out of the
degradation preventive agent onto the film surface, the
amount of the degradation preventive is preferably from 0.01
to 1 mass %, more preferably from 0.01 to 0.2 mass % of a
solution (dope) to be prepared. Especially preferred examples
of the degradation preventive include butylated hydroxytolu-
ene (BHT) and tribenzylamine (TBA).

(Fine Particles as Matting Agent)

[0107] Fine particles are preferably added to the cellulose
acylate film of the invention as a matting agent. Examples of
the fine particles usable in the invention include silicon diox-
ide, titanium dioxide, aluminum oxide, zirconium oxide, cal-
cium carbonate, calcium carbonate, talc, clay, calcined
kaolin, calcined calcium silicate, hydrated calcium silicate,
aluminum silicate, magnesium silicate, and calcium phos-
phate. Of these, silicon-containing fine particles are preferred
because they decrease the turbidity. Silicon dioxide is espe-
cially preferred. The fine particles of silicon dioxide have
preferably an average primary particle size of from 1 nm to 20
nm and an apparent specific gravity of 70 g/liter or greater.
The average primary particle size from 5 nm to 16 nm is more
preferred because it can reduce the haze of the film. The
apparent specific gravity is preferably from 90 to 200 g/liter,
more preferably from 100 to 200 g/liter. As the apparent
specific gravity is greater, a dispersion having a higher con-
centration can be prepared. This brings about improvement in
haze and suppression of aggregation.

[0108] Such fine particles usually form secondary particles
having an average particle size of from 0.05 to 2.0 pm. These
fine particles are present as an aggregate of first particles in
the film, thereby forming irregularities of from 0.05 t0 2.0 um
on the film surface. The average secondary particle size is
preferably from 0.05 pm to 1.0 um, more preferably from 0.1
um to 0.7 pm, most preferably from 0.1 pm to 0.4 um. With
respect to the primary or secondary particle size, particles in
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the film are observed by a scanning electron microscope, and
adiameter of the circumcircle of each particle is defined as the
particle size. An average of the particle sizes of 200 particles
observed at varied positions is defined as the average particle
size.

[0109] As the fine particles of silicon dioxide, commer-
cially available products such as “AEROSIL R972”, “AERO-
SIL R972V”, “AEROSIL R974”, “AEROSIL R812”,
“AEROSIL 2007, “AEROSIL 200V”, “AEROSIL 3007,
“AEROSIL R202”, “AEROSIL 0X50”, and “AEROSIL
TT600” (each, trade name; product of Nippon Aerosil) can be
used. Fine particle of zirconium oxide are commercially
available as “AEROSIL R976” and “AEROSIL R811” (each,
trade name; product of Nippon Aerosil) and they can be used.
[0110] Of these, “AEROSIL 200V~ and “AEROSIL
R972V” are especially preferred because they are fine par-
ticles of silicon dioxide have an average primary particle size
not greater than 20 nm and an apparent specific gravity of 70
g/liter or greater and have an effect of decreasing a friction
coefficient while keeping the haze of an optical film at a low
level.

[0111] The matting agent to be used in the invention is
preferably prepared as follows. A fine particle dispersion is
prepared in advance by mixing the solvent and fine particles
under stirring. The fine particle dispersion is then added to a
separately prepared first additive solution having a cellulose
acylate concentration less than 5 mass % and having a
molecular weight of from 200 to 2000, followed by stirring to
dissolve the former in the latter. After the addition of a second
additive solution to the resulting solution under stirring, the
solution thus obtained is mixed with a main cellulose acylate
dope solution.

[0112] The matting agent has a hydrophobized surface so
that when hydrophobic additives are added, they are adsorbed
to the surface of the matting agent and with this as a nucleus,
an aggregate of the additives tend to appear. It is therefore
preferred to mix, after mixing of relatively hydrophilic addi-
tives with the dispersion of a matting agent, the resulting
mixture with hydrophobic additives, because aggregation of
the additives on the surface of the matting agent can be sup-
pressed, haze can be suppressed to a low level and light
leakage in black display state when the film is incorporated in
a liquid crystal display device can be reduced.

[0113] For mixing of the matting agent dispersion and the
additive solution and subsequent mixing with the cellulose
acylate solution, use of an in-line mixer is preferred. The
invention is not limited to such a method. When fine particles
of'silicon dioxide are added and dissolved in a solvent or the
like, the concentration of silicon dioxide is preferably from 5
to 30 mass %, more preferably from 10 to 25 mass %, most
preferably from 15 to 20 mass %. The higher dispersion
concentration is preferred because the turbidity occurring by
the same amount of addition is lower and the haze and aggre-
gation degree are improved. The amount of the matting agent
in the final cellulose acylate dope solution is preferably from
0.001 to 1.0 mass %, more preferably from 0.005 to 0.5 mass
%, most preferably from 0.01 to 0.1 mass %.

[Preparation of Cellulose Acylate Film]

[0114] The cellulose acylate film of the invention is pre-
pared preferably by a solvent casting method. In the solvent
casting method, the film is prepared using a solution (dope)
having a cellulose acylate dissolved in an organic solvent.
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[0115] The organic solvent preferably includes a solvent
selected from C;_,, ethers, C;_;, ketones, C;_;, esters, and
C,_¢ halogenated hydrocarbons.

[0116] The ethers, ketones and esters may each have a
cyclic structure. Compounds containing any two or more of
the functional groups of the ether, ketone and the ester (that is,
—0—, —CO—, and —COO—) can also be used as the
organic solvent. The organic solvent may contain another
functional group such as an alcoholic hydroxyl group. In the
organic solvent having two or more functional groups, the
number of carbon atoms thereof falls within the above-de-
scribed preferred range of the number of carbon atoms of the
solvent containing any one of the functional groups.

[0117] Examples of the C,_,, ethers include diisopropyl
ether, dimethoxymethane, dimethoxyethane, 1,4-dioxane,
1,3-ioxolan, tetrahydrofuran, anisole, and phenetole.

[0118] Examples of the C,_,, ketones include acetone,
methyl ethyl ketone, diethyl ketone, diisobutyl ketone, cyclo-
hexanone, and methylcyclohexanone.

[0119] Examples of the C;_,, esters include ethyl formate,
propy! formate, pentyl formate, methyl acetate, ethyl acetate,
and pentyl acetate.

[0120] Examples of the organic solvent containing two or
more functional groups include 2-thoxyethyl acetate, 2-meth-
oxyethanol, and 2-butoxyethanol.

[0121] The number of carbon atoms of the halogenated
hydrocarbon is preferably 1 or 2, most preferably 1. The
halogen of the halogenated hydrocarbon is preferably chlo-
rine. A proportion of the halogen substituted for the hydrogen
atom of the halogenated hydrocarbon is preferably from 25 to
75 mole %, more preferably from 30 to 70 mole %, still more
preferably from 35 to 65 mole %, most preferably from 40 to
60 mole %. Methylene chloride is a representative haloge-
nated hydrocarbon.

[0122] As the organic solvent of the invention, a mixture of
methylene chloride with an alcohol is preferred. The alcohol
is added in an amount of preferably 1 mass % or greater but
not greater than 50 mass %, more preferably 10 mass % or
greater but not greater than 40 mass %, most preferably 12
mass % or greater but not greater than 30 mass %, each
relative to methylene chloride. As the alcohol, methanol,
ethanol, and n-butanol are preferred, and a mixture of two or
more alcohols may be used.

[0123] The cellulose acylate solution can be prepared by an
ordinarily employed method including treatment at a tem-
perature of 0° C. or greater (normal temperature or high
temperature). The solution can be prepared using a prepara-
tion process of a dope and a device in the usual solvent casting
method. In the ordinarily employed method, use of a haloge-
nated hydrocarbon (especially, methylene chloride) as the
organic solvent is preferred.

[0124] The amount of the cellulose acylate is adjusted so
that that it is contained in an amount of from 10 to 40 mass %
based on the total amount of the resulting solution. The
amount of the cellulose acylate is more preferably from 10 to
30 mass %. Any additive selected from the above-descried
additives may be added to the organic solvent (prime solvent).
[0125] The cellulose acylate solution can be prepared by
stirring the cellulose acylate and the organic solvent at normal
temperature (from O to 40° C.). The solution with a high
concentration may be stirred under pressure and heat. More
specifically, the cellulose acylate and organic solvent are
charged in a pressure vessel, and after hermetic sealing of the
vessel, the mixture is stirred under pressure while heating at a
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temperature range of from the boiling point of the solvent at
normal temperature to a temperature at which the solvent is
not boiled.

[0126] The heating temperature is usually 40° C. or greater,
preferably from 60 to 200° C., more preferably from 80 to
110° C.

[0127] The components may be charged in a vessel after
mixed roughly. Alternatively, they may be successively
charged in the vessel. The vessel must be constructed such
that stirring can be performed therein. Pressure is applied to
the vessel by injecting thereinto an inert gas such as a nitrogen
gas. An increase in the vapor pressure of the solvent by
heating may be utilized. Alternatively, after hermetic sealing
ofthe vessel, the components may be added under a pressure.
[0128] The vessel is heated preferably from the outside
thereof. For example, a jacket type heater may be employed.
Alternatively, the whole vessel may be heated by providing a
plate heater outside the vessel and circulating a liquid through
a tube arranged thereover.

[0129] Stirring is performed preferably using a stirring
blade installed inside the vessel. The stirring blade is prefer-
ably long enough to reach the vicinity of the wall of the vessel.
At the end of the stirring blade, a scraping blade is preferably
installed in order to accelerate constant regeneration of a
liquid film on the wall of the vessel.

[0130] The vessel may be equipped with a measuring
instrument such as pressure gauge and thermometer. The
components are dissolved in the solvent within the vessel. A
dope solution may be cooled and then taken out from the
vessel, or may be taken out from the vessel and then cooled by
using a heat exchanger or the like.

[0131] The solution can also be prepared by a cooling and
dissolving method. According to the cooling and dissolving
method, the cellulose acylate can be dissolved in an organic
solvent which hardly dissolves it therein by the ordinary
method. When the cooling and dissolved method is employed
for a solvent capable of dissolving the cellulose acylate
therein by the ordinary dissolving method, it enables rapid
preparation of a uniform solution.

[0132] Inthecooling and dissolving method, first of all, the
cellulose acylate is added in portions in an organic solvent at
room temperature while stirring. The amount of the cellulose
acylate is preferably adjusted so that the cellulose acylate
content in the mixture is from 10 to 40 mass %. The cellulose
acylate content is more preferably from 10 to 30 mass %. Any
of'the above-described additives may be added to the mixture
in advance.

[0133] Next, the mixture is cooled to from =100 to -10° C.
(preferably from —80to —-10° C., more preferably from -50 to
-20° C., most preferably from -50 to -30° C.). The cooling
can be carried out, for example, in a dry ice-methanol bath
(=75° C.) or acooled diethylene glycol solution (from -30 to
-20° C.). The mixture of the cellulose acylate and the organic
solvent is solidified by cooling.

[0134] The cooling rate is preferably 4° C./min or greater,
more preferably 8° C./min or greater, most preferably 12°
C./min or greater. The greater the cooling rate, the better. A
theoretical upper limit is, however, 10000° C./sec; a technical
upper limit is 1000° C./sec; and a practical upper limit is 100°
C./sec. The term “cooling rate” as used herein means a value
obtained by dividing a difference between the temperature at
the starting time of cooling and the final cooling temperature
by a time required for reaching the final cooling temperature
after cooling is started.
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[0135] After cooling, the resulting solid is heated to from 0
to 200° C. (preferably from 0 to 150° C., more preferably
from 0 to 120° C., most preferably from 0to 50° C.), whereby
the cellulose acylate is dissolved in the organic solvent. The
temperature may be elevated only by allowing the solid to
stand at room temperature. The solid may be heated in a warm
bath.

