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CELLULOSE ACYLATE LAMINATE FILM,
METHOD FOR PRODUCING CELLULOSE
ACYLATE LAMINATE FILM, POLARIZER
AND LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thepresentapplication claims the benefit of priority
from Japanese Patent Application No. 2009-109948, filed on
Apr. 28, 2009, Japanese Patent Application No. 2009-
247638, filed on Oct. 28, 2009, and Japanese Patent Applica-
tion No. 2010-089211, filed on Apr. 8, 2010, the contents of
which are herein incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to a cellulose acylate
laminate film and a method for producing a cellulose acylate
laminate film, and to a polarizer and a liquid crystal display
device.

[0004] 2. Description of the Related Art

[0005] In recent years, TV application of liquid crystal
display devices is being more popular, and with TV screens
getting larger, quality enhancement and cost reduction of
display devices are much required. In particular, VA-mode
liquid crystal display devices have high contrast and their
production yield is relatively high, and therefore, they are the
most popular for liquid crystal display devices for TV use.

[0006] However, VA-mode liquid crystal display devices
have a problem in that, at the time of black level of display, the
VA-mode liquid crystal display devices could exhibit almost
complete black images in the normal direction of the display
panel, but when the black-level panel is observed in oblique
directions thereof, then there occurs light leakage that makes
background black expression impossible, and therefore the
viewing angle is narrowed. Accordingly, in recent years, a
liquid crystal display device having a high contrast and hav-
ing further improved viewing angle characteristics is desired.

[0007] For solving the problem of viewing angle character-
istics, for example, there is proposed a method of reducing the
light leakage in observation of a liquid crystal display device
in oblique directions at the time of black level of display, by
incorporating therein a combination of a first retardation film
having a positive monoaxial refractive anisotropy and a sec-
ondretardation film having a negative refractive anisotropy of
which the thickness-direction refractive index is fully smaller
than the in-plane refractive index thereof (for example, Japa-
nese Patent 3027805).

[0008] However, the method described in Japanese Patent
3027805 could reduce the light leakage only within a specific
wavelength range (for example, green light at around 550
nm), in which, therefore, there still occurs light leakage in the
other wavelength region where the wavelength dispersion
characteristics of the retardation film and the wavelength
dispersion characteristics of the liquid crystal cell are incom-
patible with each other (for example, blue light at around 450
nm, and red light at around 650 nm). Accordingly, when the
liquid crystal display device described in Japanese Patent
3027805 is observed in oblique directions at the time of black
level of display, then the panel is colored in blue and red,
therefore bringing about a problem of color shift. Therefore,
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the method described in Japanese Patent 3027805 is not still
satisfactory from the viewpoint of solving the problem of
viewing angle characteristics.

[0009] As a method of solving the problem of color shift in
observation of liquid crystal display devices in oblique direc-
tions at the time of black level of display, it is investigated to
improve the wavelength dispersion characteristics of the film
for use in the retardation film in order that the wavelength
dispersion characteristics of the retardation film could be
compatible with the wavelength dispersion characteristics of
the liquid crystal cell. As a method of improving the wave-
length dispersion characteristics of the retardation plate, dis-
closed is a method of stretching a film of a cellulose acetate
having a specific degree of acetylation to give a cellulose
acetate film of which the birefringence is larger at a longer
wavelength (see Japanese Patent 3459779).

[0010] Useofthe film of which the birefringence is larger at
a longer wavelength described in Japanese Patent 3459779
could solve the problem of color shift in some degree; how-
ever, the film could control only the wavelength dispersion
characteristics of retardation but rather brings about another
problem of haze increase. When a film having a problem of
high haze is incorporated in a liquid crystal display device,
then the contrast ratio of the image to be displayed lowers, and
therefore, the problem to satisfy the two requirements of high
contrast and improved viewing angle characteristics is not
still solved.

[0011] On the other hand, JP-A 2003-33998 and JP-A
8-207210 disclose a cellulose ester laminate film having a
specific laminate structure and having a reduced haze. In
these references, in addition to the haze of the film, the other
characteristics such as the moisture permeability and the
dimensional stability thereof are investigated; however, the
wavelength dispersion characteristics of retardation of the
film are not investigated at all.

SUMMARY OF THE INVENTION

[0012] The present invention has been made in consider-
ation of the above situation, and its object is to provide a
cellulose acylate laminate film having a low haze and having
improved wavelength dispersion characteristics of retarda-
tion, and a method for producing it. Another object of the
invention is to provide a polarizer and a liquid crystal display
device comprising the film.

[0013] The present inventors have assiduously studied for
the purpose of solving the above-mentioned problems and, as
a result, have found that a cellulose acylate laminate film
having a low haze and having improved wavelength disper-
sion characteristics of retardation can be obtained by stretch-
ing a laminate film that comprises a low-substitution layer
containing a low-substitution cellulose acylate, of which the
degree of acyl substitution falls within a specific range, and a
specific compound, and a high-substitution layer containing a
cellulose acylate of which the degree of acyl substitution is
higher than that of the cellulose acylate in the low-substitu-
tion layer. Specifically, the above-mentioned problems can be
solved by the following measures.

[1] A cellulose acylate laminate film, which comprises:

[0014] a low-substitution layer comprising a non-phos-
phate compound and a cellulose acylate that satisfies the
following formula (1) :

2.0<Z1<2.7 a)
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wherein Z1 means the total degree of acyl substitution of the
cellulose acylate of the low-substitution layer, and

[0015] ahigh-substitutionlayer comprising a cellulose acy-
late that satisfies the following formula (2):

2772, @

wherein 72 means the total degree of acyl substitution of the
cellulose acylate of the high-substitution layer, and

[0016] wherein:

[0017] the high-substitution layer is laminated on at least
one face of the low-substitution layer, and

[0018] the in-plane retardation of the film at a wavelength
of 550 nm, Re(550), is the same as or larger than the in-plane
retardation of the film at a wavelength of 440 nm, Re(440).
[2] The cellulose acylate laminate film of [1], wherein the
in-plane retardation of the film at a wavelength of 550 nm,
Re(550), is larger than the in-plane retardation of the film at a
wavelength of 440 nm, Re(440).

[3] The cellulose acylate laminate film of [1] or [2], wherein
the high-substitution layer comprises a non-phosphate com-
pound as an additive and the proportion (part by mass) of the
additive to the cellulose acylate in the high-substitution layer
is smaller than the proportion (part by mass) of the additive to
the cellulose acylate in the low-substitution layer.

[4] The cellulose acylate laminate film of any one of [1] to [3],
wherein the non-phosphate compound is a non-phosphate
ester compound.

[5] The cellulose acylate laminate film of any one of [ 1] to [3],
wherein the non-phosphate compound is a polyester com-
pound having an aromatic ring.

[6] The cellulose acylate laminate film of any one of [1] to [ 5],
wherein the in-plane retardation of the film at a wavelength of
590 nm, Re, satisfies 25 nm=IRE|=100 nm and the thick-
ness-direction retardation of the film at a wavelength of 590
nm, Rth, satisfies 50 nm=|Rth|=300 nm.

[7] The cellulose acylate laminate film of any one of [1] to [6],
wherein the thickness-direction retardation of the film at a
wavelength of 550 nm, Rth(550), is the same as or larger than
the thickness-direction retardation of the film at a wavelength
of 440 nm, Rth(440).

[8] The cellulose acylate laminate film of any one of [1]to [ 7],
wherein the thickness-direction retardation of the film at a
wavelength of 550 nm, Rth(550), is larger than the thickness-
direction retardation of the film at a wavelength of 440 nm,
Rth(440).

[9] The cellulose acylate laminate film of any one of [1] to [ 8],
of which the internal haze is at most 0.2%.

[10] The cellulose acylate laminate film of any one of [1] to
[9], wherein the low-substitution layer comprises at least one
retardation enhancet.

[11] The cellulose acylate laminate film of any one of [1] to
[10], wherein the discotic compound as the retardation
enhancer is in an amount of less than 3 parts by mass relative
to 100 parts by mass of the cellulose acylate.

[12] The cellulose acylate laminate film of any one of [1] to
[11], wherein the cellulose acylate of the low-substitution
layer satisfies the following formulae (3) and (4):

1.0<X1<2.7, (3)
0=Y1<1.5, @)
X1+¥1=21 )

wherein X1 means the degree of acetyl substitution of the
cellulose acylate of the low-substitution layer,
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Y1 means the total degree of substitution with acyl having at
least 3 carbon atoms of the cellulose acylate of the low-
substitution layer, and

71 means the total degree of acyl substitution of the cellulose
acylate of the low-substitution layer.

[13] The cellulose acylate laminate film of any one of [1] to
[12], wherein the cellulose acylate of the high-substitution
layer satisfies the following formulae (5) and (6):

1.2<X2<3.0, 5)
0=Y2<1.5, (6)
X+¥2=22 (6)

wherein X2 means the degree of acetyl substitution of the
cellulose acylate of the high-substitution layer, Y2 means the
total degree of substitution with acyl having at least 3 carbon
atoms of the cellulose acylate of the high-substitution layer,
and 2 means the total degree of acyl substitution of the cel-
lulose acylate of the high-substitution layer.

[14] The cellulose acylate laminate film of any one of [1] to
[13], wherein both faces of the low-substitution layer have the
high-substitution layer in which the compositions of the high-
substitution layers may be the same or different.

[15] The cellulose acylate laminate film of any one of [1] to
[14], wherein the acyl group in the cellulose acylate has from
2 to 4 carbon atoms.

[16] The cellulose acylate laminate film of any one of [1] to
[15], wherein the cellulose acylate is cellulose acetate.

[17] The cellulose acylate laminate film of any one of [1] to
[16], wherein the mean thickness of the low-substitution layer
1s from 30 to 100 pm, and the mean thickness of at least one
high-substitution layer is from 0.2% to less than 25% of the
mean thickness of the low-substitution layer.

[18] The cellulose acylate laminate film of any one of [1] to
[17], wherein at least one high-substitution layer comprises a
matting agent.

[19] A method for producing a cellulose acylate laminate
film, comprising:

[0019] forming acellulose acylate laminate film by sequen-
tial casting or simultaneous co-casting of a cellulose acylate
solution for low-substitution layer that comprises anon-phos-
phate compound and a cellulose acylate satisfying the follow-
ing formula (1), and a cellulose acylate solution for high-
substitution layer that comprises a cellulose acylate satisfying
the following formula (2):

2.0<Z1<2.7, M

wherein Z1 means the total degree of acyl substitution of the
cellulose acylate of the low-substitution layer,

2.7<22, @

wherein 72 means the total degree of acyl substitution of the
cellulose acylate of the high-substitution layer, and

[0020] stretching the cellulose acylate laminate film at a
temperature of not lower than (Tg-30° C.) under the condi-
tion that the film comprises the residual solvent in an amount
of at least 5% by mass of the film, wherein Tg means the glass
transition temperature of the cellulose acylate laminate film.
[20] The method for producing a cellulose acylate laminate
film of [19], wherein the non-phosphate compound is a non-
phosphate ester compound.

[21] The method for producing a cellulose acylate laminate
film of [19] or [20], wherein the cellulose acylate solution for



US 2010/0271574 Al

the low-substitution layer and the cellulose acylate solution
for the high-substitution layer are simultaneously co-cast.

[22] The method for producing a cellulose acylate laminate
film of any one of [19] to [21], further comprising drying the
cellulose acylate laminate film after the stretching, and
stretching the dried cellulose acylate laminate film at a tem-
perature of not lower than (Tg-10° C.), wherein Tg means the
glass transition temperature of the cellulose acylate laminate
film.

[23] The method for producing a cellulose acylate laminate
film of any one of [19] to [22], wherein in the stretching at a
temperature of not lower than (Tg-30° C.), the film is
stretched in the direction perpendicular to the machine direc-
tion in film formation (film conveying direction).

[24] The method for producing a cellulose acylate laminate
film of any one of [19] to [23], wherein the viscosity at 25° C.
of the cellulose acylate solution for the low-substitution layer
is higher by at least 10% than the viscosity at 25° C. of the
cellulose acylate solution for the high-substitution layer.

[25] A cellulose acylate laminate film produced according to
the cellulose acylate laminate film production method of any
one of [19] to [24].

[26] A polarizer comprising at least one cellulose acylate
laminate film of any one of [1] to [18] and [25].

[27] A liquid crystal display device comprising at least one
cellulose acylate laminate film of any one of [1] to [18] and
[25].

[28] An IPS, OCB or VA-mode liquid crystal display device
having aliquid crystal cell and a pair of polarizers arranged on
both sides of the liquid crystal cell, wherein at least one
polarizer is the polarizer of [26].