[0136] The heating rate is preferably 4° C./min or greater,
more preferably 8° C./min or greater, most preferably 12°
C./min or greater. The greater the heating rate, the better. A
theoretical upper limit is however 10000° C./sec; a technical
upper limit is 1000° C./sec; and a practical upper limit is 100°
C.sec. The heating rate is a value obtained by dividing a
difference between the temperature at the starting time of
heating and the final heating temperature by a time required
for reaching the final heating temperature after heating is
started.

[0137] In the above-described manner, a uniform solution
is obtained. If the solution is not sufficiently uniform, the
cooling and heating operation may be repeated. Whether the
solution is sufficiently uniform or not can be judged only by
visually observing the appearance of the solution.

[0138] In the cooling and dissolving method, in order to
avoid mixing, in the solution, of water due to dew condensa-
tion at the time of cooling, use of a closed vessel is preferred.
In the cooling and heating operation, dissolution time can be
reduced when pressure is applied upon cooling and pressure
is reduced upon heating. In carrying out the pressure appli-
cation or pressure reduction, use of a pressure vessel is pre-
ferred.

[0139] According to the measurement by a differential
scanning calorimeter (DSC), a pseudo phase transition point
between a sol state and a gel state is present in the vicinity of
33° C. in a 20 mass % solution obtained by dissolving a
cellulose acetate (degree of acetylation: 60.9%, viscosity
average polymerization degree: 299) in methyl acetate by the
cooling and dissolving method, and the solution becomes in a
uniform gel state at a temperature not greater than this tem-
perature. Accordingly, this solution must be kept at the
pseudo phase transition point or greater, preferably at a tem-
perature greater by about 10° C. than the gel phase transition
point. However, the pseudo phase transition point varies
depending on the degree of acetylation, viscosity average
polymerization degree or solution concentration of cellulose
acetate, or the organic solvent.

[0140] A cellulose acylate film is prepared using the cellu-
lose acylate solution (dope) by the solvent casting method. A
retardation raising agent is preferably added to the dope.
[0141] The film is formed by casting the dope on a drum or
band, and then vaporizing the solvent. The dope before cast-
ing is preferably adjusted so that its solid content becomes
from 18 to 35 mass %. The drum or band is preferably finished
to have a mirror surface. The dope is preferably cast on a drum
or band having a surface temperature not higher than 10° C.
[0142] A drying method in the solvent casting method is
described in U.S. Pat. Nos. 2,336,310, 2,367,603, 2,492,078,
2,492,977, 2,492,978, 2,607,704, 2,739,069 and 2,739,070,
UK. Patents Nos. 640,731 and 736,892, JP-B-45-4554,
JP-B-49-5614, IP-A-60-176834, JP-A-60-203430, and
JP-A-62-115035. Drying on the band or drum can be carried
out by blowing air or an inert gas such as nitrogen.

[0143] Thedrying ofthe cellulose acylate film of the inven-
tion on the band or drum is carried out preferably at a tem-
perature as low as possible. When the residual solvent content
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is 30 mass % or greater, the drying temperature is preferably
150° C. or less, more preferably 120° C. or less, most prefer-
ably 90° C. or less.

[0144] Drying within the above-described temperature
range can reduce the generation of fine crystals in the film.

[0145] The film can also be formed by casting the cellulose
acylate solution (dope) into two or more layers. In this case,
the cellulose acylate film is preferably prepared by the solvent
casting method. The film is formed by casting the dope on a
drum or bad, and vaporizing the solvent. The concentration of
the dope before casting is preferably adjusted so that its solid
content falls within a range of from 10 to 40 mass %. The
drum or band is preferably finished to have a mirror surface.

[0146] The cellulose acylate film of the invention is prefer-
ably obtained by stretching in a traveling direction (longitu-
dinal direction) of the film and/or a direction (width direction)
perpendicular thereto.

[0147] A method for stretching in the width direction is
described in, for example, JP-A-62-115035, JP-A-4-152125,
JP-A-4-284211, JP-A-4-298310, and JP-A-1148271. The
film can be stretched in a longitudinal direction, for example,
by adjusting the rate of conveyor rollers of the film to make a
take-up rate faster than a strip-off rate. On the other hand, the
film can be stretched in a width direction by conveying the
film while keeping its width by a tenter and gradually increas-
ing the width of the tenter. The film may be stretched by using
a stretching machine after drying of the film (preferably by
uniaxial stretching using a long stretching machine).

[0148] Inorder to improve the development of both Re and
Rth, stretching both in a traveling direction and a width direc-
tion is especially preferred.

[0149] For the formation of the cellulose acylate film of the
invention, stretching is performed preferably at a predeter-
mined stretching rate while keeping a residual solvent content
not greater than a predetermined amount. When the stretching
is started, the residual solvent content is usually 1 mass % or
greater but not greater than 80 mass %, preferably 1 mass %
or greater but not greater than 70 mass %, more preferably 1
mass % or greater but not greater than 60 mass %.

[0150] The stretching temperature is preferably (the glass
transition point of the film-20° C.) or greater but not greater
than (the glass transition point of the film+20° C.).

[0151] A stretch ratio of the film is preferably from 1% to
100%, more preferably from 5% to 90%. The term “stretch
ratio of the film” as used herein means a value determined by
the following equation (12):

{(Dimension after stretching/dimension before
stretching)—1}x100(%) (12)

[0152] A (stretchratio in the width direction/stretch ratio in
the longitudinal direction) ratio is preferably 1 or greater but
not greater than 10, more preferably 2 or greater but not
greater than 8.

[0153] Inshort, the cellulose acylate film of the invention is
preferably obtained by stretching a film, which has been
formed using a cellulose acylate having an acylation degree of
2.50 or greater but not greater than 2.90, in a traveling direc-
tion of the film and/or a direction perpendicular thereto at a
stretch ratio of 1% or greater but not greater than 100%, more
preferably 5% or greater but not greater than 90%.
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[Properties of the Cellulose Acylate Film]
(Film Thickness)

[0154] The cellulose acylate film of the invention has a
thickness of 30 um or greater but less than 70 um, preferably
40 um or greater but not greater than 60 pm, more preferably
40 pm or greater but not greater than 55 pm.

[0155] By setting the film thickness within the above-de-
scribed range, a cellulose acylate film having a high orienta-
tion degree and excellent in handling properties can be
obtained. More specifically, when the film thickness is less
than 30 pum, the transport at the time of manufacturing a long
roll becomes unstable and troubles such as cracks or flaws
occur. When the film thickness exceeds 70 pum, the degree of
orientation cannot be improved sufficiently.

(Retardation of the Film)

[0156] Inthe present specification, Re and Rth represent an
in-plane retardation and a retardation in a thickness direction.
The Re is measured by making light having a wavelength of
590 nm incident in a normal line direction in “KOBRA
21ADH?” (trade name; product of Oji Science Instruments).
The Rth is calculated by “KOBRA21 ADH” on the basis of
retardation values as measured in three directions in total, that
is, the above-described Re, a retardation value as measured by
making light having a wavelength of 590 nm incident from a
direction inclined by +40° against the normal line direction of
the film while making the in-plane slow axis (judged by
“KOBRA 21ADH?”) serve as a tilt axis (rotation axis), and a
retardation value as measured by making light having a wave-
length of 590 nm incident from a direction inclined by —40°
against the normal line direction of the film while making the
in-plane slow axis serve as a tilt axis (rotation axis). Here, as
hypothetical values of an average refractive index, values
described in Polymer Handbook (John Wiley & Sons, Inc.)
and various catalogues of optical films can be employed.
When an average refractive index is not known, it can be
measured by an Abbe’s refractometer. The average refractive
index of each of major optical films is as follows:

[0157] Cellulose acylate (1.48),

[0158] cycloolefin polymer (1.52),

[0159] polycarbonate (1.59),

[0160] polymethyl methacrylate (1.49), and

[0161] polystyrene (1.59).

[0162] By inputting a hypothetical value of the average

refractive index and a film thickness, KOBRA 21 ADH com-
putes nx, ny and nz.

[0163] In the invention, when the retardation shows
“reverse dispersion” in wavelength dispersion, it means that
the shorter the wavelength, the smaller the retardation value.
[0164] The retardation of the cellulose acylate film of the
invention satisfies the following relations of the equations (1)
to (6):

20 nm<Re(548)<100 nm (1)
100 nm<Rth(548)<400 nm (2)
0.5=Re(446)/Re(548)=0.90 (3)
1.05=Re(629)/Re(548)=1.50 4
0.5=Rth(446)/Rth(548)=0.95 (5)
1.05=Rth(629)/Rth(548)=1.50 (6)
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[0165] The equation (1) is more preferably the following
equation (1-b), most preferably the following equation (1-¢):

30 nm<Re(548)<90 nm (1-b)

35 nm<Re(548)<80 nm (1-c)

[0166] The equation (2) is more preferably the following
equation (2-b), most preferably the following equation (2-c):

110 nm<Rth(548)<350 nm (2-b)

120 nm<Rth(548)<300 nm (2-c)

[0167] The equation (3) is more preferably the following
equation (3-b), most preferably the following equation (3-c¢):

0.6=Re(446)/Re(548)=<0.87 (3-b)

0.7=Re(446)/Re(548)=0.85 (3-¢)

[0168] The equation (4) is more preferably the following
equation (4-b), most preferably the following equation (4-c):

1.07=Re(629)/Re(548)<1.30 (@-b)

1.10=Re(629)/Re(548)=1.20 (4-¢c)

[0169] The equation (5) is more preferably the following
equation (5-b), most preferably the following equation (5-c):

0.6 =<Rth(446)/Rth(548)=0.90 (5-b)

0.7=Rth(446)/Rth(548)=<0.85 (5¢)

[0170] The equation (6) is more preferably the following
equation (6-b), most preferably the following equation (6-¢):

1.07=Rth(629)/Rth(548)=<1.40 (6-b)

1.10=Rth(629)/Rth(548) =1.30 (6-c)

[0171] By controlling the retardation to fall within the
above-described range, a liquid crystal display device having
a less color shift at any viewing angle can be obtained when
the film is incorporated as an optically compensatory sheet
member in the device. Moreover, by adjusting the thickness
of the film to fall within the above-described range and con-
trolling the retardation as described above, it is possible to
constitute the film by using only reusable materials, reduce
the haze and improve the wavelength dispersion characteris-
tics.

[0172] Described specifically, a contrast change due to
viewing angle becomes large when the Re(548) is 20 nm or
less or 100 nm or greater.

[0173] The contrast change due to viewing angle also
becomes large when the Rth(548) is 100 nm or less or 400 nm
or greater.

[0174] A color shift depending ona viewing angle becomes
large when the Re(446)/Re(548), Re(629)/Re(548), Rth
(446)/Rth(548) or Rth(629)/Rth(548) is outside the above-
described range.

[0175] A film satisfying the above-described equations (1)
to (6) can be obtained by selecting a proper cellulose acylate
material, adjusting the kind or amount of additives such as
ultraviolet absorber or controlling the stretching conditions.
Details will be described later in Examples.

(Haze)

[0176] The haze of the cellulose acylate film of the inven-
tion is preferably 0.1 or greater but not greater than 0.8, more
preferably 0.1 or greater but not greater than 0.7, most pref-
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erably 0.1 or greater but not greater than 0.60. The haze can be
measured using any haze meter ordinarily used in the related
field. For example, a haze meter (“1001DP”, product of Nip-
pon Denshoku Industries) can be used for its measurement. In
the invention, the haze measured using a haze meter (“HGM-
2DP”, trade name; product of Suga Test Instruments) accord-
ing to JIS K6714 was used. By controlling the haze within the
above-described range, the resulting film can provide a high
contrast image when it is incorporated as an optically com-
pensatory sheet in a liquid crystal display device.

(Transmission of Film)

[0177] The cellulose acylate film of the invention has pref-
erably light transmission at 370 nm of 5% or less, more
preferably 0% or greater but not greater than 2%. It has
preferably light transmission at 390 nm of 80% or greater,
more preferably 85% or greater.

[0178] By controlling the light transmission within the
above-described range, the durability of liquid crystal cells
can be improved without staining the film.

[0179] The transmission of the film can be measured, for
example, by a spectrophotometer “UV 3500 (trade name;
product of Shimadzu Corporation).

(Orientation Degree of Main Cellulose Acylate Chain)

[0180] It is preferred that assuming that the degree of in-
plane orientation of a cellulose acylate molecular chain of the
entire film thickness is Po and the degree of orientation of the
cellulose acylate molecular chain in a thickness direction of
the film is Pth, the Po and Pth satisfy the following relations
of equations (7) and (8):

0.040=P0=0.10 ()]
0.12=Pth=0.40 (®)

[0181] The equation (7) is preferably the following equa-
tion (7-b), most preferably the following equation (7-c):

0.05=P0o=0.10 (7-b)
0.06=P0=0.10 (7-0)

[0182] The equation (8) is preferably the following equa-
tion (8-b), most preferably the following equation (8-c):

0.15=Pth=0.35 (8-b)
0.20=Pth=0.30 (8-0)

[0183] When the Po is the above-described lowest limit or
greater, the Re becomes a desired value. When the Po is the
above-described upper limit or less, on the other hand, the
haze can be suppressed sufficiently. The Po within the above-
described range is therefore preferred.

[0184] When the Ph is the above-described lowest limit or
greater, the Rth becomes a desire value. When the Pth is the
above-described upper limit or less, on the other hand, the
haze can be suppressed sufficiently. The Pth within the above-
described range is therefore preferred.

[0185] In the cellulose acylate film of the invention, the
degree Po of in-plane orientation of the cellulose acylate
molecular chain of the film surface and the degree Po of
in-plane orientation of the cellulose acylate molecular chain
of the entire film thickness preferably satisfy the relation of
the following equation (9):

Jan. 22,2009

1=(Po of the film surface)/(Fo of the entire film thick-

ness)=1.5 ©)
[0186] The equation (9) is more preferably the following
equation (9-b), most preferably the following equation (9-c):

1=(Po of the film surface)/(Fo of the entire film thick-
ness)=1.3 (9-b)

1=(Po of the film surface)/(Po of the entire film thick-

ness)=1.2 (9-¢)
[0187] By controlling the degree of orientation of the cel-
lulose acylate molecular chain within the above-described
range, a cellulose acylate film exhibiting large reverse wave-
length dispersion characteristics and having large Re and Rth
is available.
[0188] Thedegreeofin-plane orientation (orientation order
parameter) Po of the film surface in the invention can be
determined from peak intensities of 20y/®=6~11°, which
have been detected by the rotation of an X-ray detector and
sample at angles of 20y and ® by using thin-film X-ray
In-Plain method, according to the following expression (21):

Py=(3 cos’p-1)/2 1)

wherein, cos®p can be determined in accordance with the
following equation:

2B = 2B 1(B)-sinfd “1(B)-sinpd
cos“f3 fcosﬁ (B)-sinf3 ,B/fo (B)-sinBdf

[0189] The degree Po of in-plane orientation of the cellu-
lose acylate molecular chain of the entire film thickness can
be determined according to the above-described expression
by using an average of peak intensities of 20~6~11° in two-
dimensional transmission X-ray measurement.

[0190] The degree Pth of orientation of the film in a thick-
ness direction is determined as an average value of the surface
orientation of the cross-section of the film including the trav-
eling direction and thickness direction and the surface orien-
tation of the cross-section of the film including the width
direction and thickness direction.

(Planar Troubles)

[0191] In the cellulose acylate film of the invention, the
number of foreign matters or aggregates of 30 um or greater
present on a 30-cm wide and 1-m long portion at both ends of
the cellulose acylate film used as a sample is preferably from
0 to 50, more preferably from 0 to 40, especially preferably
from O to 30.

(Surface Treatment of Cellulose Acylate Film)

[0192] The cellulose acylate film has preferably a surface
energy of from 55 to 75 mN/m. The film is preferably sub-
jected to surface treatment in order to adjust the surface
energy within the above-described range. Examples of the
surface treatment include saponification treatment, plasma
treatment, flame treatment and ultraviolet irradiation treat-
ment. The saponification treatment includes acid saponifica-
tion treatment and alkali saponification treatment, while the
plasma treatment includes corona discharge treatment and
glow discharge treatment. In order to keep surface flatness of
the film, the temperature of the cellulose acylate film is pref-
erably adjusted to the glass transition point (Tg) or less, more
specifically, 150° C. or less in such a surface treatment. The
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surface energy of the cellulose acetate film after the surface
treatment is preferably from 55 to 75 mN/m.

[0193] The glow discharge treatment may be treatment
with low temperature plasma which occurs under a low pres-
sure gas of from 107> to 20 Torr, and plasma treatment under
atmospheric pressure is also preferred. A plasma excited gas
is a gas plasma-excited under the above-described conditions.
Examples of it include argon, helium, neon, krypton, xenon,
nitrogen, carbon dioxide and chlorofluorocarbons such as
tetrafluoromethane, and mixtures thereof. Detailed descrip-
tion on them is found in the Technical Report of Japan Insti-
tute of Invention and Innovation (Technology No. 2001-1745,
published on Mar. 15, 2001 by Japan Institute of Invention
and Innovation), pp. 30-32. For plasma treatment under atmo-
spheric pressure, which has recently attracted attentions, irra-
diation energy of from 20 to 500 kGy is used under from 10 to
1000 keV and more preferably, irradiation energy of from 20
to 300 kGy is used under from 30 to 500 keV. Of these, alkali
saponification treatment is especially preferred and it is very
effective as the surface treatment of a cellulose acylate film.

[0194] Alkali saponification treatment is preferably per-
formed either by dipping the cellulose acylate film directly in
a saponification solution tank or by applying the saponifica-
tion solution to the cellulose acylate film. Examples of the
application method include dip coating, curtain coating,
extrusion coating, bar coating and E-type coating. As a sol-
vent for the coating solution to be used for the alkali saponi-
fication treatment, that having a good wetting property to
facilitate application of the coating solution to a transparent
support and capable of keeping a good surface state while
avoiding formation of irregularities on the surface of the
transparent support even if the solvent of the saponification
solution is used is preferably selected. Specifically, alcoholic
solvents are preferred, with isopropyl alcohol, being espe-
cially preferred. An aqueous solution of a surfactant can also
be used as the solvent. The alkali to be used in the coating
solution for alkali treatment is preferably an alkali which
dissolves in the above-described solvent, with KOH and
NaOH being preferred. The pH of the coating solution for
saponification treatment is preferably 10 or greater, more
preferably 12 or greater. The reaction time for the alkali
saponification is preferably from 1 second to 5 minutes, more
preferably from 5 seconds to 5 minutes, particularly prefer-
ably from 20 seconds to 3 minutes, at room temperature. After
completion of the alkali saponification reaction, the saponi-
fication solution-applied surface is preferably washed with
water or successively with an acid and water.

[0195] The surface energy of the solid thus obtained can be
determined by the contact angle method, the wet heating
method or the adsorption method as described in The Basic
Theory and Application of Wetting”, published by Realize
Co., Ltd. on Dec. 10, 1989]. The contact angle method is
suited for use in the cellulose acylate film of the invention.
Described specifically, the surface energy of the film can be
determined by adding, dropwise to the film, two solutions
whose surface energies are known, defining an angle which is
formed between the film surface and a tangent to the liquid
drop at the intersection therebetween and is on the side of the
liquid drop as the contact angle, and carrying out calculation.
[0196] A cellulose acylate film having a surface energy of
from 55 to 75 mN/m can be obtained by carrying out the
above described surface treatment. Use of this cellulose acy-
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late film as a transparent protective film of a polarizing plate
can improve the adhesion between a polarization film and the
cellulose acylate film.

[0197] When the cellulose acylate film of the invention is
used in an OCB mode liquid crystal display device, it is
incorporated therein as the optically compensatory sheet of
the invention obtained by forming an orientation film on the
cellulose acylate film and then laying thereover an optically
anisotropic layer containing a discotic compound or rod-like
liquid crystal compound. The optically anisotropic layer is
formed by orienting the discotic compound (or a rod-like
liquid crystal compound) on the orientation film and fixing
the orientation state thus formed. When the optically aniso-
tropic layer is laid over the cellulose acylate film, it is con-
ventionally necessary to form a gelatin undercoat layer
between the cellulose acylate film and the orientation film to
secure the adhesion therebetween. Use of the cellulose acy-
late film having a surface energy of 55 to 75 mN/m, as in the
invention, enables the omission of the gelatin undercoat layer.

[Optical Material Using Cellulose Acylate Film]
(Optically Compensatory Sheet)

[0198] The optically compensatory sheet of the invention
will next be described.

[0199] The optically compensatory sheet of the invention is
characterized in that it contains the above-described cellulose
acylate film of the invention. The cellulose acylate film of the
invention functions as an optically compensatory sheet even
if it is used singly. It is therefore preferred to use the cellulose
acylate film of the invention as an optically compensatory
sheet. The optically compensatory sheet of the invention may
have an optically anisotropic layer thereon.

[0200] Theoptically anisotropic layer preferably contains a
liquid crystal compound. In the invention, the optically aniso-
tropic layer containing a discotic compound (discotic liquid
crystal) as the liquid crystal compound is especially pre-
ferred. The discotic compound has side chains extending
radially from the discotic core portion thereof and thus has a
similar structure to that of a triphenylene derivative. In order
to impart time-dependent stability to the compound, a group
which reacts by heat or light is preferably introduced therein.
Preferred examples of the discotic compound are described in
JP-A-8-50206.

[0201]
pound.

The following is one example of the discotic com-

R R

o)
[
R= —o—ﬁ 0— CH,CH,CH,CH, —0—C—C=CH,
o}
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[0202] The discotic liquid crystal molecule has a pre-tilt
angle in a rubbing direction in the vicinity of the oriented
layer and is oriented substantially parallel to the film plane.
On the opposite side, that is, the air surface side, the discotic
liquid crystal molecule stands up and is oriented in a substan-
tially vertical form against the plane. The discotic liquid
crystal layer, as a whole, takes hybrid orientation, and view-
ing angle enlargement of TFT-LCD of a TN mode can be
realized by this layer structure.

[0203] The optically anisotropic layer is usually available
by dissolving a discotic compound and other compounds (for
example, a polymerizable monomer and a photopolymeriza-
tioninitiator) in a solvent, applying the resulting solution onto
the oriented layer, drying, heating to the discotic nematic
phase forming temperature, polymerizing by exposure to UV
light or the like, and then cooling. The transition temperature
ofthe discotic compound, which is to be used in the invention,
from discotic nematic liquid crystal phase to solid phase is
preferably from 70 to 300° C., especially preferably from 70
to 170° C.

[0204] As compounds other than discotic compounds to be
added to the optically anisotropic layer, any compound can be
used insofar as it has compatibility with the discotic com-
pound and can give a preferred change of the tilt angle to the
discotic compound or it does not hinder the orientation.
Examples of such a compound include polymerizable mono-
mers (such as compounds having a vinyl group, vinyloxy
group, acryloyl group, or methacryloyl group), orientation
controlling additives on the air interface side such as fluorine-
containing triazine compounds, and polymers such as cellu-
lose acetate, cellulose acetate propionate, hydroxypropyl cel-
lulose, and cellulose acetate butyrate. The compound is
usually added in an amount of from 0.1 to 50 mass %, pref-
erably from 0.1 to 30 mass %, relative to the discotic com-
pound.