[0021] According to the invention, there is provided a cel-
lulose acylate laminate film having a low haze and having
improved wavelength dispersion characteristics of retarda-
tion. According to the invention, the film can e produced
stably in a simplified manner, and its production cost is low.
According to the invention, there is provided a liquid crystal
display device, especially a VA-mode liquid crystal display
device having a high contrast ratio and having improved
viewing angle characteristics, by incorporating the film or a
polarizer comprising the film into the liquid crystal display
device. The liquid crystal display device of the invention has
solved the problem of light leakage at the time of black level
of display, not only at a specific wavelength but also at other
wavelengths of a broad range; and therefore, the device has
solved the problem of color shift in observation thereof in
oblique directions, and the viewing angle characteristics of
the device of the invention have been remarkably improved to
be better than before.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a schematic cross-sectional view of one
example of the liquid crystal display device of the invention.
In FIG. 1, 11 is polarizing element, 12 is polarizing element,
13 is liquid crystal cell, 14 is cellulose acylate film of
Examples and Comparative Examples, and 15 is optically
anisotropic film (Fujitac TD8OUL).

[0023] FIG. 2 is an outline view showing one example of
producing a three-layered cellulose acylate laminate film by
simultaneous co-casting through a co-casting die. In FIG. 2,1
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is surface layer dope, 2 is core layer dope, 3 is co-casting
Giesser die, and 4 is casting support.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0024] Description will now be made in detail of the cellu-
lose acylate laminate film of the invention, the method for
producing it, the additives used therein and so on.

[0025] Although the following description of its structural
features may often be made on the basis of typical embodi-
ments of the invention, it s to be understood that the invention
is not limited to any such embodiment. It is also to be noted
that every numerical range as herein expressed by employing
the words “from” and “to”, or simply the word “to”, or the
symbol “~” is supposed to include the lower and upper limits
thereof as defined by such words or symbol, unless otherwise
noted. In this description, Re and Rth mean values measured
at a wavelength of 590 nm, unless otherwise specified.
[0026] Inthe invention, “mass %" means equal to “weight
%”, and “% by mass” means equal to “% by weight”.

[Cellulose Acylate L.aminate Film]

[0027] The cellulose acylate laminate film of the invention
(hereinafter this may be referred to as the film of the inven-
tion) comprises a low-substitution layer comprising a non-
phosphate compound and a cellulose acylate that satisfies the
following formula (1):

2.0<Z1<2.7 1

wherein Z1 means the total degree of acyl substitution of the
cellulose acylate of the low-substitution layer, and a high-
substitution layer comprising a cellulose acylate that satisfies
the following formula (2):

2.7<Z2, @

wherein Z2 means the total degree of acyl substitution of the
cellulose acylate of the high-substitution layer. The high-
substitution layer is laminated on at least one face of the
low-substitution layer. The in-plane retardation of the film at
awavelength of 550 nm, Re(550), is the same as or larger than
the in-plane retardation of the film at a wavelength of 440 nm,
Re(440).

[0028] Of the cellulose acylate laminate film of the inven-
tion having the constitution as above, the wavelength disper-
sion characteristics of retardation are regulated according to
the characteristics of the liquid crystal cell to which the film is
applied. Regarding the fact that the cellulose acylate laminate
film of the invention has improved wavelength dispersion
characteristics of retardation and that the liquid crystal dis-
play device comprising the film of the type solves the problem
of color shift in observation of the display panel thereof in
oblique directions at the time of black level of display,
referred to is the description given in JP-A 2008-262161.
[0029] The invention is described in detail hereinunder
with reference to preferred embodiments of the film of the
invention.

(Cellulose Acylate)

[0030] The cellulose acylate for use in the constitutive lay-
ers in the invention satisfies the above formulae (1) and (2) in
point of the total degree of acyl substitution therein. The
acylate material, cellulose includes cotton linter and wood
pulp (hardwood pulp, softwood pulp), etc. Any cellulose acy-
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late obtained from any cellulose material is usable herein; and
as the case may be, a mixture of different types of cellulose
materials may be used. Cellulose materials for use herein are
described in detail, for example, in Marusawa & Uda, “Plastic
Material Lecture (17) Cellulose Resin” (published by Nikkan
Kogyo Shinbun, 1970), and Hatsumei Kyokai Disclosure
Bulletin No. 2001-1745 (pp. 7-8).

[0031] The film for use in the invention may have only one
type of an acyl group, or two or more different types of acyl
groups. Preferably, the film in the invention has anacyl group
having from 2 to 4 carbon atoms as the substituent. In case
where the film has two or more different types of acyl groups,
preferably, one of them is an acetyl group. The acyl group
having from 2 to 4 carbon atoms is preferably a propionyl
group or a butyryl group. The cellulose acylate may form a
solution of good solubility, and especially in a non-chlorine
organic solvent, it may form a good solution. In particular, a
solution having a low viscosity and good filterability can be
produced.

[0032] Cellulose acylate preferred for use in the invention
is described in detail. The p-1,4-bonding glucose unit to
constitute cellulose has a free hydroxyl group at the 2-, 3- and
6-position. Cellulose acylate is a polymer prepared by acy-
lating a part or all of these hydroxyl groups with acyl groups.
The degree of acyl substitution means the total of the propor-
tion of acylation of the hydroxyl groups at the 2-, 3- and
6-positions of cellulose, and 100% acylation at each position
corresponds to a degree of substitution of 1.

[0033] The acyl group having two or more carbon atoms in
the cellulose used in the invention may be an aliphatic group
oran aryl group, and are not particularly limited. They may be
an alkylcarbonyl ester of cellulose, an alkenylcarbonyl ester
of cellulose, an aromatic carbonyl ester of cellulose or an
aromatic alkylcarbony! ester of cellulose. These esters may
have a substituent. Preferable examples of the substituents
include an acetyl group, a propionyl group, a butanoyl group,
a heptanoyl group, a hexanoyl group, an octanoyl group, a
decanoyl group, a dodecanoyl group, a tridecanoyl group, a
tetradecanoyl group, a hexadecanoyl group, an octadecanoyl
group, an isobutanoyl group, a tert-butanoyl group, a cyclo-
hexanecarbonyl group, an oleoyl group, a benzoyl group, a
naphthylcarbonyl group and a cinnamoyl group. An acetyl
group, a propionyl group, a butanoyl group, a dodecanoyl
group, an octadecanoy! group, a tert-butanoyl group, an ole-
oyl group, a benzoyl group, a naphthylcarbonyl group and a
cinnamoyl group are more preferred, and an acetyl group, a
propionyl group and a butanoyl group (in case where the acyl
group has from 2 to 4 carbon atoms) are particularly pre-
ferred, and the most preferred is an acetyl group (in case
where the cellulose acylate is a cellulose acetate).

[0034] Inacylation of cellulose, when an acid anhydride or
an acid chloride is used as the acylating agent, the organic
solvent as the reaction solvent may be an organic acid, such as
acetic acid, or methylene chloride or the like.

[0035] When the acylating agent is an acid anhydride, the
catalyst is preferably a protic catalyst such as sulfuric acid,
and when the acylating agent is an acid chloride (e.g.,
CH,CH,COCI), a basic compound may be used as the cata-
lyst.

[0036] A most popular industrial production method for a
mixed fatty acid ester of cellulose comprises acylating cellu-
lose with a fatty acid corresponding to an acetyl group and

Oct. 28, 2010

other acyl groups (e.g., acetic acid, propionic acid, valeric
acid, etc.), or with a mixed organic acid ingredient containing
their acid anhydride.

[0037] Inthe film of the invention, the cellulose acylate for
the low-substitution layer preferably satisfies the following
formulae (3) and (4) from the viewpoint of the wavelength
dispersion characteristics of retardation of the film.

1.0<X1<2.7 (3)
wherein X1 means the degree of acetyl substitution of the
cellulose acylate of the low-substitution layer.

0=Y1<1.5 @
wherein Y1 means the total degree of substitution with acyl

having at least 3 carbon atoms of the cellulose acylate of the
low-substitution layer.

[0038] With Z1 in formula (1), X1 and Y1 satisfy
X1+Y1=Z1.
[0039] Inthe film of the invention, the cellulose acylate for

the high-substitution layer preferably satisfies the following
formulae (5) and (6) from the viewpoint of the wavelength
dispersion characteristics of retardation of the film.

1.2<X2<3.0 (5)

wherein X2 means the degree of acetyl substitution of the
cellulose acylate of the high-substitution layer.

D=Y2<15 (6)

wherein Y2 means the total degree of substitution with acyl
having at least 3 carbon atoms of the cellulose acylate of the
high-substitution layer.

[0040] With 72 in formula (2), X2 and Y2 satisfy
X2+Y2-72.
[0041] Cellulose acylate for use in the invention may be

produced, for example, according to the method described in
JP-A 10-45804.

[0042] It is known that cellulose acylate contains a slight
amount of metal components that was introduced during the
process for production thereof.

[0043] It is also known that when the cellulose acylate is
cast for film formation, the slight amount of metal compo-
nents may contaminate the surface of a casting support to
deteriorate the properties of the formed film and cause a
problem in the film formation process. Cellulose acylate con-
taining a lower amount ofthe metal components is preferable.
[0044] Slight amount ofthe metal components can be quan-
titated by an analytic method such as ionic chromatography,
atomic absorption spectrum, ICP, ICP-MS of a cellulose acy-
late sample.

(Non-Phosphate Compound)

[0045] The film of the invention contains a non-phosphate
compound in the low-substitution layer. The non-phosphate
compound in the layer exhibits an effect of reducing the haze
of the film. In addition, even when the film of the invention
has a low Nz factor (as described below), the film containing
such a non-phosphate compound can easily exhibit both the
effect of retardation enhancement and the effect of haze
reduction.

[0046] In this description, the “non-phosphate compound”
means “a compound having an ester bond in which the acid
contributing to the ester bond is one except phosphoric acid”.
In other words, the “non-phosphate compound” means an
ester compound not containing phosphoric acid.
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[0047] The non-phosphate compound may be a low-mo-
lecular compound or a polymer (high-molecular compound).
The non-phosphate compound in the form of a polymer may
be hereinafter referred to as a non-phosphate polymer.
[0048] In the film of the invention, preferably, the high-
substitution layer contains the non-phosphate compound as
an additive, and the proportion (part by mass) of the additive
to the cellulose acylate contained in the high-substitution
layer is smaller than the proportion (part by mass) of the
additive to the cellulose acylate contained in the low-substi-
tution layer, from the viewpoint of haze reduction. The non-
phosphate compound for use in the invention is described
below.

[0049] As the non-phosphate compound, widely usable are
high-molecular additives and low-molecular additives known
as additives to cellulose acylate films. Preferably, the amount
of the additive is from 1 to 35% by mass of the cellulose resin,
more preferably from 4 to 30% by mass, even more preferably
from 10 to 25% by mass.

[0050] The high-molecular additive for use as the non-
phosphate compound in the film of the invention has a recur-
ring unit in the compound, and its number-average molecular
weight is preferably from 700 to 10000. The high-molecular
additive has a function of increasing the evaporation speed of
solvent in a solution casting method, and a function of reduc-
ing the residual solvent amount. In addition, the additive
exhibits various useful effects from the viewpoint of improv-
ing the film quality of, for example, improving the mechani-
cal property thereof, imparting flexibility to the film, impart-
ing absorption resistance thereto and reducing the water
permeation through the film.

[0051] The number-average molecular weight of the high-
molecular additive of non-phosphate compound for use in the
invention is more preferably from 700 to 8000, even more
preferably from 700 to 5000, still more preferably from 1000
to 5000.

[0052] The high-molecular additive of non-phosphate
compound for use in the invention is described in detail here-
inunder with reference to specific examples thereof given
below; however, needless-to-say, the high-molecular additive
of non-phosphate compound for use in the invention is not
limited to these.

[0053] The non-phosphate compound is preferably a non-
phosphate ester compound. However, the “non-phosphate
ester compound” does not include phosphates, and is meant to
include ester compounds except phosphates.

[0054] The polymer additive of non-phosphate compound
includes polyester polymer (aliphatic polyester polymer, aro-
matic polyester polymer, etc.), and copolymer of polyester
ingredient and other ingredient, etc. Preferred are aliphatic
polyester polymer, aromatic polyester polymer; copolymer of
polyester polymer (aliphatic polyester polymer, aromatic
polyester polymer, etc.) and acrylic polymer; and copolymer
of polyester polymer (aliphatic polyester polymer, aromatic
polyester polymer, etc.) and styrenic polymer. More preferred
are polyester compounds containing an aromatic ring as at
least one copolymerization ingredient.

[0055] The aliphatic polyester-type polymers for use in the
invention is one produced by reaction of a mixture of an
aliphatic dicarboxylic acid having from 2 to 20 carbon atoms,
and a diol selected from the group consisting of aliphatic diols
having from 2 to 12 carbon atoms and alkyl ether diols having
from 4 to 20 carbon atoms, and both ends of the reaction
product may be as such, or may be blocked by further reaction
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with a monocarboxylic acid or a monoalcohol. The terminal
blocking may be effected for the reason that the absence ofa
free carboxylic acid in the plasticizer is effective for the
storability of the plasticizer. The dicarboxylic acid for the
polyester plasticizer for use in the invention is preferably an
aliphatic dicarboxylic acid having from 4 to 20 carbon atoms
or an aromatic dicarboxylic acid having from 8§ to 20 carbon
atoms.

[0056] Thealiphatic dicarboxylic acids having from 2 to 20
carbon atoms preferably for use in the film of the invention
include, for example, oxalic acid, malonic acid, succinic acid,
maleic acid, fumaric acid, glutaric acid, adipic acid, pimelic
acid, suberic acid, azelaic acid, sebacic acid, dodecanedicar-
boxylic acid and 1,4-cyclohexanedicarboxylic acid.

[0057] More preferred aliphatic dicarboxylic acids in these
are malonic acid, succinic acid, maleic acid, fumaric acid,
glutaric acid, adipic acid, azelaic acid, 1,4-cyclohexanedicar-
boxylic acid. Particularly preferred dicarboxylic acids are
suiccinic acid, glutaric acid and adipic acid.

[0058] The diol used for the high-molecular additive are
selected. for example, from aliphatic diols having from 2 to
20 carbon atoms, alky] ether diols having from 4 to 20 carbon
atoms.

[0059] Examples of the aliphatic dial having from 2 to 20
carbon atoms include an alkyldiol and an aliphatic diol. For
example, an ethandiol, 1,2-propandiol, 1,3-propandiol, 1,2-
butandiol, 1,3-butandiol, 2-methyl-1,3-propandiol, 1,4-
butandiol, 1,5-pentandiol,  2,2-dimethyl-1,3-propandiol
(neopentyl glycol), 2,2-diethyl-1,3-propandiol (3,3-dimethy-
lolpentane), 2-n-buthyl-2-ethyl-1,3-propandiol (3,3-dim-
ethylolheptane), 3-methyl-1,5-pentandiol, 1,6-hexandiol,
2,2 A-trimethyl-1,3-pentandiol, 2-ethyl-1,3-hexandiol, 2-me-
thyl-1,8-octandiol, 1,9-nonandiol, 1,10-decandiol, 1,12-0c-
tadecandiol, etc. One or more of these glycols may be used
either singly or as combined mixture.

[0060] Specific examples of preferred aliphatic diols
include an ethandiol, 1,2-propandiol, 1,3-propandiol, 1,2-
butandiol, 1,3-butandiol, 2-methyl-1,3-propandiol, 1,4-
butandiol, 1,5-pentandiol, 3-methyl-1,5-pentandiol, 1,6-hex-
andiol, 1,4-cyclohexandiol, 1,4-cyclohexandimethanol.
Particularly preferred examples include ethandiol, 1,2-pro-
pandiol, 1,3-propandiol, 1,2-butandiol, 1,3-butandiol, 1,4-
butandiol, 1,5-pentandiol, 1,6-hexandiol, 1,4-cyclohexan-
diol, 1,4-cyclohexanedimethanol.

[0061] Specific examples of preferred alkyl ether diols hav-
ing from 4 to 20 carbon atoms are polytetramethylene ether
glycol, polyethylene ether glycol and polypropylene ether
glycol, and combinations of these. The average degree of
polymerization is not limited in particular, and it is preferably
from 2 to 20, more preferably 2 to 10, further preferably from
2 to 5, especially preferably from 2 to 4. As these examples,
Carbowax resin, Pluronics resin and Niax resin are commet-
cially available as typically useful polyether glycols.

[0062] In the invention, especially preferred is a high-mo-
lecular additive of which the terminal is blocked with an alkyl
group or an aromatic group. The terminal protection with a
hydrophobic functional group is effective against aging at
high temperature and high humidity, by which the hydrolysis
of the ester group is retarded.

[0063] Preferably, the polyester plasticizer in the invention
is protected with a monoalcohol residue or a monocarboxylic
acid residue in order that both ends of the polyester plasticizer
are not a carboxylic acid or a hydroxyl group.
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[0064] In this case, the monoalcohol residue is preferably a
substituted or unsubstituted monoalcohol residue having
from 1 to 30 carbon atoms, including, for example, aliphatic
alcohols such as methanol, ethanol, propanol, isopropanol,
butanol, isobutanol, pentanol, isopentanol, hexanol, isohex-
anol, cyclohexyl alcohol, octanol, isooctanol, 2-ethylhexyl
alcohol, nonyl alcohol, isononyl alcohol, tent-nonyl alcohol,
decanol, dodecanol, dodecahexanol, dodecaoctanol, allyl
alcohol, oley! alcohol; and substituted alcohols such as ben-
zyl alcohol, 3-phenylpropanol.

[0065] Alcohol residues for terminal blocking that are pre-
ferred for use in the invention are methanol, ethanol, pro-
panol, isopropanol, butanol, isobutanol, isopentanol, hex-
anol, isohexanol, cyclohexyl alcohol, iscoctanol,
2-ethylhexyl alcohol, isononyl alcohol, oleyl alcohol, benzyl
alcohol, more preferably methanol, ethanol, propancl, isobu-
tanol, cyclohexyl alcohol, 2-ethylhexyl alcohol, isononyl
alcohol, benzyl alcohol.

[0066] Inblocking witha monocarboxylic acid residue, the
monocarboxylic acid for use as the monocarboxylic acid
residue is preferably a substituted or unsubstituted monocar-
boxylic acid having from 1 to 30 carbon atoms. It may be an
aliphatic monocarboxylic acid or an aromatic monocarboxy-
lic acid. Preferred aliphatic monocarboxylic acids are
described. They include acetic acid, propionic acid, butanoic
acid, caprylic acid, caproic acid, decanoic acid, dodecanoic
acid, stearic acid, oleic acid. Preferred aromatic monocat-
boxylic acids are, for example, benzoic acid, p-tert-butylben-
zoic acid, orthotoluic acid, metatoluic acid, paratoluic acid,
dimethylbenzoic acid, ethylbenzoic acid, normal-propylben-
zoic acid, aminobenzoic acid, acetoxybenzoic acid. One or
more of these may be used either singly or as combined.
[0067] Thehigh-molecular additive for use in the invention
may be easily produced according to any of a thermal melt
condensation method of polyesterification or interesterifica-
tion of the above-mentioned dicarboxylic acid and diol and/or
monocarboxylic acid or monoalcohol for terminal blocking,
or according to an interfacial condensation method of an acid
chloride of those acids and a glycol in an ordinary manner.
The polyester additives are described in detail in Koichi
Murai’s “Additives, Their Theory and Application” (by
Miyuki Publishing, first original edition published on Mar. 1,
1973). The materials described in JP-A 05-155809,
05-155810, 05-197073, 2006-259494, 07-330670, 2006-
342227, 2007-003679 are also usable herein.

[0068] The aromatic polyester polymers are obtained by
copolymerizing the above-mentioned polyester polymers
with a monomer having an aromatic ring. The monomer
having an aromatic ring is at least one monomer selected from
aromatic dicarboxylic acids having from 8 to 20 carbon
atoms, and aromatic diols having from 6 to 20 carbon atoms.
[0069] The aromatic dicarboxylic acids for use in the film
of the invention having from 8 to 20 carbon atoms include
phthalic acid, terephthalic acid, isophthalic acid, 1,5-naph-
thalene dicarboxylic acid, 1,4-naphthalene dicarboxylic acid,
1,8-naphthalene dicarboxylic acid, 2,8-naphthalene dicar-
boxylic acid and 2,6-naphthalene dicarboxylic acid etc. Pref-
erable aromatic dicarboxylic acids are phthalic acid, tereph-
thalic acid and isophthalic acid.

[0070] The aromatic diols having from 6 to 20 carbon
atoms, not limited, include Bisphenol A, 1,2-hydroxyben-
zene, 1,3-hydroxybenzene, 1,4-hydroxybenzene, 1,4-dim-
ethylolbenzene, and preferably include bisphenol A, 1,4-hy-
droxybenzene and 1,4-dimethylolbenzene.
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[0071] Inthe invention, the aromatic polyester is combined
with at least one of aromatic dicarboxylic acids or aromatic
diols, and the combination is not specifically defined. Differ-
ent types of the respective ingredients may be combined with
no problem. In the invention, especially preferred are high-
molecular-weight additives the terminal of which is blocked
with an alkyl group or an aromatic group, as so mentioned in
the above; and for the blocking, the above-mentioned method
may be employed.

<Other Additives>

[0072] Any other additive than the non-phosphate com-
pound may be added to the film of the invention. The addi-
tional additive includes a retardation regulator (retardation
enhance, retardation reducer); a plasticizer such as phthalate,
phosphate, etc.; a UV absorbent; an antioxidant; a matting
agent, etc.

[0073] In the invention, as the retardation reducer, phos-
phate ester compounds and other compounds than non-phos-
phate compounds known as additive to cellulose acylate films
can be widely employed.

[0074] The polymer-type retardation reducer may be
selected from phosphate polyester polymers, styrenic poly-
mers, acrylic polymers and their copolymers; and acrylic
polymers and styrenic polymers are preferred. Preferably, the
retardation reducer contains at least one polymer having a
negative intrinsic birefringence such as styrenic polymer and
acrylic polymer.

[0075] The low-molecular weight retardation reducer
except non-phosphate compounds includes the following.
These may be solid or oily. In other words, they are not
specifically defined in point of the melting point or boiling
point thereof. For example, there is mentioned mixing UV-
absorbent materials having a melting point of 20° C. or less,
or having a melting point of 20° C. or more, as well as mixing
antiaging agents similarly. IR absorbent dyes are described
in, for example, JP-A 2001-194522. The additive may be
added in any stage of preparing the cellulose acylate solution
(dope); and the additive may be added at the end of the dope
preparation process in the final step for additive addition of
the process. The amount of the material is not specifically
defined so far as the material could exhibit its function.
[0076] The low-molecular retardation reducer of com-
pounds except non-phosphate compounds is not specifically
defined. For example, the compounds are described in detail
in JP-A 2007-272177, paragraphs [0066] to [0085].

[0077] The compounds represented by a general formula
(1) in JP-A 2007-272177, paragraphs [0066] to [0085] may
be produced according to the following method.

[0078] The compounds of formula (1) in the patent publi-
cation can be produced by condensation of a sulfonyl chloride
derivative and an amine derivative.

[0079] The compounds of a general formula (2) in JP-A
2007-272177 can be produced by dehydrating condensation
of a carboxylic acid and an amine with a condensing agent
(e.g., dicyclohexylcarbodiimide (DCC), etc.), or by substitu-
tion reaction between a carboxylic acid chloride derivative
and an amine derivative.

[0080] The retardation reducer in the invention is prefer-
ably an Rth reducer from the viewpoint of realizing a favor-
able Nz factor. Of the retardation reducers, the Rth reducer
includes, for example, acrylic polymers, styrenic polymers,
and low-molecular-weight compounds of formulae (3) to (7).
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Of those, preferred are acrylic polymers and styrenic poly-
mers; and more preferred are acrylic polymers.

[0081] The retardation reducing agent is added in an
amount of preferably from 0.01 to 30% by mass of the cellu-
lose resin, more preferably from 0.1 to 20% by mass of the
cellulose resin, still more preferably from 0.1 to 10% by mass
of the cellulose resin.

[0082] When the retardation reducing agent is added in an
amount of at most 30% by mass, compatibility with the cel-
lulose resin can be improved and whitening can be inhibited.
When two or more retardation reducing agents are used, the
sum amount of the agents is preferably within the above
range.

(Plasticizer)

[0083] Many compounds known for a plasticizer of a cel-
lulose acylate may be preferably used as a plasticizer in the
invention. As the plasticizer, usable are phosphates or car-
boxylates. Examples of the phosphates include triphenyl
phosphate (TPP) and tricresyl phosphate (TCP). The car-
boxylates are typically phthalates and citrates. Examples of
the phthalates include dimethyl phthalate (DMP), diethyl
phthalate (DEP), dibutyl phthalate (DBP), dioctyl phthalate
(DOP), diphenyl phthalate (DPP) and diethylhexyl phthalate
(DEHP). Examples of the citrates include triethyl O-acetyl-
citrate (OACTE) and tributyl O-acetylcitrate (OACTB).
Examples of other carboxylates include butyl oleate, methy-
lacetyl ricinoleate, dibutyl sebacate, and various trimellitates.
Preferred for use herein are phthalate plasticizers (DMP, DEP,
DBP, DOP, DPP, DEHP). More preferred are DEP and DPP.