[0205] The optically anisotropic layer has a thickness of
preferably from 0.1 to 10 pm, more preferably from 0.5 to 5

pm.
(Polarizing Plate)

[0206] The polarizing plate of the invention is character-
ized in that it has a polarization film and two transparent
protective films disposed on both sides thereof and at least
one of the transparent protective films is the above-described
optically compensatory sheet of the invention.

[0207] The polarizing plate is usually composed of a polar-
ization film and two transparent protective films disposed on
both sides thereof. It has, as one of the protective films, the
optically compensatory sheet of the invention having the
above-described cellulose acylate film. The other protective
film may be the optically compensatory sheet of the invention
or may be an ordinarily used cellulose acetate film.

[0208] The polarization film is, for example, an iodine
polarization film, dye polarization film using a dichroic dye,
or polyene polarization film. Each of the iodine polarization
film and dye polarization film is usually prepared using a
polyvinyl alcohol film.

[0209] The slow axis of the optically compensator sheet
containing the cellulose acylate film is disposed substantially
parallel to the transmission axis of the polarization film.

(Antireflection Layer)

[0210] An antireflection layer is preferably disposed on a
transparent protective film of a polarizing plate arranged on a
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side opposite to a liquid crystal cell. In particular in the
invention, (1) an antireflection layer having a transparent
protective film and a light scattering layer and a low refractive
index layer stacked thereover in the order of mention, or (2) an
antireflection layer having a transparent protective film and a
medium refractive index layer, a high refractive index layer
and a low refractive index layer stacked thereover in the order
of mention are preferred. The preferred examples of these
antireflection layers are described below.

(1) An Antireflection Layer Having a Transparent Protective
Film and a Light Scattering Layer and a Low Refractive Index
Layer Stacked Thereover.

[0211] Mat particles are dispersed in the light scattering
layer. The material of a portion of the light scattering layer
other than the mat particles has a refractive index preferably
falling within a range of from 1.48 to 2.00, while the low
refractive index layer has a refractive index preferably falling
within a range of from 1.20 to 1.49. In the invention, the light
scattering layer has both anti-glare properties and hard coat
properties, and may comprise one layer, or a plurality of
layers, for example, two to four layers.

[0212] The antireflection layer preferably has sufficient
anti-glare properties and a visually uniform mat surface when
its surface unevenness is designed so that the center line
average roughness Ra ranges from 0.08 to 0.40 um, the ten
point average roughness Rz becomes 10 times as much as Ra
or less, the average peak-to-valley distance Sm ranges from 1
to 100 pm, the standard deviation of the height of the convex
from the deepest point of the unevenness becomes 0.5 um or
less, the standard deviation of average peak-to-valley dis-
tance Sm with the center line as standard becomes 20 um or
less, and a surface with an inclination angle of from 0 to 5
amounts to 10% or more. In addition, when the tint of a
reflected light under light source C is -2 to 2 as a* value and
-3 to 3 as b* value and a ratio of the minimum value to the
maximum value of the reflectance within a range of from 380
to 780 nm is from 0.5 to 0.99, the tint of the reflected light
preferably becomes neutral. Further, by adjusting the b*
value of the reflected light under light source C to from O to
3, a yellowish color in white display is reduced when the
antireflection layer is applied to an image display. When a
lattice of 120 umx40 pm is inserted between a surface light
source and the antireflection film of the invention and the
standard deviation of luminance distribution measured on the
film is 20 or less, glare at the time when a film of the invention
is applied to a high precision panel is preferably reduced.

[0213] By adjusting the optical properties of the antireflec-
tion layer, more specifically, adjusting the mirror reflectivity
10 2.5% or less, transmittance to 90% or more, and 60 degree
gloss to 70% or less, the antireflection layer can suppress
reflection of an outer light and has improved visibility. In
particular, the mirror reflectivity is more preferably 1% or
less, most preferably 0.5% or less. By adjusting a haze to from
20% to 50%, a ratio of inside haze/total haze to from 0.3 to 1,
areduction of a haze from that at the time of providing a light
scattering layer to that at the time of providing a low refractive
index layer to 15% or less, the vividness of a transmitted
image at the time of comb breadth of 0.5 mm to from 20 to
50%, and a ratio of a light transmitted in a perpendicular
direction to a light transmitted in a direction inclined by 2°
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therefrom to from 1.5 to 5.0, glare on a high precision LCD
panel can be prevented and a reduction of blur of letters and
the like can be achieved.

<Low Refractive Index Layer>

[0214] The low refractive index layer of the antireflection
film has a refractive index of from 1.20 to 1.49, preferably
from 1.30 to 1.44. The low refractive index layer preferably
satisfies the following equation (VI) in order to reduce the
refractive index.

Equation (VI)
[0215]
(m/4)x0.7<nldl<(m/4)x1.3 (VD)

wherein, m represents a positive odd number, nl represents a
refractive index of a low refractive index layer, dl represents
a film thickness (nm) of the low refractive index layer, and A
is wavelength, which is in the range of from 500 to 550 nm.
[0216] The materials for forming the low refractive index
layer will next be described.

[0217] The low refractive index layer in the invention con-
tains a fluorine-containing polymer as a low refractive index
binder. The fluorine-containing polymer having a dynamic
friction coefficient of from 0.03 to 0.20, a contact angle to
water of from 90 to 120°, and a sliding angle of pure water of
70° or less and capable of crosslinking by heat or ionizing
radiation is preferred. The polymer has preferably a lower
peel force from commercially available adhesive tapes when
the antireflection film of the invention is mounted on an image
display device, because a sticker, a memo pad and the like
easily peels. The peel force is preferably 500 gf or less, more
preferably 300 gf or less, most preferably 100 gf or less. The
polymer has preferably a high surface hardness as measured
by a micro-hardness tester. The greater the surface hardness,
the hardly scratched is the surface. It is preferably 0.3 GPa or
greater, more preferably 0.5 GPa or greater.

[0218] Examples of the fluorine-containing polymers to be
used for the low refractive index layer include hydrolysates
and dehydration condensates of perfluoroalkyl-containing
silane compounds (such as (heptadecafluoro-1,1,2,2-tetrahy-
drodecy)triethoxysilane) and fluorine-containing copoly-
mers comprising a fluorine-containing monomer unit and a
crosslinking reactivity providing unit.

[0219] Specific examples of the fluorine-containing mono-
mer unit include fluoroolefins (such as fluoroethylene,
vinylidene fluoride, tetrafluoroethylene, perfluorooctylethyl-
ene, hexafluoropropylene, and perfluoro-2,2-dimethyl-1,3-
dioxole), partially or completely fluorinated alkyl ester
derivatives of (meth)acrylic acid (such as “Viscoat 6FM”
(trade name; product of Osaka Organic Chemical Industry)
and “M-2020” (trade name; product of Daikin Industries
Ltd.)), and completely or partially fluorinated vinyl ethers. Of
these, perfluoroolefins are preferred, with hexafluoropropy-
lene being especially preferred from the standpoints of refrac-
tive index, solubility, transparency and availability.

[0220] Examples of the crosslinking reactivity providing
unit include units available by the polymerization of a mono-
mer having, in the molecule thereof, a self-crosslinkable
functional group in advance such as glycidyl (meth)acrylate
and glycidyl vinyl ether, units available by the polymerization
of a monomer having a carboxyl group, hydroxyl group,
amino group, or sulfo group (such as (meth)acrylic acid,
methylol (meth)acrylate, hydroxyalkyl (meth)acrylate, allyl
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acrylate, hydroxyethyl vinyl ether, hydroxybutyl vinyl ether,
maleic acid or crotonic acid), and units available by introduc-
ing a crosslinking reactive group such as (meth)acryloyl
group to the above-described units by polymer reaction (for
example, introducing by acting acrylic acid chloride to a
hydroxy group).

[0221] Inaddition to the above-described fluorine-contain-
ing monomer units and crosslinking reactivity providing
units, monomers free of fluorine atom can be copolymerized
as needed from the viewpoints of solubility in a solvent and
transparency of a film. No particular limitation is imposed on
the monomer units usable in combination. Examples include
olefins (such as ethylene, propylene, isoprene, vinyl chloride
and vinylidene chloride), acrylates (such as methyl acrylate,
ethyl acrylate, and 2-ethylhexyl acrylate), methacrylates
(such as methyl methacrylate, ethyl methacrylate, butyl
methacrylate and ethylene glycol dimethacrylate), styrene
derivatives (such as styrene, divinylbenzene, vinyltoluene,
and a-methylstyrene), vinyl ethers (such as methyl vinyl
ether, ethyl vinyl ether and cyclohexyl vinyl ether), vinyl
esters (such as vinyl acetate, vinyl propionate and vinyl cin-
namate), acrylamides (such as N-tert-butylacrylamide and
N-cyclohexylacrylamide), methacrylamides, and acryloni-
trile derivatives.

[0222] Curing agents may be used as needed in combina-
tion with the above-described polymers as described in JP-A-
10-25388 and JP-A-10-147739.

<Light Scattering Layer>

[0223] The light scattering layer is formed for the purpose
of providing a light diffusion property making use of surface
scattering and/or subsurface scattering, and a hard coat prop-
erty to improve scratch resistance of the film. The light scat-
tering layer is therefore formed by containing a binder for
providing a hard coat property, mat particles for providing
light diffusion property and, if necessary, an inorganic filler
for increasing a refractive index, preventing shrinkage by
crosslinking, and increasing strength.

[0224] The light scattering layer has a thickness of prefer-
ably from 1 to 10 pm, more preferably from 1.2 to 6 um, from
the viewpoint of providing it with a hard coat property. Thick-
ness below the above-described range leads to an insufficient
hard coat property, while thickness exceeding the above-
described range deteriorates curling and brittleness, leading
to insufficient processing suitability.

[0225] The binder of the light scattering layer is preferably
a polymer having, as the main chain thereof, a saturated
hydrocarbon chain or a polyether chain, with the former one
being more preferred. The binder polymer preferably has a
crosslinked structure. As the binder polymers having, as the
main chain thereof, a saturated hydrocarbon chain, polymers
of'an ethylenically unsaturated monomer are preferred. As the
binder polymers having, as the main chain thereof, a saturated
hydrocarbon chain and also having a crosslinked structure,
(co)polymers of a monomer having two or more ethylenically
unsaturated groups are preferred. To obtain a binder polymer
having an increased refractive index, monomers having, in
the structure thereof, an aromatic ring or at least one atom
selected from halogen atoms other than fluorine, sulfur atom,
phosphorus atom, and nitrogen atom.

[0226] Examples of the monomer having two or more eth-
ylenically unsaturated groups include esters of a polyol and
(meth)acrylic acid (such as ethylene glycol di(meth)acrylate,
butanediol di(meth)acrylate, hexanediol di(meth)acrylate,
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1,4-cyclohexane diacrylate, pentaerythritol tetra(meth)acry-
late, pentaerythritol tri(meth)acrylate, trimethylolpropane tri
(meth)acrylate, trimethylolethane tri(meth)acrylate, dipen-
taerythritol tetra(meth)acrylate, dipentaerythritol penta
(meth)acrylate,  dipentaerythritol  hexa(meth)acrylate,
pentaerythritol hexa(meth)acrylate, 1,2,3-cyclohexane tetra
(meth)acrylate, polyurethane polyacrylate, and polyester
polyacrylate), the above-described ethylene oxide-modified
products, vinylbenzene and derivatives thereof (such as 1,4-
divinylbenzene, 2-acryloylethyl 4-vinylbenzoate, and 1,4-di-
vinylcyclohexanone), vinylsulfones (such as divinylsulfone),
acrylamides (such as methylenebisacrylamide), and meth-
acrylamide. These monomers may be used in combination of
two or more.