(Retardation Enhancer)

[0084] Preferably, the film of the invention contains at least
one retardation enhancer in the low-substitution layer for
expressing a desired retardation value. Not specifically
defined, the retardation enhancer includes rod-like or discotic
compounds, as well as the above-mentioned non-phosphate
compounds exhibiting the ability of retardation enhance-
ment. As the rod-like or discotic compounds, those having at
least two aromatic rings are preferred for the retardation
enhance.

[0085] The amount of the retardation enhancer of rod-
shaped compound is preferably from 0.1 to 30 parts by mass,
relative to 100 parts by mass of the cellulose acylate-contain-
ing polymer ingredient, more preferably from 0.5 to 20 parts
by mass. Preferably, the amount of the discotic compound in
the retardation enhancer is less than 3 parts by mass relative to
100 parts by mass of cellulose acylate, more preferably less
than 2 parts by mass, even more preferably less than 1 part by
mass.

[0086] A discotic compound is superior to a rod-shaped
compound as an Rth retardation enhancer, and is therefore
favorably used in ace where the film requires an especially
large Rth retardation. Two or more different types of retarda-
tion enhancers may be used, as combined.

[0087] Preferably, the retardation enhancer has a maximum
absorption in a wavelength range of from 250 to 400 nm, and
preferably, it does not have substantial absorption in a visible
light region.

[0088] Description will be given about the discotic com-
pound. As the discotic compound, a compound having at least
two aromatic rings can be employed.
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[0089] In the specification, an “aromatic ring” includes an
aromatic heteroring, in addition to an aromatic hydrocarbon
ring.

[0090] The aromatic hydrocarbon ring is particularly pref-

erably a 6-membered ring (that is, benzene ring).

[0091] Generally, the aromatic heteroring is an unsaturated
heteroring. The aromatic heteroring is preferably a 5-mem-
bered ring, 6-membered ring or a 7-membered ring, more
preferably a 5-membered ring or a 6-membered ring. Gener-
ally, the aromatic heteroring has the largest number of double
bonds. As hetero atoms, a nitrogen atom, an oxygen atom and
a sulfur atom are preferred, and a nitrogen atom is particularly
preferred. Examples of the aromatic heteroring include a
furan ring, a thiophene ring, a pyrrole ring, an oxazole ring, an
iso-oxazole ring, a thiazole ring, an iso-thiazole ring, an imi-
dazole ring, a pyrazole ring, a furazane ring, a triazole ring, a
pyran ring, a pyridine ring, a pyridazine ring, a pyrimidine
ring, a pyrazine ring and a 1,3,5-triazine ring.

[0092] As the aromatic ring, a benzene ring, a condensed
benzene ring, biphenol and a 1,3,5-triazine ring are used
preferably, and, in particular, a 1,3,5-triazine ring is prefer-
ably used. Specifically, compounds, for example, disclosed in
JP-A-2001-166144 are used preferably as a discotic com-
pound.

[0093] Number of aromatic rings included in the retarda-
tion enhancer is preferably 2-20, more preferably 2-12, fur-
thermore preferably 2-8, most preferably 2-6.

[0094] Bond relation of two aromatic rings can be classified
into following cases (since an aromatic ring, a spiro bond can
not be formed): (a) formation of a condensed ring, (b) forma-
tion of a direct bond by a single bond, and (c) formation of a
bond via a linking group. The bond relation may be any one of
(@)-(c).

[0095] Examples of the (a) condensed ring (a condensed
ring of two or more of aromatic rings) include an indene ring,
anaphthalene ring, an azulene ring, a fluorene ring, a phenan-
threne ring, an anthracene ring, an acenaphthylene ring, an
biphenylene ring, a naphthacene ring, a pyrene ring, an indole
ring, an iso-indole ring, a benzofuran ring, a benzothiophene
ring, an indolizine ring, a benzoxazole ring, a benzothiazole
ring, a benzoimidazole ring, a benzotriazole ring, a purine
ring, an indazole ring, a chromene ring, a quinoline ring, an
isoquinoline ring, a quinolizine ring, a quinazoline ring, a
cinnoline ring, a quinoxaline ring, a phthalazine ring, a pte-
ridine ring, a carbazole ring, an acridine ring, a phenanthri-
dine ring, a xanthene ring, a phenazine ring, a phenothiazine
ring, a phenoxthine ring, a phenoxazine ring and a thianthrene
ring. A naphthalene ring, an azulene ring, an indole ring, a
benzoxazole ring, a benzothiazole ring, a benzoimidazole
ring, benzotriazole ring and a quinoline ring are preferred.
[0096] The single bond of (b) is preferably a carbon-carbon
bond between two aromatic rings. Two aromatic rings may be
bonded by two or more of single bonds to form an aliphatic
ring or a non-aromatic heteroring between the two aromatic
rings.

[0097] The linking group of (c) also bonds, preferably, to
carbon atoms of the two aromatic rings. The linking group is
preferably an alkylene group, an alkenylene group, an alky-
nylene group, —CO—, —O—, —NH—, —S8— or combina-
tions thereof. Examples of the linking group composed of the
combination are shown below. In this connection, the relation
of right and left in the following examples of linking group
may be reversed.

cl: —CO—0—

¢2: —CO—NH—

¢3: -alkylene-O
c4: —NH—CO—NH—
¢5: —NH—CO—0—
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c6: —O—CO—0—

¢7: —O-alkylene-O—

c8: —CO-alkenylene-

¢9: —CO-alkenylene-NH—

¢10: —CO-alkenylene-O—

c11: -alkylene-CO—O-alkylene-O—CO-alkylene-

¢12: —0-alkylene-CO—-0O-alkylene-O—CO-alkylene-f
¢13: —0—CO-alkylene-CO—0O—

c14: —NH—CO-alkenylene-

c15: —O0—CO-alkenylene-

[0098] The aromatic ring and the linking group may have a
substituent.
[0099] Examples of the substituent include a halogen atom

(F, C1, Br, 1), a hydroxyl group, a carboxyl group, a cyano
group, an amino group, a nitro group, a sulfo group, a car-
bamoyl group, a sulfamoyl group, an ureide group, an alkyl
group, an alkenyl group, an alkynyl group, an aliphatic acyl
group, an aliphatic acyloxy group, an alkoxy group, an
alkoxycarbonyl group, an alkoxycarbonylamino group, an
alkylthio group, an alkylsulfonyl group, an aliphatic amide
group, an aliphatic sulfoneamide group, an aliphatic-substi-
tuted amino group, an aliphatic-substituted carbamoyl group,
an aliphatic-substituted sulfamoyl group, an aliphatic-substi-
tuted ureide group and a non-aromatic heterocyclic group.
[0100] Number of carbon atoms of the alkyl group is pref-
erably 1-8. A chain alkyl group is preferred to a cyclic alkyl
group, and a strait-chain alkyl group is particularly preferred.
The alkyl group may further have a substituent (for example,
a hydroxyl group, a carboxyl group, an alkoxy group, an
alkyl-substituted amino group). Examples of the alkyl group
(including the substituted alkyl group) include a methyl
group, an ethyl group, a n-butyl group, a n-hexyl group, a
2-hydroxyethyl group, a 4-carboxybutyl group, a 2-methoxy-
ethyl group and 2-diethylaminoethyl group.

[0101] Number of carbon atoms of the alkenyl group is
preferably 2-8. A chain alkenyl group is preferred to a cyclic
alkenyl group, and a straight-chain alkenyl group is particu-
larly preferred. The alkenyl group may further have a sub-
stituent. Examples of the alkenyl group include a vinyl group,
an aryl group and a 1-hexenyl group.

[0102] Number of carbon atoms of the alkynyl group is
preferably 2-8. A chain alkynyl group is preferred to a cyclic
alkynyl group, and a straight-chain alkynyl group is particu-
larly preferred. The alkynyl group may further have a sub-
stituent. Examples of the alkynyl group include an ethynyl
group, a 1-butynyl group and a 1-hexynyl group.

[0103] Number of carbon atoms of the aliphatic acyl group
is preferably 1-10. Examples of the aliphatic acyl group
include an acetyl group, a propanoyl group and a butanoyl
group.

[0104] Number of carbon atoms of the aliphatic acyloxy
group is preferably 1-10. Example of the aliphatic acyloxy
group include an acetoxy group.

[0105] Number of carbon atoms of the alkoxy group is
preferably 1-8. The alkoxy group may further have an sub-
stituent (for example, an alkoxy group). Examples of the
alkoxy group (including a substituted alkoxy group) include
a methoxy group, an ethoxy group, a butoxy group and a
methoxyethoxy group.

[0106] Number of carbon atoms of the alkoxycarbonyl
group is preferably 2-10. Examples of the alkoxycarbonyl
group include a methoxycarbonyl group and an ethoxycarbo-

nyl group.
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[0107] Number of carbon atoms of the alkoxycarbony-
lamino group is preferably 2-10. Examples of the alkoxycar-
bonylamino group include a methoxycarbonylamino group
and an ethoxycarbonylamino group.

[0108] Number of carbon atoms of the alkylthio group is
preferably 1-12. Examples of the alkylthio group include a
methylthio group, an ethylthio group and an octylthio group.
[0109] Number of carbon atoms of the alkylsulfonyl group
is preferably 1-8. Examples of the alkylsulfonyl group
include a methanesulfonyl group and an ethanesulfonyl
group.

[0110] Number of carbon atoms of the aliphatic amide
group is preferably 1-10. Example of the aliphatic amide
group includes an acetamide group.

[0111] Number of carbon atoms of the aliphatic sulfona-
mido group is preferably 1-8. Examples of the aliphatic sul-
fonamido group include a methane sulfonamido group, a
butane sulfonamido group and a n-octane sulfonamido group.
[0112] Number of carbon atoms of the aliphatic-substituted
amino group is preferably 1-10. Examples of the aliphatic-
substituted amino group include a dimethylamino group, a
diethylamino group and a 2-carboxyethylamino group.
[0113] Number of carbon atoms of the aliphatic-substituted
carbamoyl group is preferably 2-10. Examples of the ali-
phatic-substituted carbamoy] group include a methylcarbam-
oyl group and a diethylcarbamoyl group.

[0114] Number of carbon atoms of the aliphatic-substituted
sulfamoyl group is preferably 1-8. Examples of the aliphatic-
substituted sulfamoyl group include a methylsulfamoyl
group and a diethylsulfamoyl group.

[0115] Number of carbon atoms of the aliphatic-substituted
ureide group is preferably 2-10. Example of the aliphatic-
substituted ureide group includes a methylureide group.
[0116] Examples of the non-aromatic heterocyclic group
include a piperidino group and a morphorino group.

[0117] Molecular weight of the retardation enhancer com-
posed of the discotic compound is preferably 300-800.
[0118] A compound represented by following formula (I) is
preferably used for the discotic compound.

Formula (I)
RZOI_xZOl N

T
Y

XZ(I 1

XZOI_RZOI

RZO 1

In the above formula (I):

[0119] R eachindependently represents an aromatic ring
or ahetero ring having a substituent at any of the ortho-, meta-
and para-positions.

[0120] X>°"each independently represents a single bond or
—NR*%“—. R**? each independently represents a hydrogen
atom, or a substituted or unsubstituted alkyl, alkenyl, aryl or
heterocyclic group.

[0121] The aromatic ring represented by R is preferably
a phenyl ring or a naphtyl ring, particularly preferably a
phenyl ring. The aromatic ring represented by R*°* may have
at least one substituent in any one of substitution positions.
For the example of the above-mentioned substituent, a halo-
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gen atom, a hydroxyl group, a cyano group, a nitro group, a
carboxyl group, an alkyl group, an alkenyl group, an aryl
group, an alkoxy group, an alkenyloxy group, an aryloxy
group, an acyloxy group, an alkoxycarbonyl group, an alk-
enyloxycarbonyl group, an aryloxycarbonyl group, a sulfa-
moyl group, an alkyl substituted sulfamoyl group, an alkenyl
substituted sulfamoyl group, an aryl substituted sulfamoyl
group, a sulfoneamide group, a carbamoyl group, an alkyl
substituted carbamoyl group, an alkenyl substituted carbam-
oyl group, an aryl substituted carbamoyl group, an amide
group, an alkylthio group, an alkenylthio group, an arylthio
group and an acyl group are included.