[0227] Specific examples of a high refractive index mono-
mer include bis(4-methacryloylthiophenyl)sulfide, vinyl-
naphthalene, vinyl phenyl sulfide, and methacryloxyphenyl-
4-methoxyphenylthioether. These monomers may also be
used in combination.

[0228] Polymerization of these monomers having an ethyl-
enically unsaturated group can be performed by exposure to
ionizing radiation or heating in the presence of a photoradical
polymerization initiator or a thermal radical polymerization
initiator.

[0229] Accordingly, an antireflection film can be formed by
preparing a coating solution containing a monomer having an
ethylenically unsaturated group, a photoradical polymeriza-
tioninitiator or a thermal radical polymerization initiator, mat
particles and an inorganic filler, applying the coating solution
onto a transparent support, and then curing it by the polymer-
ization reaction caused by exposure to ionizing radiation or
heating. As the photoradical polymerization initiator and the
like, known ones are usable.

[0230] As polymers having a polyether chain as the main
chain thereof, ring opening polymers of a polyfunctional
epoxy compound are preferred. Ring opening polymerization
of the polyfunctional epoxy compound can be effected by
exposure to ionizing radiation or by heating in the presence of
a photo-acid generator or a heat-acid generator.

[0231] An antireflection film can therefore be formed by
preparing a coating solution containing a polyfunctional
epoxy compound, a photo-acid generator or a heat-acid gen-
erator, mat particles and an inorganic filler, applying the coat-
ing solution onto a transparent support, and then curing it by
the polymerization reaction caused by ionizing radiation or
heating.

[0232] Instead of or in addition to the monomer having two
or more ethylenically unsaturated groups, a crosslinkable
functional group may be introduced into a polymer by using
amonomer having a crosslinkable functional group, whereby
a crosslinked structure may be introduced into a binder poly-
mer by the reaction of the crosslinkable functional group.

[0233] Examples of the crosslinkable functional groups
include isocyanate, epoxy, aziridine, oxazoline, aldehyde,
carbonyl, hydrazine, carboxyl, methylol and active methyl-
ene. Vinylsulfonic acid, acid anhydride, cyano acrylate
derivative, melamine, etherified methylol, ester and urethane,
and metal alkoxide such as tetramethoxysilane can also be
used as monomers for introducing a crosslinked structure. A
functional group showing a crosslinking property as a result
of decomposition reaction, such as a block isocyanate group,
can also be used as a crosslinkable functional group. In the
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invention, crosslinkable functional group does not necessar-
ily show reactivity but may show reactivity as a result of
decomposition.

[0234] These binder polymers having a crosslinkable func-
tional group can form a crosslinked structure by heating after
application.

[0235] For the purpose of imparting an anti-glare property,
mat particles having an average particle size of from 1 to 10
um, preferably from 1.5 to 7.0 um, which are greater than
filler particles, for example, particles of inorganic compounds
or resin particles, are contained in the light scattering layer.
[0236] Preferred specific examples of the mat particles
include particles of inorganic compounds such as silica par-
ticles and TiO particles, and resin particles such as acrylic
particles, crosslinked acrylic particles, polystyrene particles,
crosslinked styrene particles, melamine resin particles, and
benzoguanamine resin particles. Of these, crosslinked sty-
rene particles, crosslinked acrylic particles, crosslinked acr-
ylstyrene particles, and silica particles are preferred.

[0237] The mat particles in either the spherical or amor-
phous form can be used.

[0238] Further, two or more mat particles different in par-
ticle size may be used together. It is possible to give an
antiglare property by mat particles having a greater particle
size and give another optical property by mat particles having
a smaller particle size.

[0239] The particle size distribution of the mat particles is
most preferably monodispersion. The more uniform the par-
ticle sizes of all the particles, the better. Assuming that par-
ticles having particle sizes greater by at least 20% than the
average particle size are defined as coarse particles, the pro-
portion of the coarse particles is preferably 1% or less of the
number of all the particles, more preferably 0.1% or less, still
more preferably 0.01% or less. Mat particles having such
particle size distribution are available by classifying after
ordinary synthesis reaction. By increasing the classifying
frequency or raising the classifying degree, mat particles
having more preferred particle size distribution can be
obtained.

[0240] The mat particles are added to the light scattering
layer so that the amount contained therein is preferably from
10 to 1000 mg/m?, more preferably from 100 to 700 mg/m? in
terms of the amount after formation. The particle size distri-
bution of the mat particles is measured by the Coulter counter
technique and the particle size distribution thus measured is
converted into particle number distribution.

[0241] For increasing the refractive index of the light scat-
tering layer, an inorganic filler, as well as the above-described
mat particles, is preferably added thereto. The inorganic filler
comprises an oxide of at least one metal selected from tita-
nium, zirconium, aluminum, indium, zinc, tin and antimony,
and has an average particle size of 0.2 pm or less, preferably
0.1 um or less, more preferably 0.06 um or less.

[0242] In the light scattering layer containing high refrac-
tive index mat particles, on the other hand, silicon oxide for
maintaining the refractive index of the layer at a low level may
preferably be used in order to increase a difference in the
refractive index between the layer and the mat particles. The
preferred particle size is similar to that of the above-described
inorganic filler.

[0243] Specific examples of the inorganic filler for use in
the light scattering layer include TiO,, ZrO,, Al,O;, In,0O;,
Zn0, Sn0,, Sb,0;, ITO and SiO,. Of these, TiO, and ZrO,
are especially preferred for increasing a refractive index. The
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surface of the inorganic filler is preferably subjected to silane
coupling treatment or titanium coupling treatment. A surface
treatment agent imparting a functional group reactive with the
binder to the surface of the filler is preferred.

[0244] The inorganic filler is added in an amount of pref-
erably from 10 to 90%, more preferably from 20 to 80%,
especially preferably from 30 to 75% of the entire mass of the
light scattering layer.

[0245] Such a filler does not cause scattering because its
particle size is small enough compared with the wavelength
of a light and a dispersion of the filler in the binder polymer
behaves as an optically uniform substance.

[0246] A mixture, as a bulk, of the binder and inorganic
filler in the light scattering layer has a refractive index of
preferably from 1.48 to 2.00, more preferably from 1.50 to
1.80. The refractive index can be controlled to fall within the
above-described range only by selecting the kind or ratio of
the binder and the inorganic filler as needed. It can be selected
easily by tests made in advance.

[0247] For securing planar uniformity free of coating
unevenness, drying unevenness and point defects, the light
scattering layer contains a fluorine surfactant or silicone sur-
factant or both of them in a coating composition for forming
an antiglare layer. The fluorine surfactant is especially pre-
ferred because addition of it in a smaller amount is effective
for alleviating planar troubles such as coating unevenness,
drying unevenness and point defects of the antireflection film
ofthe invention. The object of the addition of the surfactant is
to increase productivity by making it suitable for high speed
application while increasing the planar uniformity.

(2) An Antireflection Layer Having a Transparent Protective
Film and a Medium Refractive Index Layer, High Refractive
Index Layer and Low Refractive Index Layer Stacked There-
over in the Order of Mention

[0248] An antireflectionlayer comprising a medium refrac-
tive index layer, high refractive index layer, and low refractive
index layer (outermost layer) stacked in the order of mention
over a base (which means a transparent protective film. The
term “base”, “base material” or “transparent support” as used
herein means a transparent protective film. The term “antire-
flection film” means a film having an antireflection layer on a
base) is designed to have a refractive index satisfying the
below-described relationship.

Refractive index of a high refractive index
layer>Refractive index of a middle refractive index
layer>Refractive index of a transparent
support>Refractive index of a low refractive index
layer.

[0249] A hard coat layer may be provided between a trans-
parent support and a middle refractive index layer. Further,
the antireflection layer may comprise a middle refractive
index hard coat layer, high refractive index layer, and low
refractive index layer.

[0250] Examples include JP-A-8-122504, JP-A-8-110401,
JP-A-10-300902, JP-A-2002-243906 and JP-A-2000-
111706. Each layer may have another function. An antifoul-
ing low refractive index layer and an antistatic high refractive
index layer (as described in JP-A-10-206603 and JP-A-2002-
243906) can be given as examples.

[0251] The antireflection layer has a haze of preferably 5%
or less, more preferably 3% or less. The film strength is
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preferably H or higher, more preferably 2H or higher, most
preferably 3H or higher, as a result of the pencil hardness test
according to JIS K5400.

<High Refractive Index Layer and Middle Refractive Index
Layer>

[0252] A layer of the antireflection film having a high
refractive index is made of a curable film containing at least
ultrafine particles of a high refractive index inorganic com-
pound having an average particle size of 100 nm or less and a
matrix binder.

[0253] The ultrafine particles of the high refractive index
inorganic compound are, for example, inorganic compounds
having a refractive index of 1.65 or greater, preferably 1.9 or
greater. Examples include oxides of Ti, Zn, Sb, Sn, Zr, Ce, Ta,
La and In, and compound oxides containing these metal
atoms.

[0254] Such superfine particles can be obtained by treating
the surfaces of the particles with a surface treating agent (for
example, with a silane coupling agent as disclosed in JP-A-
11-295503, JP-A-11-153703 and JP-A-2000-9908, with an
anionic compound or organic metal coupler as disclosed in
JP-A-2001-310432), by forming a core/shell structure with
high refractive index particles as the core (JP-A-2001-
166104), or by using a specific dispersant in combination (for
example, JP-A-11-153703, U.S. Pat. No. 6,210,858 and
JP-A-2002-2776069).

[0255] Examples of the material forming the matrix include
conventionally known thermoplastic resins and thermoset-
ting resins.

[0256] Further, at least one composition selected from
polyfunctional-compound-containing compositions having
at least two radical polymerizable groups and/or cationic
polymerizable groups, organic metal compounds having a
hydrolyzable group, and partial condensate compositions
thereof is preferred. Examples include the compositions
described in JP-A-2000-47004, JP-A-2001-315242, JP-A-
2001-31871 and JP-A-2001-296401.

[0257] Further, curable films available from colloidal metal
oxides available from hydrolysis condensates of a metal
alkoxide and a metal alkoxide composition are also preferred.
They are disclosed, for example, in JP-A-2001-293818.

[0258] The high refractive index layer usually has a refrac-
tive index of from 1.70to 2.20. It has a thickness of preferably
from 5 nm to 10 um, more preferably from 10 nm to 1 um.

[0259] The middle refractive index layer has a refractive
index adjusted to fall between that of a low refractive index
layer and that of the high refractive index layer. The middle
refractive index layer has a refractive index of preferably from
1.50t0 1.70 and a thickness of preferably from 5 nm to 10 um,
more preferably from 10 nm to 1 pm.

<Low Refractive Index Layer>

[0260] A low refractive index layer is stacked over the high
refractive index layer. The low refractive index layer has a
refractive index of from 1.20 to 1.55, preferably from 1.30 to
1.50.

[0261] The low refractive index layer is preferably formed
as the outermost layer having scratch resistance and an anti-
fouling property. Addition of a sliding property to its surface
is effective to improve the scratch resistance greatly. Conven-
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tionally known methods employed for the formation of a
thin-film layer such as introduction of silicon or fluorine can
be applied to it.

[0262] The fluorine-containing compound has a refractive
index of preferably from 1.35 to 1.50, more preferably from
1.36 to 1.47. The fluorine-containing compound preferably
contains a crosslinkable or polymerizable functional group
containing fluorine atoms in an amount of from 35 to 80 mass
%.

[0263] Examples include the compounds described in para-
graphs [0018] to [0026] of JP-A-9-222503, paragraphs
[0019] to [0030] of IP-A-11-38202, paragraphs [0027] and of
JP-A-2001-40284, and JP-A-2000-284102.

[0264] Silicone compounds preferably have a polysiloxane
structure; contain, in the high molecular chain thereof, a
curable functional group or a polymerizable functional
group; and have a crosslinked structure in the film. Examples
include reactive silicone (such as “Silaplane” trade name;
product of Chisso Corporation), and polysiloxane containing
silanol groups at both ends thereof (such as JP-A-11-258403).
[0265] The crosslinking reaction or polymerization reac-
tion of a fluorine-containing and/or siloxane polymer having
a crosslinkable group or a polymerizable group is performed
by exposure to light or heating simultaneously with or imme-
diately after a coating composition, for the formation of the
uppermost layer, containing a polymerization initiator and a
sensitizer is applied.

[0266] A sol-gel curable film which cures by the conden-
sation reaction of an organic metal compound such as a silane
coupler and a specific silane coupler containing fluorine and
a hydrocarbon group in the presence of a catalyst is also
preferred.

[0267] Examples include polyfluoroalkyl-containing
silane compounds or partially hydrolysis condensates thereof
(the compounds described in JP-A-58-142958, JP-A-58-
147483, JP-A-58-147484, JP-A-9-157582 and JP-A-11-
106704), and silyl compounds containing a poly(perfluoro-
alkyl ether) group which is a fluorine-containing long chain
group (the compounds described in JP-A-2000-117902,
JP-A-2001-48590 and JP-A-2002-53804).

[0268] The low refractive index layer may contain, in addi-
tion to the above-described additives, low refractive index
inorganic compounds having an average primary particle size
of from 1 to 150 nm such as fillers (for example, silicon
dioxide (silica), fluorine-containing particles (e.g., magne-
sium fluoride, calcium fluoride and barium fluoride), and
organic fine particles described in paragraphs from [0020] to
[0038] of JP-A-11-3820), silane coupling agents, lubricants
and surfactants.

[0269] When the low refractive index layer is formed as the
outermost lower layer, it may be formed by the gas phase
method (such as vacuum deposition, sputtering, ion plating or
plasma CVD). The method of application is preferred
because it enables the formation at a low cost.

[0270] The low refractive index layer has a thickness of
preferably from 30 to 200 nm, more preferably from 50 to 150
nm, most preferably from 60 to 120 nm.

(3) Layers Other than the Antireflection Layer

[0271] In addition, a hard coat layer, forward scattering
layer, primer layer, antistatic layer, undercoat layer and pro-
tective layer may be provided.

<Hard Coat Layer>

[0272] A hard coat layer is provided on the surface of the
transparent support for the purpose of giving physical
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strength to the transparent protective film having thereover
the antireflection layer. The hard coat layer is preferably
inserted between the transparent support and the high refrac-
tive index layer.

[0273] The hard coat layer is preferably formed by a
crosslinking reaction or a polymerization reaction of a photo-
and/or thermo-curable compound.

[0274] As the curable functional group, photo-polymeriz-
able functional groups are preferred, and as the organic metal
compound containing a hydrolyzable functional group,
organic alkoxysilyl compounds are preferred.

[0275] Specific examples of these compounds are similar to
those given in the description of the high refractive index
layer. Examples of the constituent composition of the hard
coat layer include compositions described in JP-A-2002-
144913, JP-A-2000-9908 and WO 00/46617.

[0276] The high refractive index layer can also serve as the
hard coat layer. In such a case, the hard coat layer can be
formed by adding finely dispersed particles to the hard coat
layer according to the method as described in the high refrac-
tive index layer.

[0277] The hard coat layer can also serve as an antiglare
layer (described later) having an antiglare function by con-
taining particles having an average particle size of from 0.2 to
10 pm.

[0278] The thickness of the hard coat layer can be designed
properly according to the using purpose. The hard coat layer
has a thickness of preferably from 0.2 to 10 pm, more pref-
erably from 0.5 to 7 pm.

[0279] Thehard coat layer has a strength of preferably H or
higher as a result of the pencil hardness test according to JIS
K5400, more preferably 2H or higher, and most preferably
3H or higher. In a Taber abrasion test according to JIS K5400,
the abrasion loss of a test piece before and after the test is
preferably as small as possible.

<Antistatic Layer>

[0280] When an antistatic layer is provided, a volume resis-
tivity of 1078 (Q cm™3) or less is preferably imparted thereto
as conductivity. The volume resistivity of 10~® (Q cm™) or
less can be imparted using a hygroscopic material, water-
soluble inorganic salt, certain surfactant, cationic polymer,
anionic polymer or colloidal silica. Since dependence on
temperature and humidity is large, sufficient conductivity
cannot be given at low humidity. Metal oxides are therefore
preferred as the material for the conductive layer. Some metal
oxides are stained, and stained metal oxides are not preferred
because they may stain the whole film. Examples of metals
capable of forming stain-free metal oxides include Zn, Ti, Al,
In, Si, Mg, Ba, MO, W and V. Use of metal oxides composed
mainly of them is preferred. Specific preferred examples
include ZnO, TiO,, Sn0O,, Al,O;, In,0;, SiO,, MgO, BaO,
MoO, V,0Oj, and compound oxides thereof. Of these, ZnO,
TiO, and SnO, are especially preferred. As metal oxides con-
taining another atom, ZnO added with Al or In, SnO, added
with Sb, Nb or halogen element, and TiO, added with Nb or
TA are effective. Furthermore, as described in JP-B-59-6235,
materials obtained by attaching the above metal oxide to other
crystalline metal particles or fibrous substances (such as tita-
nium oxide) may be used. Although a volume resistivity and
a surface resistivity are different physical values and they
cannot be compared easily, the surface resistivity of the con-
ductive layer is basically adjusted to 10-8 (Q/[) or less,
preferably 10-8 (Q/J) or less in order to secure a volume
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resistivity of 107® (Q cm™) or less as its conductivity. The
surface resistivity of the conductive layer must be measured
as a value at the time when the antistatic layer is disposed as
the outermost layer, and this value can be obtained during the
formation of the film stack as described in this specification.

[Liquid Crystal Display Device]

[0281] The liquid crystal display device of the invention is
characterized that it has a liquid crystal cell and two polariz-
ing plates placed on both sides thereof and at least one of the
polarizing plates is the polarizing plate of the invention.
[0282] The polarizing plate using the cellulose acylate film
of the invention can be used advantageously for the liquid
crystal display device. The polarizing plate of the invention
can be used for liquid cells of various display modes.
Examples of the display mode proposed now include TN
(Twisted Nematic), IPS (In-Plane Switching), FL.C (Ferro-
electric Liquid Crystal), AFLC (Anti-ferroelectric Liquid
Crystal), OCB (Optically Compensatory Bend), STN (Super
Twisted Nematic), VA (Vertically Aligned), and HAN (Hy-
brid Aligned Nematic). Of these modes, the polarizing plate
ofthe inventionis suited for use in an OCB mode or VA mode.
[0283] An OCB mode liquid crystal cell is a liquid crystal
display device using a liquid crystal cell of bend orientation
mode in which rod-like liquid crystal molecules are oriented
in substantially reverse directions (symmetrically) at the
upper and lower parts of the liquid crystal cell. The OCB
mode liquid cell is disclosed in U.S. Pat. Nos. 4,583,825 and
5,410,422. Since rod-like liquid crystal molecules are orien-
tated symmetrically at the upper and lower parts of the liquid
crystal cell, the liquid crystal cell of bend orientation mode
has a self optical compensation function. This liquid crystal
mode is therefore called OCB (Optically Compensatory
Bend) liquid crystal mode. The liquid crystal display device
of'abend orientation mode has an advantage of high response
speed.

[0284] In a VA mode liquid crystal cell, rod-like liquid
crystal molecules are substantially perpendicularly orien-
tated when no voltage is applied.

[0285] The VA mode liquid crystal cell includes (1) a VA
mode liquid crystal cell in a narrow sense in which rod-like
liquid crystal molecules are aligned substantially perpendicu-
larly when no voltage is applied and are oriented substantially
horizontally when voltage is applied (as described in JP-A-
2-176625), (2) a liquid crystal cell (of MVA mode) in which
the VA mode is modified to be multi-domain type so as to
enlarge the viewing angle (SID97, Digest of Tech. Papers
(Preprint), 28, 845 (1997)), (3) a liquid crystal cell of a mode
(n-ASM mode) in which rod-like liquid crystal molecules are
oriented substantially perpendicularly when voltage is not
applied and oriented in twisted multi-domain alignment
while voltage is applied (Reprint of Nippon Ekisho Toronkai
(Japan Liquid Crystal Symposium), 58-59 (1998)), and (4) a
liquid crystal cell of SURVIVAL mode (presented at LCD
International 98).

[0286] OCB mode and VA mode liquid crystal display
devices may have a liquid crystal cell and two polarizing
plates disposed on both sides thereof. The VA mode liquid
crystal display device may have a polarizing plate disposed
on the backlight side of the cell. The liquid crystal cell carries
liquid crystals between two electrode substrates.

[0287] The liquid crystal display device of the invention
will hereinafter be described referring to accompanying
drawings.
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[0288] FIG. 1 is a schematic view illustrating one exem-
plary example of the liquid crystal display device of the
invention; FIG. 2 is a schematic view illustrating another
exemplary example of the liquid crystal display device of the
invention; and FIG. 3 is a schematic view illustrating a further
exemplary example of the liquid crystal display device of the
invention.

[0289] The liquid crystal display device illustrated in FIG.
1is obtained by attaching an upper-side polarizing plate 30 to
one side of a VA mode liquid crystal cell 31 and a lower-side
polarizing plate 32 to the other side. These polarizing plates
30 and 32 are each obtained by attaching cellulose acylate
films 33 to both sides of a polarizer 34.

[0290] The liquid crystal display device 10 illustrated in
FIG. 2 is obtained by attaching a liquid-cell upper electrode
substrate 5 and a liquid-cell lower electrode substrate 8 to
both sides of a liquid crystal layer 7, thereby forming a liquid
crystal cell. An upper polarizing plate 1 and a lower polarizing
plate 12 are then attached to both sides of the liquid crystal
cell. The direction 2 of the absorption axis of the upper polar-
izing plate, the orientation controlling direction 6 of the upper
substrate, the orientation controlling direction 9 of the lower
substrate, and the direction 13 of the absorption axis of the
lower polarizing plate are each as illustrated in FIG. 2.
[0291] FIG. 3 is an application example of the polarizing
plate of the invention having an optically compensatory sheet
25 of the invention to a liquid crystal display device. The
polarizing plate has the optically compensatory sheet 25
stacked on the VA liquid crystal cell side of a polarizer 24 and
a protective film 26 on the side opposite thereto of the polar-
izer 24 and it is used while being placed on the backlight side.
In the example of FIG. 3, “HLC2-5618 (trade name; product
of SANRITZ CORPORATION) is used as a polarizing plate
27 onthe observer side (viewing side), but the polarizing plate
is not limited thereto.

EXAMPLES

[0292] The -characteristics of the invention will be
described more specifically by Examples and Comparative
Examples. It should however be borne in mind that the mate-
rials, using amounts and rates thereof, treatment details, and
processing procedures shown in the following Examples can
be changed as needed insofar as they do not depart from the
scope of the invention. The range of the invention is therefore
not construed as being limited by the specific examples set
forth herein.

Example 1
Preparation of Cellulose Acylate Film 101
<Preparation of Cellulose Acetate Solution>

[0293] A cellulose acetate solution 101 was prepared by
charging the following composition in a mixing tank and
dissolving the components by stirring.

(Composition of the Cellulose Acetate Solution 01)
[0294]

Cellulose acetate propionate
(acetylation degree: 1.91, propynylation degree:
0.80)

100.0 parts by mass
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-continued -continued
Triphenyl phosphate (plasticizer) 8.0 parts by mass Methylene chloride (first solvent) 67.2 parts by mass
Ethyl phthalyl ethyl glycolate (plasticizer) 2.0 parts by mass Ethanol (second solvent) 10.0 parts by mass
Ethylene chloride (first solvent) 402.0 parts by mass Cellulose acylate solution 01 12.8 parts by mass
Ethanol (second solvent) 60.0 parts by mass

<Preparation of a Matting Agent Solution 11>

[0295] A matting agent solution was prepared by charging
the following composition in a dispersing machine, and dis-
persing and mixing the components by stirring.