[0122] The hetero ring for R**" is preferably aromatic. The
aromatic hetero ring is generally an unsaturated hetero ring,
and is preferably a hetero ring having maximum double
bonds. The hetero ring is preferably a 5-membered ring, a
6-membered ring or a 7-membered ring, more preferably a
S-membered ring or a 6-membered ring, most preferably a
S5-membered ring. The hetero atom constituting the hetero
ring is preferably a nitrogen atom, a sulfur atom or an oxygen
atom, more preferably a nitrogen atom. The aromatic hetero
ring is especially preferably a pyridine ring (as the heterocy-
clic group, a 2-pyridyl or 4-pyridyl group). The heterocyclic
group may have a substituent. Examples of the substituent for
the heterocyclic group may be the same as those mentioned
hereinabove for the substituent of the aryl moiety.

[0123] The heterocyclic group in a case where X*°! is a
single bond is preferably a heterocyclic group having a
chemical bond at the nitrogen atom. The heterocyclic group
having a chemical bond at the nitrogen atom is preferably a
5-membered ring, a 6-membered ring or a 7-membered ring,
more preferably a S-membered ring or a 6-membered ring,
most preferably a 5-membered ring. The heterocyclic group
may have plural nitrogen atoms. The heterocyclic group may
have any other hetero atom (e.g., O, S) than the nitrogen atom.
Examples of the heterocyclic group having a chemical bond
at the nitrogen atom are shown below.

CH
N 3 >
/= N
—N —N
= -
CH;
CH;,
(6]
= )J\ /
//‘ OC4Hy",
CH;0C0

S
O
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-continued
/N\
—N
/
)CiNHCHg, )Cf | |
—N A N —N N N —N 6]

COOC,Hy"

[0124] The alkyl group represented by R>** may be a cyclo
alkyl group or a chain alkyl group, preferably a chain alkyl
group. A straight chain alkyl group is more preferred to a
branched chain alkyl group. Number of the carbon atoms of
the alkyl group is preferably 1-30, more preferably 1-20,
further preferably 1-10, further more preferably 1-8, and most
preferably 1-6. The alkyl group may have a substituent. An
example ofthe substituent includes a halogen atom, an alkoxy
group (for example, a methoxy group, an ethoxy group) and
an acyloxy group (for example, an acryloxy group, a meth-
acryloxy group).

[0125] The alkenyl group represented by R*** may be a
cyclo alkenyl group or a chain alkenyl group, preferably a
chain alkenyl group. A straight chain alkenyl group is more
preferred to a branched chain alkyl group. Number of the
carbon atoms of the alkyl group is preferably 2-30, more
preferably 2-20, further preferably 2-10, further more prefer-
ably 2-8, and most preferably 2-6. The alkenyl group may
have a substituent. As the substituents, those for the above-
mentioned alkyl group can be used.

[0126] The aromatic ring group and heterocyclic group
represented by R*® and their preferable groups are as
described in R*®! above. The aromatic ring group and the
heterocyclic group may have a substituent further, and
examples of the substituent are the same as those for R*%*.

[0127] The compounds of formula (I) may be produced
according to known methods, for example, the method
described in JP-A 2003-344655. The retardation enhancer is
described in detail in Disclosure Bulletin No. 2001-1745,
page 49.

[0128] As the retardation enhancer in the invention, also
usable are polymer additives like the above-mentioned low-
molecular compounds. Inthe invention, the above-mentioned
non-phosphate polymers may serve also as the retardation
enhancer. As the polymer retardation enhancer of the above-
mentioned non-phosphate polymer, preferred are the above-
mentioned aromatic polyester polymers and copolymers of
the aromatic polyester polymer and any other resin.

[0129] The retardation enhancer in the invention is prefer-
ably an Re enhancer from the viewpoint of efficiently enhanc-
ing Re and realizing a suitable Nz factor. Of the retardation
enhancers, the Re enhancer includes, for example, discotic
compounds and rod-shaped compounds.

[0130] Thecelluloseacyalete laminate film ofthe invention
may contain any other additives if needs. The other additives
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include an antiaging agent, a UV absorbent, a release pro-
moter, a matting agent, a lubricant, the plasticizer mentioned
above, etc.

(Antiaging Agent)

[0131] Any known antiaging agent (antioxidant) may be
added to the cellulose acylate laminate film in the invention.
For example, phenolic or hydroquinone-based antioxidants
may be added, including 2,6-di-tert-butyl-4-methylphenol,
4 4'-thiobis-(6-tert-butyl-3-methylphenol),  1,1'-bis(4-hy-
droxyphenyl)cyclohexane, 2,2'-methylenebis(4-ethyl-6-tert-
butylphenol) 2,5-di-tert-butylhydroquinone, pentaerythrityl
tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate],
etc. Also preferred are phosphorus-containing antioxidants
such as tris(4-methoxy-3,5-diphenyl)phosphite, tris(non-
ylphenyl)phosphite, tris(2.4-di-tert-butylphenyljphosphite,
bis(2,6-di-tent-butyl-4-methylphenyl)pentaerythritol
diphosphite, bis(2,4-di-tert-butylphenyl)pentaerythritol
diphosphite, etc. The amount of the antiaging agent to be
added may be from 0.05 to 5.0 parts by mass relative to 100
parts by mass of the cellulose acylate resin.

(UV Absorbent)

[0132] From the viewpoint of preventing the deterioration
of polarizers and liquid crystals, a UV absorbent is favorably
added to the cellulose acylate laminate film in the invention.
Preferably, the UV absorbent has an excellent UV-absorbing
capability at a wavelength of at most 370 nm, and has little
absorption of visible light having a wavelength of at least 400
nm, from the viewpoint of good liquid crystal display capa-
bility. Preferred examples of the UV absorbent for use in the
invention include hindered phenol compounds, hydroxyben-
zophenone compounds, benzotriazole compounds, salicylate
compounds, benzophenone compounds, cyanoacrylate com-
pounds, nickel complex compounds, etc. Examples of the
hindered phenol compounds include 2,6-di-tert-butyl-p-
cresol, pentaerythrityl tetrakis|3-(3,5-di-tert-butyl-4-hydrox-
yphenyl)propionate], N,N'-hexamethylenebis(3,5-di-tert-bu-
tyl-4-hydroxy-hydrocinn amide), 1,3,5-trimethyl-2,4,6-tris
(3,5-di-tert-butyl-4-hydroxybenzyl)benzene,  tris-(3,5-di-
tert-butyl-4-hydroxybenzyl isocyanurate, etc. Examples of
the benzotriazole compounds include 2-(2'-hydroxy-5'-meth-
vlphenyl)benzotriazole, 2,2-methylenebis(4-(1,1,3,3-tetram-
ethylbutyl)-6-(2H-benzotriazol-2-yl)phenol), (2,4-bis(n-oc-
tylthio)-6-(4-hydroxy-3,5-di-tert-butylanilino)-1,3,5-
triazine, triethylene glycol-bis[3-(3-tert-butyl-5-methyl-4-
hydroxyphenyl)propionate], N,N'-hexamethylenebis(3,5-di-
tert-butyl-4-hydroxy-hydrocinn amide), 1,3,3-trimethyl-2,4,
6-tris(3,5-di-tert-butyl-4-hydroxybenzyl )benzene, 2-(2'-
hydroxy-3',5'-di-tert-butylphenyl)-5-chlorobenzotriazole,
2-(2'-hydroxy-3',5'-di-tert-amylphenyl)-5-chlorobenzotriaz-
ole, 2,6-di-tert-butyl-p-cresol, pentaerythrityl tetrakis[3-(3,
5-di-tert-butyl-4-hydroxyphenyl)propionate],  etc.  The
amount of the UV absorbent to be added is preferably from 1
ppm to 1.0%, more preferably from 10 to 1000 ppm in terms
of the ratio by mass thereof in the entire cellulose acylate
laminate film.

(Release Promoter)

[0133] Preferably, the film of the invention contains a
release promoter from the viewpoint of further promoting the
releasability thereof. The release promoter may be in the film,
for example, in a ratio of from 0.001 to 1% by weight. Pref-
erably, the content is at most 0.5% by weight since the releas-
ing agent hardly separates from the film; and also preferably,
the content is at least 0.005% by weight since a required
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release reduction effect may be realized. Accordingly, pref-
erably, the content is from 0.005 to 0.5% by weight, more
preferably from 0.01 t0 0.3% by weight. The release promoter
may be any known one, including organic and inorganic acid
compounds, surfactants, chelating agents, etc. Above all,
polycarboxylic acids and their esters are effective; and ethyl
esters of citric acid are more effective.

[0134] Preferably, the film of the invention contains the
release promoter in the layer B stated below.

(Matting Agent)

[0135] Inthe film of the invention, at least one high-substi-
tution layer preferably contains a matting agent from the view
point of lubricity of the film and stable production. The mat-
ting agent may be an inorganic compound or an organic
compound.

[0136] Preferred examples of the matting agent of an inor-
ganic compound include silicon-containing inorganic com-
pounds (e.g., silicon dioxide, calcined calcium silicate,
hydrated calcium silicate, aluminium silicate, magnesium
silicate, etc.), titanium oxide, zinc oxide, aluminium oxide,
barium oxide, zirconium oxide, strontium oxide, antimony
oxide, tin oxide, tin-antimony oxide, calcium carbonate, talc,
clay, calcined kaolin, calcium phosphate, etc. More preferred
are silicon-containing inorganic compounds and zirconium
oxide. Particularly preferred is silicon dioxide since it can
reduce the haze of cellulose acylate films. As fine particles of
silicon dioxide, marketed productions can be used, including,
for example, AEROSIL R972, R972V, R974, R812, 200,
200V, 300, R202, OX50 and TT600 (all of them are manu-
factured by NIPPON AEROSIL CO., LTD.) etc. As fine par-
ticles of zirconium oxide, for example, those available in the
market under trade names of AEROSIL R976 and R811
(manufactured by NIPPON AEROSIL CO., LTD.) can be
used.

[0137] Preferred examples of the matting agent of an
organic compound include polymers such as silicone resins,
fluororesins, acrylic resins, etc. Above all, more preferred are
silicone resins. Of silicone resins, even more preferred are
those having a three-dimensional network structure. For
example, usable are commercial products of Tospearl 103,
Tospearl 105, Tospearl 18, Tospearl 120, Tospearl 145,
Tospearl 3120 and Tospear] 240 (all trade names by Toshiba
Silicone), etc.

[0138] When the matting agent is added to a cellulose acy-
late solution, any method is employable with no problem, as
long as it can produce a desired cellulose acylate solution. For
example, the additive may be added in the stage where a
cellulose acylate is mixed with a solvent; or the additive may
be added to a mixture solution prepared from a cellulose
acylate and a solvent. Further, the additive may be added to
and mixed with a dope just before the dope is cast, and this is
a so-called direct addition method, in which the ingredients
may be on-line mixed by screw kneading. Concretely, pre-
ferred is a static mixer such as an in-line mixer. As the in-line
mixer, for example, preferred is a static mixer, SWJ (Toray’s
static tubular mixer, Hi-Mixer, by Toray Engineering).
Regarding the mode of in-line addition, JP-A 2003-053752
describes an invention of a method for producing a cellulose
acylate film wherein, for the purpose of preventing concen-
tration unevenness and particle aggregation, the distance L
between the nozzle tip through which an additive liquid hav-
ing a composition differing from that of the main material
dope and the start end of an in-line mixer is controlled to be at
most 5 times the inner diameter d of the main material feeding
line, thereby preventing concentration unevenness and aggre-
gation of matting particles, etc. The patent reference discloses
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a more preferred embodiment, in which the distance (L)
between the nozzle tip opening through which an additive
liquid having a composition differing from that of the main
material dope and the start end of the in-line mixer is con-
trolled to be at most 10 times the inner diameter (d) of the
feeding nozzle tip opening, and the in-line mixer is a static
non-stirring tubular mixer or a dynamic stirring tubular mixer.
More concretely, the patent reference discloses that the flow
ratio of the cellulose acylate film main material dope/in-line
additive liquid is from 10/1 to 500/1, more preferably from
50/1 to 200/1. JP-A 2003-014933 discloses an invention of
providing a retardation film which is free from a trouble of
additive bleeding and a trouble of interlayer peeling and
which has good lubricity and excellent transparency; and
regarding the method of adding additives to the film, the
patent reference says that the additive may be added to a
dissolving tank, or the additive or a solution or dispersion of
the additive may be added to the dope being fed in the process
from the dissolving tank to a co-casting die, further describ-
ing that in the latter case, mixing means such as a static mixer
is preferably provided for the purpose of enhancing the mix-
ing efficiency therein.