(Composition of Matting Agent Solution 11)
[0296]

Silica particles having an average particle 2.0 parts by mass
size of 20 nm (“AEROSIL R9727”, trade name;
product of Nippon Aerosil)

Methylene chloride (first solvent) 75.0 parts by mass
Ethanol (second solvent) 12.7 parts by mass
Cellulose acylate solution 01 10.3 parts by mass

<Preparation of Ultraviolet Absorber Solution 21>

[0297] An ultraviolet absorber solution was prepared by
charging the following composition in a mixing tank, and
stirring under heat to dissolve the components.

(Composition of Ultraviolet Absorber Solution 21)
[0298]

[0299] After filtration of each of 1.3 parts by mass of the
matting agent solution and 1.7 parts by mass of the ultraviolet
absorber solution, they were mixed in an in-line mixer. To the
resulting mixture was added 97.0 parts by mass of the cellu-
lose acylate solution, followed by mixing in the in-line mixer.
The resulting mixture was cast using a band casting machine
and dried at 100° C. until a residual solvent content decreased
t0 30%. The film was then peeled off and stretched at a stretch
ratio of 20% in a longitudinal direction and 60% in a width
direction at an atmospheric temperature of 140° C. The film
was then retained for 30 seconds at 140° C. The residual
solvent content when the stretching was started was 25%.
After a clip was removed, the film was dried at 30° C. for 40
minutes, whereby a cellulose acylate film 101 was prepared.
The cellulose acylate film 101 thus obtained had a residual
solvent content of 0.1% and film thickness of 50 pm.

Examples 2 to 8
Preparation of Cellulose Acylate Films 102 to 108

[0300] In a similar manner to that employed for the prepa-
ration of the cellulose acylate film 101 except that the kind of
the cellulose acylate, kind/amount of the plasticizer, kind/
amount of the ultraviolet absorber and stretch ratio were
changed as shown in Table 1, cellulose acylate films 102 to
108 were prepared.

Comparative Examples 1 to 4

Preparation of Cellulose Acylate Films 201 to 204

[0301] In a similar manner to that employed for the prepa-
ration of the cellulose acylate film 101 except that the kind of
the cellulose acylate, kind/amount of the plasticizer, kind/
amount of the ultraviolet absorber and stretch ratio were

TINUVIN 171 10.0 parts by mass )
TINUVIN 109 10.0 parts by mass changed as shown in Table 1, cellulose acylate films 201 to
204 of Comparative Examples were prepared.
TABLE 1
Total degree of substitution Degree of 6-substitution of Molecular weight of
of cellulose acylate cellulose acylate cellulose acylate Plasticizer
Film (DS2 + DS3 + DS6) DS6/(DS2 + DS3 + DS6) Mw/ 1 Plasticizer 2

No.  Acetyl Propionyl Benzoyl Acetyl

Propionyl Benzoyl Mn Mw Mn Kind Amt® Kind Amt?

101 1.91 0.80 0.00 0.33
102 1.88 0.83 0.00 0.27
103 2.19 0.00 0.46 0.29
104 2.39 0.0 037 0.28
105 1.68 1.00 0.00 0.33
106 1.68 1.00 0.00 0.31
107 2.19 0.00 0.46 0.29
108 2.19 0.00 0.46 0.29
201 1.91 0.80 0.00 0.33
202 191 0.80 0.00 0.33
203 191 0.80 0.00 0.33
204 2.88 0.0 0.0 0.33

0.34 — 80000 240000 3.0 TPP® 80 EPEG® 2.0
0.48 — 80000 240000 3.0 TPP 9.0 EPEG 2.0
— 0.78 75000 255000 3.4 TPP 7.0 BDP® 3.5
— 0.86 85000 212500 2.5 TPP 9.0 BDP 2.0
0.34 — 70000 168000 2.4 TPP 9.0 BDP 2.0
0.4 — 70000 168000 2.4 TPP 9.0 BDP 2.0
— 0.78 75000 255000 3.4 TPP 7.0 BDP 3.5
— 0.78 75000 255000 3.4 TPP 7.0 BDP 35
0.34 — 80000 240000 3.0 TPP 8.0 EPEG 2.0
0.34 — 80000 240000 3.0 TPP 8.0 EPEG 2.0
0.34 — 85000 255000 3.0 TPP 9.0 BDP 2.0

— — 85000 212500 2.5 TPP 9.0 BDP 2.0
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TABLE 1-continued

Ultraviolet absorber 1 Ultraviolet absorber 2 Stretch ratio Film
Film Melting Melting Width  Longitudinal thickness
No. Kind point  Amt® Kind point  Amt® direction direction (um)  Note
101  TINUVIN 171 =25° 1.0 TINUVIN 109 =25° 1.0 60 20 50 Invention
102  TINUVIN 171 =25° 2.0 TINUVIN 109 =25° 2.0 65 25 45 Invention
103 TINUVIN 171 =25° 0.5 TINUVIN 109 =25° 1.2 65 10 42 Invention
104 TINUVIN 171 =25° 0.5 TINUVIN 109 =25° 1.2 80 20 42 Invention
105 TINUVIN 171 =25° 0.5 TINUVIN 109 =25° 1.2 80 20 62 Invention
106 TINUVIN 171 =25° 0.5 TINUVIN 109 =25° 1.2 80 20 62 Invention
107 TINUVIN 171 =25° 0.5 TINUVIN 109 =25° 1.2 50 30 66 Invention
108 TINUVIN 171 =25° 0.5 TINUVIN 109 =25° 1.2 65 10 67 Invention
201 TINUVIN 171 =25° 1.0 TINUVIN 109 =25° 1.0 30 0 75 Comp.
202 TINUVIN 326 =30° 3.0 TINUVIN 109 =25° 1.0 30 0 78 Comp.
203 TINUVIN 326 =30° 3.0 TINUVIN 109 =25° 1.0 30 0 50 Comp.
204 TINUVIN 171 =25° 0.5 TINUVIN 109 =25° 1.2 25 0 92 Comp.

OTPP: triphenyl phosphate,

YEPEG: ethyl phthalyl ethyl glycolate,
©BDP: biphenyl diphenyl phosphate,
Dmass % relative to cellulose acylate

[Measurement of Retardation]

[0302] The Re retardation and Rth retardation, at 446 nm,
548 nm and 629 nm, of the cellulose acylate films thus pre-
pared were measured using “KOBRA WR” (trade name;
product of Oji Scientific Instruments).

[Measurement of Haze]

[0303] The haze of a 40 mmx80 mm film sample was
measured at 25° C. and 60% RH by using a haze meter
(“HGM-2DP”, trade name; product of Suga Test Instru-

[Measurement of Orientation Degree of Cellulose Molecular
Chain]

[0304] X-ray was generated at 40 kV-36 mA by “RINT
RAPID” (trade name; product of Rigaku Corporation) while
using a Cu tube as an X-ray source. The beam size of a
collimator was 0.8 mm and a film sample was fixed to a
transmission sample stand. Exposure time was adjusted to
600 seconds. The degree Po of in-plane orientation of the film
and degree Pth of orientation in a film thickness direction
were thus measured.

ments). [0305] The results are shown in Table 2.
TABLE 2
Re (nm) Rth
Film Re(446)/  Re(629)/ Re(446)/  Re(629)/
No. Re(446) Re(548) Re(629) Re(548) Re(548) Rth(446) Rth(548) Rth(629) Re(548)  Re(548)
101 38 43 46 0.88 1.07 113 123 129 0.92 1.05
102 35 40 44 0.88 1.10 117 130 138 0.90 1.06
103 36 A4 50 0.82 1.14 104 117 126 0.89 1.08
104 36 48 56 0.75 1.17 115 135 148 0.85 1.10
105 39 53 62 0.74 1.17 104 124 136 0.84 1.10
106 42 58 69 0.72 1.19 107 129 143 0.83 1.11
107 33 38 42 0.87 1.11 156 172 181 091 1.05
108 51 57 62 0.89 1.08 150 158 166 0.95 1.05
201 37 39 40 0.95 1.03 116 122 126 0.95 1.03
202 41 42 42 0.98 1.00 120 122 123 0.98 1.01
203 21 22 34 0.95 1.05 72 77 80 0.94 1.04
204 4 5 6 0.80 1.20 48 52 53 0.92 1.02
Orientation degree of cellulose acylate molecular chain
Average Po of (Po of the film surface)/

Film Po of the film the entire film (Average Po of the entire

No. Haze surface thickness film thickness) Pth Note

101 0.6 0.043 0.04 1.2 0.13 Invention

102 0.5 0.045 0.04 1.1 0.15 Invention

103 0.5 0.06 0.05 1.1 0.13 Invention

104 0.4 0.066 0.06 1.1 0.16 Invention

105 0.4 0.062 0.05 1.3 0.16 Invention

106 0.6 0.062 0.05 1.3 0.16 Invention

107 0.7 0.030 0.02 1.3 0.15 Invention

108 0.7 0.052 0.04 1.4 0.11 Invention

201 1.3 0.037 0.02 1.5 0.10  Comp.
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TABLE 2-continued
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202 1.1 0.038 0.03 1.5 0.11  Comp.
203 0.6 0.044 0.04 1.2 0.13  Comp.
204 0.7 0.03 0.02 1.5 0.11  Comp.
[0306] The results of Table 2 have revealed that in the cellulose acylate films 201 to 204, polarizing plates 201 to

invention, the Re and Rth both tend to increase at a longer
wavelength and desired cellulose acylate films having a low
haze can be obtained.

Example 9
Preparation of Polarizing Plate 101
(Saponification Treatment of Cellulose Acylate Film)

[0307] The cellulose acylate film 101 prepared in Example
1 was dipped in a 1.3 mol/LL aqueous sodium hydroxide
solution at 55° C. for 2 minutes, washed in a water washing
tank of room temperature, neutralized with 0.05 mol/L. of
sulfuric acid at 30° C., washed again in a water washing tank
of room temperature, and then dried with hot air of 100° C.
The surface of the cellulose acylate film 101 was saponified in
the above-described manner and provided for the below-
described preparation of a polarizing plate sample.

[0308] A commercially available cellulose triacetate film
(“Fujitack TD8OUF”, trade name; product of Fuji Photo
Film) was saponified under similar conditions and provided
for the below-described preparation of the polarizing plate
sample.

(Preparation of Polarizer)

[0309] Iodine was adsorbed to a stretched polyvinyl alco-
hol film to prepare a polarizer. An optically compensatory
sheet made of the cellulose acylate film 101, which had been
subjected to the above-described saponification treatment,
was adhered as a transparent protective film to one side of the
polarizer. They were disposed so that the transmission axis of
the polarizer and slow axis of the cellulose acylate film
became parallel to each other.

[0310] The cellulose triacetate film subjected to the above-
described saponification treatment was adhered to the oppo-
site side of the polarizer with a polyvinyl alcohol adhesive,
whereby a polarizing plate 101 was prepared.

Example 10
Preparation of Polarizing Plates 102 to 108
[0311] In a similar manner to that employed for the prepa-
ration of the polarizing plate 101 except for the use of the

cellulose acylate films 102 to 108, polarizing plates 102 to
108 were prepared, respectively.

Comparative Example 5
Preparation of Polarizing Plates 201 to 204

[0312] In a similar manner to that employed for the prepa-
ration of the polarizing plate 101 except for the use of the

204 were prepared, respectively.

Example 11

Preparation of VA Liquid Crystal Display Device
and Evaluation 1

(Preparation of Liquid Crystal Cell)

[0313] To 100 parts by mass of a 3 mass % aqueous poly-
vinyl alcohol solution was added 1 part by mass of octade-
cyldimethylammonium chloride (coupler). The resulting
mixture was spin coated onto a glass substrate equipped with
an ITO electrode, followed by heat treatment at 160° C. By
the rubbing treatment, an orientation film for vertical align-
ment was prepared. The two glass substrates were rubbed in
directions opposite to each other. These two glass substrates
were faced to form a cell gap (d) of 5 um. A liquid crystal
compound (An: 0.08) composed mainly of ester and ethane
liquid crystal molecules was injected into the cell gap to
prepare a liquid crystal cell of a vertical alignment mode. The
product of An and d was 410 nm.

[0314] The polarizing plate 101 was adhered onto each
surface of the liquid crystal cell of a vertical alignment mode,
whereby the liquid crystal display device 101 was prepared.
[0315] In a similar manner to that employed for the prepa-
ration of the liquid crystal display device 101 except for the
use of the polarizing plates 201 and 203 of Comparative
Examples, liquid crystal display devices 201 and 203 were
prepared, respectively.

(Shift in Viewing Angle of Tint)

[0316] A tint shift of each of the resulting liquid crystal
display devices (101), (201) and (203) between a direction
angle of 0° and a direction angle of 80° was measured at a
polar angle of 60° by “Ezcontrast” (trade name; product or
ELDIM) and a front contrast and absolute values Ax and Ay of
a tint shift on an Xy chromaticity diagram were determined.
As a result, the liquid crystal display device (101) of the
invention was preferred because it had a high front contrast
and had a small tint shift between two viewing angles, while
the liquid crystal display device (201) had a low front contrast
and the liquid crystal display device (203) had a small color
shift between two viewing angles.

Example 12

Preparation of a Polarizing Plate having an Optically
Compensatory Function

[0317] (1) Preparation of an Optically Compensatory Sheet
having an Optically Anisotropic Layer

(Saponification Treatment B of Cellulose Acylate Film)

[0318] A saponification solution having the below-de-
scribed composition was applied in an amount of 5.2 mL/m?>
to the cellulose acylate film 107 prepared in Example 2,
followed by drying at 60° C. for 10 seconds. The film surface
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was washed for 10 seconds with running water and was dried
by blowing air of 25° C. thereto.

(Composition of Saponification Solution)

[0319]

Isopropyl! alcohol 818 parts by mass
Water 167 parts by mass
Propylene glycol 187 parts by mass
“EMALEX” (trade name; product 10 parts by mass
of Nippon Emulsion)

Potassium hydroxide 67 parts by mass

(Formation of Orientation Film)

[0320] A coating solution (24 mL/m?) having the below-
described composition was applied by a wire bar coater #14 to
the cellulose acylate film 107 which had been subjected to
saponification treatment. The resulting film was dried at a hot
wind of 60° C. for 60 seconds and then a hot wind of 90° C.
for 150 seconds.

[0321] Rubbing treatment was then given to the film thus
formed in a direction of 45° against a stretching direction
(substantially equal to a slow axis) of the cellulose acylate
film 107.

(Composition of the Orientation Film Coating Solution)

[0322]

(Composition of the orientation film coating solution)

Modified polyvinyl alcohol having the 20 parts by mass
below-described structure

Water 360 parts by mass
Methanol 120 parts by mass

Glutaraldehyde (crosslinking agent)

~<CH2—?H>7 ACCHZ—?H4>’ ~<CH2—?H4>»
OH/ . O—ﬁ—NH - O—ﬁ—CHg A
0 \ o)

1.0 parts by mass

I
O—C—C=CH,
[
(6]
Modified polyvinyl alcohol

(Formation of Optically Anisotropic Layer)

[0323] A coating solution (5.2 mL/m?) obtained by dissolv-
ing, in 214.2 parts by mass of methy] ethyl ketone, 91 parts by
mass of a discotic compound having the below-described
structure, 9 parts by mass of ethylene-oxide-modified trim-
ethylolpropane triacrylate (“V#360”, trade name; product of
Osaka Organic Chemical), 1.5 parts by mass of cellulose
acetate butyrate (“CAB 531-1” trade name; product of East-
man Chemical), 3 parts by mass of an optical polymerization
initiator (“Irgacure 9077, trade name; product of Ciba Geigy)
and 1 part by mass of a sensitizer (“Kayacure DETX”, trade
name; product of Nippon Kayaku) was applied to the orien-
tation film by a wire bar coater #3. The resulting film was
adhered to a metal frame and heated for 2 minutes in a ther-
mostatic bath of 130° C. to orient the discotic compound. The
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resulting discotic compound was then polymerized by expo-
sure to UV rays for 1 minute at 90° C. by using a 120 W/cm
high-pressure mercury lamp and then, was allowed to cool
down to room temperature. An optically anisotropic layer was
thus formed and an optically compensatory sheet 107 was
obtained.

R R

R R

Discotic compound
(0]
I x
R= —o—ﬁ O— CH,CH,CH,CH,—0— C—C==CH,
o}

(Saponification Treatment of the Optically Compensatory
Sheet)

[0324] In asimilar manner to that employed for the above-
described saponification treatment B of the cellulose acylate
film, the surface of the optically compensatory sheet 107 on
the cellulose acylate film side, which was opposite to the
optically anisotropic layer formed side, was subjected to
saponification treatment.

(2) Preparation of Polarizing Plate
(Preparation of Polarizer)

[0325] Iodine was adsorbed to a stretched polyvinyl alco-
hol film to prepare a polarizer. The surface of the optically
compensatory sheet 107 on the side of the cellulose acylate
film 107 was adhered to one side of the polarizer with a
polyvinyl alcohol adhesive so that the slow axis of the cellu-
lose acylate film 107 and the transmission axis of the polarizer
became parallel to each other.

[0326] A commercially available cellulose triacetate film
(“Fujitack TD8OUF2”, trade name; product of Fuji Photo
Film) was subjected to similar saponification treatment to that
employed in Example 6 and the resulting film was adhered to
the other side (side onto which the optically compensatory
sheet had not been adhered) of the polarizer with a polyvinyl
alcohol adhesive. In such a manner, an elliptical polarizing
plate 107-2 was prepared.

Example 13
Preparation of Liquid Crystal Display Device
[Preparation of Bend Alignment Liquid Crystal Cell]

[0327] A polyimide film was disposed as an orientation
film on each of two glass substrates equipped with an ITO
electrode and rubbing treatment was given to the orientation
film. The resulting two glass plates were faced to each other
so that rubbing directions of the films were parallel to each
other. A cell gap was set at 5.7 um. Into the cell gap, a liquid
crystal compound (“ZLI 11327, trade name; product of
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Merck) having a An of 0.1396 was injected, whereby a bend
alignment liquid crystal cell was prepared.

(Preparation of Liquid Crystal Display Device)

[0328] Two elliptical polarizing plates 107-2 were adhered
to each other with the bend alignment cell sandwiched ther-
ebetween. They were placed so that the optically anisotropic
layer ofthe polarizing plate was faced to the cell substrate and
the rubbing direction of the liquid cell and the rubbing direc-
tion of the optically anisotropic layer facing thereto were
antiparallel to each other.

[0329] It has been found that the liquid crystal display
device using the polarizing plate of the invention had a high
contrast and provided a desired image.

INDUSTRIAL APPLICABILITY

[0330] The present invention provides a cellulose acylate
film which has a low haze, is excellent in wavelength disper-
sion characteristics of retardation and can be collected and
recycled; and an optically compensatory sheet using the film.
[0331] The protective film of a polarizing plate is usually
made of a cellulose acylate film. Use of the film of the inven-
tion as a protective film for one side of the polarizing plate can
add an optically compensatory function to the polarizing
plate without increasing the number of constituents of the
polarizing plate.

[0332] The optically compensatory sheet of the invention
and a polarizing plate using the optically compensatory sheet
of the present invention as a protective film can be used
particularly advantageously for liquid crystal display devices
of a VA mode and an OCB mode.

[0333] 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 cellulose acylate film, which has an in-plane retarda-
tion (Re) and a retardation in a thickness direction (Rth)
satisfying relations of equations (1) to (6) and has a thickness
of 30 um or greater but less than 70 pm:

20 nm<Re(548)<100 nm 1)
100 nm<Rth(548)<400 nm (2)
0.5=Re(446)/Re(548)=0.90 (3)
1.05=Re(629)/Re(548)=<1.50 )
0.5=Rth(446)/Rth(548)=0.95 5)
1.05=Rth(629)/Rth(548)=1.50 (6).

2. The cellulose acylate film according to claim 1, which
has a haze of from 0.1 or greater but not greater than 0.8.

3. The cellulose acylate film according to claim 1,

wherein assuming that a degree of in-plane orientation of a
cellulose acylate molecular chain of an entire film thick-
ness is Po and a degree of orientation of a cellulose
acylate molecular chain in a thickness direction of the
film is Pth, the Po and Pth satisfy relations of equations
(7) and (8):

0.040=P0=0.10 %)

0.12=Pth=0.40 (8).
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4. The cellulose acylate film according to claim 3,
wherein a degree Po of in-plane orientation of a cellulose
acylate molecular chain of a film surface and the degree
Po of in-plane orientation of the cellulose acylate
molecular chain of the entire film thickness satisfy rela-
tion of equation (9):
1=[(Po of the film surface)/(Po of the entire film
thickness)] =1.5 ©).

5. The cellulose acylate film according to claim 1, which is
obtained by stretching, at a stretch ratio of 1% or greater but
not greater than 100%, a film containing a cellulose acylate
having an acylation degree of 2.50 or greater but not greater
than 2.90 in at least one of a traveling direction of the film and
a direction perpendicular thereto.

6. The cellulose acylate film according to claim 1,

wherein a cellulose acylate of the cellulose acylate film

contains two or more acyl groups different in the number
of carbon atoms, and assuming that an acyl group having
the smallest number of carbon atoms is called Acyl
group A and an acyl group having the largest number of
carbon atoms is called Acyl group B, degrees of substi-
tution of A and B satisfy relations of equations (10) and
(11):

0.1=(degree of substitution of Acyl group 4)=2.40 (10)

0.1=(degree of substitution of Acyl group B)=1.50 (11).

7. The cellulose acylate film according to claim 6,

wherein Acyl group B contains an aromatic structure.

8. The cellulose acylate film according to claim 1, which
comprises a plurality of ultraviolet absorbers each having an
absorption maximum within a wavelength range of from 250
nm or greater but not greater than 380 nm,

wherein the plurality of ultraviolet absorbers contain at

least one ultraviolet absorber having a melting point of
25° C. or less, and

a percentage of an amount of the at least one ultraviolet

absorber having a melting point of 25° C. or less is 80
mass % or greater but not greater than 100 mass % based
on a total amount of the plurality of ultraviolet absorb-
ers.

9. An optically compensatory sheet, which comprises a
cellulose acylate film according to claim 1.

10. The optically compensatory sheet according to claim 9,
which further comprises an optically anisotropic layer on the
cellulose acylate film.

11. A polarizing plate, which comprises:

a polarization film; and

two transparent protective films located on both sides of the

polarization film,

wherein at least one of the two transparent protective films

is an optically compensatory sheet according to claim 9.

12. A liquid crystal display device, which comprises:

a liquid crystal cell; and

two polarizing plates located on both sides of the liquid

crystal cell,

wherein at least one of the two polarizing plates is a polar-

izing plate according to claim 11.

13. The liquid crystal display device according to claim 12,

wherein a display mode of the liquid crystal display device

is a VA mode.

14. The liquid crystal display device according to claim 12,

wherein a display mode of the liquid crystal display device

is an OCB mode.
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