[0139] Whenthe film of the invention has a structure of skin
A/core/skin B, the film preferably contains a matting agent in
at least one of the skin A layer and the skin B layer for the
purpose of enhancing the scratch resistance of the film by
reducing the friction coefficient on the film surface, and for
the purpose of preventing the film that is wide and long from
being creaked and folded while it is rolled up. More prefer-
ably, a matting agent is added to both the skin A layer and the
skin B layer of the film for the purpose of more effectively
enhancing the scratch resistance of the film and preventing
the film from being creaked.

[0140] In the film of the invention, the matting agent does
notincrease the haze of the film so far as a large amount of the
agent is not added to the film. In fact, when the film containing
a suitable amount of a matting agent is used in LCD, the film
hardly brings disadvantages of contract reduction and bright
spot formation. Not too small amount, the matting agent in the
film can realize the creaking resistance and the scratch resis-
tance of the film. From these viewpoints, the matting agent
content is preferably from 0.01 to 5.0% by weight, more
preferably from 0.03 to 3.0% by weight, even more preferably
from 0.05 to 1.0% by weight.

(Haze)

[0141] The cellulose acylate laminate film of the invention
preferably has a haze of less than 0.20%, more preferably less
than 0.15%, particularly preferably less than 0.10%. Having a
haze of less than 0.20%, the film can improve contrast ratio of
a liquid crystal display device incorporating it and the trans-
parency of the film is enough high to use as an optical film.

[Optical Properties of Film of the Invention]
(Re, Rth)

[0142] The in-plane retardation at a wavelength of 550 nm,
Re(550), of the film of the invention is the same as or larger
than the in-plane retardation at a wavelength of 440 nm,
Re(440), thereof; and preferably, Re(550) is larger than
Re(440). Having the wavelength dispersion characteristics of
retardation, the film of the invention is, when incorporated in
aliquid crystal display device, capable of solving the problem
of color shift in oblique observation of the display panel at the
time of black level of display.

[0143] Preferably, the thickness-direction retardation at a
wavelength of 550 nm, Rth(550) of the film of the invention is
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the same as or larger than the thickness-direction retardation
at a wavelength of 440 nm, Rth(440) thereof. from the view-
point of facilitating the resolution of the problem of color
shift; and more preferably, Rth(550) is larger than Rth(440)
from the viewpoint of more facilitating the resolution of the
problem of color shift.

[0144] Preferably, the film of the invention is a biaxial
optical compensatory film.

[0145] The biaxial optical compensatory film means that
nx, ny and nz of the optical compensatory film (in which nx
means the in-plane refractive index of the film in the slow-
axis direction, ny means the in-plane refractive index in the
direction perpendicular to nx, and nz means the refractive
index in the direction perpendicular to nx and ny) all differ
from each other. More preferably, in the invention, nx>ny>nz.
[0146] The film of the invention exhibiting biaxial optical
properties is preferred in point of solving the problem of color
shift when the film is incorporated in a liquid crystal display
device, especially in a VA-mode liquid crystal display device
and when the display panel is observed in oblique directions.
[0147] Preferably, the wavelength dispersion characteris-
tics of the in-plane retardation Re and the thickness-direction
retardation Rth of the film of the invention are higher at a
longer wavelength of visible light.

[0148] Visible light concretely has a wavelength of from
380 to 780 nm; and preferably, the film of the invention has
larger Re and Rth at a longer wavelength.

[0149] When the film of the type is incorporated in a liquid
crystal display device, it can more effectively reduce the color
shift in oblique observation of the display panel.

[0150] When the film of the invention is used as a retarda-
tion film, its retardation, Re and Rth may be suitably deter-
mined depending on the function of the optical film itself and
on the design of the liquid crystal cell to which the film is
applied. In general, it is preferable that the in-plane retarda-
tion at a wavelength of 590 NM, Re, satisfies 25
nm=|Rel=100nm; and the thickness-direction retardation at
awavelength of 650 nm, Rth, satisfies 50 nm=|Rth|=250 nm
from the viewpoint of applicability to a liquid crystal display
as a retardation film for optical compensation. More prefer-
ably, 30 nm=|Rel=80 nm, even more preferably 35
nm=|Rel=70 nm. Also preferably, 70 nm=|Rth/=240 nm,
more preferably 90 nm=IRth|=230 nm.

[0151] Re()r) and Rth(}) represent, herein, the retardation
in the plane and the retardation in the thickness direction,
respectively, at a wavelength of A. Re()) is measured with
KOBRA 21ADH or WR (by Oji Scientific Instruments) while
allowing light having the wavelength of A nm to enter in the
normal direction of a film.

[0152] With the in-plane slow axis (determined by KOBRA
21ADH or WR) taken as the inclination axis (rotation axis) of
the sample (in case where the sample has no slow axis, the
rotation axis of the sample may be in any in-plane direction of
the sample), Re()) of the sample is measured at 6 points in all
thereof, up to +50° relative to the normal line direction of the
sample at intervals of 10°, by applying a light having a wave-
length of A nm from the inclined direction of the sample.
[0153] With the slow axis taken as the inclination axis
(rotation axis) (in case where the sample has no slow axis, the
rotation axis of the sample may be in any in-plane direction of
the film), the retardation values of the sample are measured in
any inclined two directions; and based on the data and the
mean refractive index and the inputted thickness of the
sample, Rth may be calculated according to the following
formulae (A) and (B).

[0154] The mean refractive index may be used values
described in catalogs for various types of optical films. When
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the mean refractive index has not known, it may be measured
with Abbe refractometer. The mean refractive index for major
optical film is described below: cellulose acylate (1.48),
cycloolefin polymer (1.52), polycarbonate (1.59), polymeth-
vlmethacrylate (1.49), polystyrene (1.59).

[0155] By inputting the value of these average refraction
indices and thickness, KOBRA 21ADH or WR computes nx,
ny, nz. From the computed nx, ny, nz, Nz=(nx—nz)/(nx-ny) is
computed further.

2% d A
Re(9) = |nx - X X @)

sl (24| ool (527)

nx

i (S22

[0156] The above Re(B) represents the retardation in a
direction that inclines in the degree of 0 from the normal
direction; and d is a thickness of the film.

Rih={(nx+ny)/2-nz}xd (B)

[0157] In this, the mean refractive index n is needed as a
parameter, and it is measured with an Abbe refractiometer
(Atago’s Abbe Refractiometer 2-T).

(Nz Factor)

[0158] Nz factor may be suitably determined depending on
the function of the optical film itself and on the design of the
liquid crystal cell to which the film is applied. The film of the
invention preferably has an Nz factor represented by the
following formula (C) is at most 7, more preferably at most
5.5, particularly preferably at most 4.5. A preferred embodi-
ment of the invention is capable of improving wavelength
dispersion and lowering haze even when the Nz factor is low.

Nz factor=(Rth/Re)+0.5. ©

(Layer Constitution of Cellulose Acylate Film)

[0159] The film of the invention comprises a low-substitu-
tion layer that contains a cellulose acylate satisfying the
above formula (1) and a non-phosphate compound, and as
laminated on at least one face of the low-substitution layer, a
high-substitution layer that contains a cellulose acylate satis-
fying the above formula (2). In each layer, the degree of acyl
substitution of the cellulose acylate may be uniform, or dif-
ferent types of cellulose acylates may be in one layer as
combined; however, preferably, the degree of acyl substitu-
tion of the cellulose acylate in the individual layers is all
constant from the viewpoint of regulating the optical proper-
ties of the film.

[0160] In case where the film of the invention is produced
according to a solution casting method, preferably, the layer
in contact with the support (hereinafter this may be referred to
as a skin B layer) is the high-substitution layer and the other
layer is the low-substitution layer, from the viewpoint of
improving the releasability of the film from the support in the
solution casting method.

[0161] Preferably, the film of the invention has a three or
more multi-layered laminate structure from the viewpoint of
securing the dimensional stability and reducing the curling in
environmental humidity/temperature change. Also prefer-
ably, the high-substitution layer is on both faces of the low-
substitution layer from the viewpoint of broadening the lati-
tude in the step of realizing the desired optical properties of
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the film to be an optical compensatory film. More preferably,
the film of the invention has a three or more multi-layered
laminate structure, in which all the cellulose acylate con-
tained in at least one internal layer is the cellulose acylate
satisfying the above formulae (3) and (4), and all the cellulose
acylate contained in the two surface layers is the cellulose
acylate satisfying the above formulae (5) and (6). In the film
of the invention having a three or more multi-layered laminate
structure, the surface layer not in contact with the support in
the film formation may be referred to as a skin A layer.
[0162] Preferably, the film of the invention has a three-
layered structure of skin B layer/core layer/skin A layer. The
film of the invention having a three-layered structure may
have a constitution of high-substitution layer/low-substitu-
tion layer/high-substitution layer, or a constitution of low-
substitution layer/high-substitution layer/low-substitution
layer; but preferably, the film has a constitution of high-
substitution layer/low-substitution layer/high-substitution
layer from the viewpoint of the releasability of the film from
the support in solution-casting film formation and from the
viewpoint of the dimensional stability of the film.

[0163] In the film of the invention having a three-layered
structure, preferably, the cellulose acylate to be in both sur-
face layers is one having the same degree of acyl substitution
from the viewpoint of the production cost and the dimen-
sional stability of the film and from the viewpoint of reducing
the curling of the film in environmental humidity/heat
change.

(Film Thickness)

[0164] Preferably, the mean thickness of the core layer of
the film of the invention is from 30 to 100 pm, more preferably
from 30 to 80 um, even more preferably from 30 to 70 pum.
When the core layer has a mean thickness of at least 30 pum,
the handlability of the film is favorably good in producing the
film as a web. When the core layer has a mean thickness of at
most 70 pm, the film may readily follow the ambient humidity
change and may keep its optical properties.

[0165] Inthe film of the invention, the mean thickness of at
least one high substitution layer is preferably from 0.2% to
less than 25% of the mean thickness of the low substitution
layer. When it is at least 0.2%, then the releasability of the film
may be enough, and the film may have reduced troubles of
streaky surface unevenness, thickness unevenness and
uneven optical properties of the film; and when less than 25%,
the core layer may effectively exhibit its optical expressibility
and the laminate film can have satisfactory optical properties.
The mean thickness of at least one high substitution layer is
more preferably from 0.5 to 15% of the mean thickness of the
low substitution layer, even more preferably from 1.0 to 10%
of the mean thickness of the low substitution layer. Still more
preferably, the mean thickness of both the high substitution
layer and the low substitution layer is from 0.2% to less than
25% of the mean thickness of the core layer.

[0166] Preferably in the film of the invention, the mean
thickness of the low-substitution layer is from 30 to 100 pm,
and the mean thickness of at least one high-substitution layer
is from 0.2% to less than 25% of the mean thickness of the
low-substitution layer, from the viewpoint of the wavelength
dispersion characteristics of retardation of the film. More
preferably, the mean thickness of the low-substitution layer is
from 30 to 100 um, and the mean thickness of both high-
substitution layers is from 0.2% to less than 25% of the mean
thickness of the low-substitution layer.

[0167] Incase where the film of the invention has a three or
more multi-layered structure, preferably, the thickness of the
low-substitution layer (preferably, the thickness of the core
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layer) is from 30 to 70 um, more preferably from 30 to 60 um,
even more preferably from 30 to 50 pm.

[0168] In case where the film of the invention has a three or
more multi-layered structure, preferably, the thickness of the
high-substitution layer (preferably, the thickness of the sur-
face layer on both sides of the film) is from 0.5 to 20 um, more
preferably from 0.5 to 10 um, even more preferably from 0.5
to 3 pm.

[0169] The film of the invention may have a three-layered
laminate structure, in which the inner layer (core layer) may
be the above-mentioned low-substitution layer and the sur-
face layers (skin B layer and skin A layer) may be the above-
mentioned high-substitution layers. Preferably, the thickness
of the skin B layer and the skin A layer is smaller than that of
the core layer. The preferred condition of the thickness of the
surface layers may be the same as that in the film of the
invention having a three or more multi-layered structure.

(Film Width)

[0170] The film width of the film of the invention is pref-
erably from 700 to 3000 mm, more preferably from 1000 to
2800 mm, particularly preferably from 1500 to 2500 mm.
[0171] The film of the invention is also preferably the film
width thereof is from 700 to 3000 mm and ARe is at most 10
nm.

[Method for Producing Cellulose Acylate Laminate Film]

[0172] The method for producing the cellulose acylate
laminate film of the invention (hereinafter this may be
referred to as the production method of the invention) is
characterized by comprising a step of forming a cellulose
acylate laminate film by sequential casting or simultaneous
co-casting of a cellulose acylate solution for low-substitution
layer that contains a cellulose acylate satisfying the following
formula (1) and a non-phosphate compound, and a cellulose
acylate solution for high-substitution layer that contains a
cellulose acylate satisfying the following formula (2), and a
step of stretching the cellulose acylate laminate film at a
temperature of not lower than (Tg-30° C.) under the condi-
tion that the film contains the residual solvent in an amount of
at least 5% by mass of the film, wherein Tg means the glass
transition temperature of the cellulose acylate laminate film:

2.0<Z1<2.7, )

wherein 71 means the total degree of acyl substitution of the
cellulose acylate of the low-substitution layer,

2.7<72, 2

wherein 72 means the total degree of acyl substitution of the
cellulose acylate of the high-substitution layer.

[0173] The production method of the invention is described
in detail hereinunder.

[0174] Preferably, the cellulose acylate laminate film is
formed according to a solvent casting method. For production
examples for cellulose acylate film according to a solvent
casting method, referred to are 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, British Patents 640731 and
736892, IP-B 45-4554 and 49-5614, IP-A 60-176834,
60-203430 and 62-115035. The cellulose acylate film may be
stretched. For the method and the condition for stretching
treatment, referred to are, for example, JP-A 62-115035,
4-152125,4-284211, 4-298310, 11-48271.

[Casting Method]

[0175] The solution casting method includes a method of
uniformly extruding a prepared dope through a pressure die
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onto a metal support, a doctor blade method of regulating the
thickness of the dope once cast on a metal support, with a
blade, and a method with a reverse roll coater of regulating the
thickness with a reverse-rotating roll. Preferred is the method
with a pressure die. The pressure die includes a coat hanger-
type die, a T-die, etc. Any of these is favorably used herein.
Apart from the methods mentioned herein, any other various
known methods of forming a cellulose triacetate solution into
films are also employable. In consideration of the difference
in the boiling point of the solvent to be used, the conditions
may be set, and the same advantages as in the reference
publications can be attained here.

[0176] The film of the invention is produced in a process
comprising a step of forming a film by applying the cellulose
acylate solution (casting dope) for low-substitution layer that
contains a cellulose acylate satisfying the above formula (1)
and a non-phosphate compound, and the cellulose acylate
solution for high-substitution layer that contains a cellulose
acylate satisfying the above formula (2) onto a support, and a
step of stretching the resulting film.

[0177] In the production method of the invention, prefer-
ably, the viscosity at 25° C. of the cellulose acylate solution
for low-substitution layer is higher by at least 10% than the
viscosity at 25° C. of the cellulose acylate solution for high-
substitution layer, from the viewpoint of the cross-direction
distribution of the laminate film layers and of the aptitude for
production of the laminate film.

[Co-Casting]

[0178] Forformationofthe film of the invention, preferably
employed is a laminate casting method of a co-casting
method, a sequential casting method, a coating method or the
like. More preferred is a simultaneous co-casting method
from the viewpoint of stable production and production cost
reduction.

[0179] In case where the film of the invention is formed
according to a co-casting method or a sequential casting
method, first prepared is a cellulose acetate solution (dope)
for each layer. In the co-casting method (superimposition
simultaneous casting), casting dopes to be the constitutive
layers (three or more layers) are extruded out through a cast-
ing Giesser die of simultaneously extruding the dopes
through the respective slits onto a casting support (band or
drum), and simultaneously cast thereon, and then peeled off
from the support at a suitable time to give a film. FIG. 2is a
cross-sectional view showing the condition of simultaneous
extrusion and casting of a surface layer dope 1 and core layer
dopes 2 onto a casting support 4 through a co-casting Giesser
die 3, thereby forming three layers on the support.

[0180] In the sequential casting method, a casting dope for
the first layer is first extruded out and cast through a casting
Giesser die onto a casting support, and after it is dried or not,
a casting dope for the second layer is extruded out and cast
onto it through a casting Giesser die, and in that manner, if
desired, other dopes are cast and laminated on the previous
layer up to be three or more layers, and at a suitable time, the
resulting laminate is peeled off from the support and dried to
be a film. In the coating method, in general, a film of the core
layer is formed according to a solution casting method, then a
coating liquid to be the surface layer is prepared, and using a
suitable coating unit, the coating liquid is applied onto the
core film on one side thereof at a time or on both sides
simultaneously, and dried to give a laminate-structured film.
[0181] As the endlessly running metal support for use in
producing the film of the invention, usable is a drum of which
the surface is mirror-finished by chromium plating, or a stain-
less belt (band) of which the surface is mirror-finished by
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polishing. One or more pressure dies may be arranged above
the metal support. Preferably, one or two pressure dies are
arranged. In case where two or more pressure dies are
arranged, the dope to be cast may be divided into portions
suitable for the individual dies; or the dope may be fed to the
die at a suitable proportion via a plurality of precision meter-
ing gear pumps. The temperature of the cellulose acylate
solution to be case is preferably from -10 to 55° C., more
preferably from 25 to 50° C. In this case, the solution tem-
perature may be the same throughout the entire process, or
may differ in different sites of the process. In case where the
temperature differs in different sites, the dope shall have the
desired temperature just before cast.

[Stretching Treatment]

[0182] The production method of the invention includes a
step of stretching the formed cellulose acylate laminate film at
a temperature of not lower than (Tg-30° C.) under the con-
dition that the film contains the residual solvent in an amount
of at least 5% by mass of the film. As described in the above,
the optical compensatory film of the invention is character-
ized by having improved wavelength dispersion characteris-
tics of retardation; and the stretching treatment makes it pos-
sible to impart the optical property to the stretched film and to
impart the desired retardation thereto. The stretching direc-
tion of the cellulose acylate film may be preferably any of the
film traveling direction or the direction perpendicular to the
film traveling direction (cross direction). More preferably, the
film is stretched in the direction perpendicular to the film
traveling direction (cross direction) from the viewpoint of the
subsequent process of using the film for producing a polar-
izer.

[0183] The method of stretching in the cross direction is
described, for example, in JP-A 62-115035, 4-152125,
4-284211, 4-298310, 11-48271. For the machine-direction
stretching, for example, the speed of the film conveyor rollers
is regulated so that the film winding speed could be higher
than the film peeling speed whereby the film may be
stretched. For the cross-direction stretching, the film is con-
veyed while held by a tenter at the sides thereof and the tenter
width is gradually broadened, whereby the film can be
stretched. After dried, the film may be stretched with a
stretcher (preferably for monoaxial stretching with a long
stretcher).

[0184] The draw ratio in stretching of the film of the inven-
tion is preferably from 5% to 200%, more preferably from
10% to 100%, even more preferably from 20% to 50%.
[0185] In case where the cellulose acylate film is used as a
protective film for a polarizing element, the transmission axis
of the polarizing element must be in parallel to the in-plane
slow axis of the cellulose acylate film so as to prevent the light
leakage in oblique directions to the polarizer. The transmis-
sion axis of the roll film-type polarizing element that is pro-
duced continuously is generally parallel to the cross direction
of the roll film, and therefore, in continuously sticking the roll
film-type polarizing element and a protective film of a roll
film-type cellulose acylate film, the in-plane slow axis of the
roll film-type protective film must be parallel to the cross
direction of the film. Accordingly, the film is preferably
stretched to alarger extend in the cross direction. The stretch-
ing treatment may be attained during the course of the film
formation process, or the wound film may be unwound and
stretched. In the production method of the invention, the film
is stretched while it contains the residual solvent therein, and
therefore the film is preferably stretched during the course of
the film formation process.

[Drying]
[0186] Preferably, the production method of the invention
includes a step of drying the cellulose acylate laminate film
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and a step of stretching the dried cellulose acylate laminate
film at a temperature not lower than (Tg-10° C.), from the
viewpoint of enhancing the retardation of the film.

[0187] Fordrying the dope onametal supportin production
of a cellulose acylate film, generally employable is a method
of applying hot air to the surface of the metal support (drum
or belt), or that is, on the surface of the web on the metal
support; a method of applying hot air to the back of the drum
or belt; or a back side liquid heat transfer method that com-
prises contacting a temperature-controlled liquid with the
opposite side of the dope-cast surface of the belt or drum, or
that is, the back of the belt or drum to thereby heat the belt or
drum by heat transmission to control the surface temperature
thereof. Preferred is the backside liquid heat transfer method.
The surface temperature of the metal support before the dope
is cast thereon may be any degree so far as it is not higher than
the boiling point of the solvent used in the dope. However, for
promoting the drying or for making the dope lose its flowabil-
ity on the metal support, preferably, the temperature is set to
be lower by from 1 to 10° C. than the boiling point of the
solvent having the lowest boiling point of all the solvents in
the dope. In case where the cast dope is peeled off after cooled
but not dried, then this shall not apply thereto.

[0188] For controlling the thickness of the film, the solid
concentration in the dope, the slit gap of the die nozzle, the
extrusion pressure from the die, and the metal support speed
may be suitably regulated so that the formed film could have
a desired thickness.

[0189] Produced in the manner as above, the length of the
cellulose acylate film is preferably from 100 to 10000 m per
roll, more preferably from 50 to 7000 m, even more prefer-
ably from 1000 to 6000 m. In winding the film, preferably, at
least one edge thereof is knurled, and the knurling width is
preferably from 3 mm to 50 mm, more preferably from 5 mm
to 30 mm, and the knurling height is preferably from 0.5 to
500 pm, more preferably from 1 to 200 pm. This may be
one-way or double-way knurling.

[0190] In general, in large-panel display devices, contrast
reduction and color shift may be remarkable in oblique direc-
tions; and therefore the film of the invention is especially
suitable for use in large-panel display devices. In case where
the film of the invention is used as an optical compensatory
film for large-panel liquid crystal display devices, for
example, the film is shaped to have a width of at least 1470
mm. The optical compensatory film of the invention includes
not only film sheets cut to have a size that may be directly
incorporated in liquid crystal display devices but also long
films continuously produced and rolled up into rolls. The
optical compensatory film of the latter embodiment is stored
and transported in the rolled form, and is cut into a desired
size when it is actually incorporated into a liquid crystal
display device or when it is stuck to a polarizing element or
the like. The long film may be stuck to a polarizing element
formed of a long polyvinyl alcohol film directly as they are,
and then when this is actually incorporated into a liquid
crystal display device, it may be cut into a desired size. One
embodiment of the long optical compensatory film rolled up
into a roll may have a length of 2500 m/roll or more.

[Polarizer]

[0191] The invention also relates to a polarizer comprising
at least one film of the invention,

[0192] Preferably, the polarizer of the invention comprises
a polarizing element and the film of the invention on one face
of the polarizer. Like that of the optical compensatory film of
the invention, the embodiment of the polarizer of the inven-
tion may include not only polarizers in the form of film sheets
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cut to have a size that may be directly incorporated in liquid
crystal display devices but also polarizers in the form of long
films continuously produced and rolled up into rolls (for
example having a length of at least 2500 m/roll or at least
3900 m/roll). For use in large-panel liquid crystal display
devices, the width of the polarizer is preferably at least 1470
mm as so mentioned in the above.

[0193] The concrete constitution of the polarizer of the
invention is not specifically defined, for which, therefore, any
known constitution is employable. For example, the consti-
tution of FIG. 6 in JP-A 2008-262161 is employable.

[Liquid Crystal Display Device]

[0194] The invention also relates to a liquid crystal display
device comprising the polarizer of the invention.

[0195] The liquid crystal display device of the invention is
a liquid crystal display device, preferably an IPS, OCB or
VA-mode liquid crystal display device comprising a liquid
crystal cell and a pair of polarizers arranged on both sides of
the liquid crystal cell, in which at least one of the polarizers is
the polarizer of the invention.

[0196] The concrete constitution of the liquid crystal dis-
play device of the invention is not specifically defined, for
which, therefore, any known constitution is employable. One
example of the constitution is in FIG. 1. The constitution of
FIG. 2 in JP-A 2008-262161 is also preferably employable
herein.

Examples

[0197] The invention is described more concretely with
reference to the following Examples. In the following
Examples, the materials, the reagents and the substances
used, their amount and ratio, the details of the treatment and
the treatment process may be suitably modified or changed
not overstepping the sprit and the scope of the invention.
Accordingly, the invention should not be imitatively inter-
preted by the Examples mentioned below.

(Preparation of Cellulose Acylate)
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and its degree of substitution was measured. Concretely, as a
catalyst, sulfuric acid was added in an amount of 7.8 parts by
mass relative to 100 parts by mass of cellulose, and a carboxy-
lic acid as a material for the acyl group was added for acyla-
tion at 40° C. In this process, the type and the amount of the
carboxylic acid were controlled to thereby control the type
and the degree of acyl substitution. After the acylation, the
product was ripened at 40° C. The low-molecular-weight
ingredient of the cellulose acylate was washed away with
acetone.

(Preparation of Cellulose Acylate Solutions “C01” to “C20”
for Low-Substitution Layer)

[0199] The following composition was put into a mixing
tank and stirred to dissolve the ingredients, thereby preparing
acellulose acylate solution. The amount of the solvent (meth-
ylene chloride and methanol) was suitably controlled so that
the solid concentration in the cellulose acylate solution could
be as in Table 1 below.

Cellulose acetate (degree of substitution 2.45) 100.0 mas. pts.

Compound A 18.5 mas. pts.

Methylene chloride 365.5 mas. pts.

Methanol 54.6 mas. pts.
[0200] Theother cellulose acylate solutions for low-substi-

tution layer were prepared in the same manner as that for
“C017, for which, however, the type of the acyl group and the
degree of acyl substitution of cellulose acylate, and the
amount and the type of the additives were changed as in Table
1 below. The solid concentration and the viscosity of the

[0198] According to the method described in JP-A  thus-obtained cellulose acylate solutions for low-substitution
10-45804 and 08-231761, a cellulose acylate was produced, layer are shown in Table 1 below.
TABLE 1
Cellulose Acvlate Solution
Solution  Degree of Additive 1 Additive 2 Concentration  Viscosity
No. Substitution (mas.pt.) Compound (mas.pt.) Compound (mas. pt.) (mas. %) (Pa-s)
C01 245 160 A 18.5 — — 22 60
Cco2 245 160 A 15 — — 22 65
Co3 245 100 A 20 — 22 55
Co4 245 160 A 18.5 (I-2) 1.5 22 55
Co3 245 160 A 18.5 (I-2) 22 50
Co6 245 100 B 20 — — 22 60
Co7 245 100 C 20 — — 22 60
Co8 2.55 160 A 18.5 — — 22 60
Cco9 2.35 100 A 18.5 — 22 60
C10 2.45 100 TPP 11 BDP 7.5 22 60
Cl11 2.79 100 A 185 — — 22 60
C12 245 100 D 19 — — 22 60
C13 245 100 D 15 — — 22 65
C14 245 100 E 20 — — 22 55
C15 245 100 E 15 — — 22 65
Clé CAP2.45 100 D 19 — — 22 55
C17 245 100 D 19 (1-2) 2 22 60
C18 2.45 100 D 19 1-2) 2.5 22 60
C19 CAP2.1 100 F 25 — — 22 50
C20 CAP2.1 100 F 25 — — 22 50
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[0201] In Table 1 above, Compound A is terephthalic acid/
phthalic acid/adipic acid/succinic acid/ethylene glycol
copolymer (copolymerization ratio=22.5/2.5/10/15/50 [mol.
%]). Compound B is terephthalic acid/phthalic acid/adipic
acid/ethylene glycol copolymer (copolymerization ratio=22.
5/2.5/25/50 [mol. %]). Compound C is adipic acid/succinic
acid/ethylene glycol copolymer (copolymerization ratio=25/
25/50 [mol. %]). Compound D is terephthalic acid/succinic
acid/propylene glycol/ethylene glycol copolymer (copoly-
merization ratio=27.5/22.5/25/25 [mol. %]). Compound E is
terephthalic acid/phthalic acid/succinic acid/propylene gly-
col/ethylene glycol copolymer (copolymerization ratio=22.
5/2.5/25/37.5/12.5 [mol. %]). Compounds A to E are all non-
phosphate compounds and are retardation enhancers.
Compounds A to D are acetyl-terminated; and Compound E
1s not blocked at the terminals. Compound F is a non-phos-
phate compound, Wako Pure Chemicals’ 1,2,3.4,6-penta-O-
acetyl-f-D-glucopyranose. Compound (I-2) is shown below,
which is given in JP-A 2008-262161 as an example of the
structure of a retardation enhancer. TPP is triphenyl phos-
phate. BDP is biphenyldiphenyl phosphate.

[0202] InTable1, CAP2.45is cellulose acetate propionate
having a degree of acetyl substitution of 2.37 and a degree of
propionyl substitution of 0.8; CAP 2.1 is cellulose acetate
propionate having a degree of acetyl substitution of 1.6 and a
degree of propionyl substitution of 0.5.
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[0203] Preparation of Cellulose Acylate Solutions “S01” to
“S13” for High-Substitution Layer)

[0204] The following composition was put into a mixing
tank and stirred to dissolve the ingredients, thereby preparing
acellulose acylate solution. The amount of the solvent (meth-
ylene chloride and methanol) was suitably controlled so that
the solid concentration in the cellulose acylate solution could
be as in Table 2 below.

Cellulose acetate (degree of substitution 2.79) 100.0 mas. pts.

Triphenyl phosphate 6.0 mas. pts.
Diphenylbiphenyl phosphate 5.0 mas. pts.
Silica fine particles R972 (by Nippon Aerosil) 0.15 mas. pts.
Methylene chloride 395.0 mas. pts.
Methanol 59.0 mas. pts.
[0205] The other cellulose acylate solutions for high-sub-

stitution layer were prepared in the same manner as that for
“S017, for which, however, the degree of substitution of cel-
lulose acylate, and the amount and the type of the additives
were changed as in Table 2 below. The solid concentration
and the viscosity of the thus-obtained cellulose acylate solu-
tions for high-substitution layer are shown in Table 2 below.

TABLE 2
Cellulose Acylate Silica Fine Solid
Solution  Degree of Additive 1 Additive 2 Particles  Concentration ~ Viscosity
No.  Substitution (mas.pt) Compound (mas.pt) Compound (mas.pt.) (mas.pt.) (mas. %) (Pa-s)
S01 2.79 100 TPP 6 BDP 5 0.15 19.7 40
S02 2.79 100 A 11 — — 0.15 19.7 40
S03 2.79 100 A 185 — — 0.15 19.7 30
S04 2.87 100 A 11 — — 0.15 19.7 30
S05 2.93 100 A 11 — — 0.15 19.7 30
S06 2.79 100 A 185 — — — 19.7 30
S07 2.79 100 B 11 — — 0.15 19.7 40
S08 2.79 100 C 11 — — 0.15 19.7 40
S09 2.79 100 D 11 — — 0.15 19.7 40
S10 2.79 100 D 19 — — 0.15 20 30
S11 2.79 100 E 11 — — 0.15 19.7 40
S12 2.79 100 F 11 — — 0.15 19.7 40
S13 2.79 100 F 11 — — 0.15 19.7 40

Compound (I-2)

CH;

H;C NY

OCH;

EXAMPLES AND COMPARATIVE EXAMPLES
Preparation of Cellulose Acylate Samples

[0206] The cellulose acylate solution for low-substitution
layer was cast to give a core layer having the thickness shown
in Table 3, and the cellulose acylate solution for high-substi-
tution layer was to give a skin A layer and a skin B layer each
having the thickness shown in Table 3. The formed web (film)
was peeled off from the band, held between clips, and later-
ally stretched under the condition shown in Table 3 below
while the residual solvent amount therein was from 5 to 20%
by mass of the film. Next, the clips were removed from the
film, the film was dried at 130° C. for 20 minutes, and then
again laterally stretched with a tenter under the condition
shown in Table 3 below.

[0207] The residual solvent amount was computed accord-
ing to the following formula:

Residual Solvent Amount (mas. %)={(M-N)/N}x100
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wherein M is the mass of wet at an indefinite time, N is the
mass of the web dried at 120° C. for 2 hours after its M was
measured.

[0208] Tg (glass transition temperature) of the formed film
was measured as follows: A sample of 5 mmx30 mm was
conditioned at 25° C. and 60% RH for 2 hours or more. Using
a dynamic viscoelastic analyzer DVA-225 (by IT Instrument
& Control) with a grip distance of 20 mm and at a frequency
of 1 Hz, the sample was analyzed and the temperature at tan
d at which the storage modulus (E') and the loss modulus (E")
thereof were replaced with each other was read, and this was
Tg. The obtained results are shown in Table 3 below.
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Comparative Example 4

[0210] The film sample No. 21 in JP-A 2003-33998 was
produced according to the method described in the publica-
tion. The conditions not described in the publication were the
same as in Example 18 herein. The film of Comparative
Example 4 is a laminate film that comprises cellulose acetate
having a degree of substitution of 2.65 as the core layer, in
which, however, the surface layer comprises cellulose acetate
having a degree of substitution of 2.65 but falling outside the
scopeofformula (2) ofthe present invention, and in which the
core layer does not contain a non-phosphate compound.

TABLE 3
Core Layer Skin A Layer Skin B Layer Stretching Re-Stretching
Constitution Constitution Constitution Condition Condition

Thickness Thickness Thickness Tg  Temperature Draw Temperature Draw
Sample No.  Solution () Solution  (um)  Solution  (um) °c) °c) Ratio (°Cy Ratio
Example 1 C01 56 S01 2 S01 2 180 140 1.07 180 1.19
Example 2 C01 56 S02 2 S02 2 180 140 1.07 180 1.19
Example 3 C01 56 S06 2 S06 2 175 140 1.07 180 1.19
Example 4 C01 56 S03 2 S03 2 175 140 1.07 180 1.19
Example 5 C02 54 S02 2 S02 2 185 140 1.08 175 1.19
Example 6 Co3 58 S02 2 502 2 175 140 1.06 185 1.18
Example 7 Co4 46 S02 2 S02 2 175 140 1.07 180 1.21
Example 9 C06 58 S02 2 S02 2 175 140 1.07 180 1.19
Example 10 Co7 58 S02 2 502 2 175 140 1.07 180 1.19
Example 11 C08 61 S02 2 502 2 178 140 1.07 180 1.26
Example 12 C09 51 S02 2 S02 2 182 140 1.07 180 1.12
Example 13 C01 56 S04 2 S04 2 180 140 1.07 180 1.19
Example 14 C01 56 S05 2 S05 2 180 140 1.07 180 1.19
Example 15 C01 56 no — 502 2 180 140 1.07 180 1.19
Example 16 C01 52 S02 4 502 4 180 140 1.07 180 1.19
Example 17 C01 54 S02 2 502 4 180 140 1.07 180 1.19
Example 18 C01 56 S02 2 502 2 180 180 1.27 — —
Comparative Cl11 56 S02 2 502 2 182 140 1.07 180 1.19
Example 1
Comparative C10 56 S01 2 S01 2 178 140 1.07 180 1.19
Example 2
Comparative According to the condition in Example 1 in JP-A 8-207210.
Example 3
Comparative According to the condition for Sample 21 in Example 1 in JP-A 2003-33998.
Example 4
Comparative According to the condition in Example 2 in Japanese Patent 3459779.
Example 5
Example 21 C12 56 S09 2 S09 2 175 140 1.08 180
Example 22 C12 56 S10 2 S10 2 175 140 1.08 180
Example 23 C13 56 S09 2 S09 2 180 140 1.08 180 2
Example 24 Cl14 56 S11 2 S11 2 175 140 1.08 180 1.2
Example 25 C15 56 S11 2 S11 2 180 140 1.08 180 1.2
Example 26 Cl16 56 S02 2 502 2 175 140 1.08 180 1.2
Example 27 C17 56 S09 2 S09 2 175 140 1.08 180 1.2
Example 28 C18 56 S09 2 S09 2 175 140 1.08 180 1.2
Example 29 C12 114 S09 2 S09 2 180 170 1 180 1.24
Example 30 C12 136 S09 2 S09 2 180 170 1 180 1.22
Example 31 C12 144 S09 2 S09 2 180 170 1 170 1.15
Example 32 C19 110 S12 2 S09 2 170 130 1.2 170 1.04
Example 33 C20 80 S13 2 S09 2 170 130 13 — —

Comparative Example 3 Comparative Example 5

[0209] The film sample of Example 1 in JP-A 8-207210 [0211] The film sample of Example 2 in Japanese Patent

was produced according to the method described in the pub-
lication. The conditions not described in the publication were
the same as in Example 18 herein. The film of Comparative
Example 3 is a laminate film that comprises cellulose acetate
having a degree of substitution of 2.5 as the core layer and
cellulose acetate having a degree of substitution of 2.9 as the
surface layer, in which, however, the core layer does not
contain a non-phosphate compound.

3459779 was produced according to the method described in
the publication. The conditions not described in the publica-
tion were the same as in Example 18 herein. The film of
Comparative Example 5 is a single-layer film that comprises
cellulose acetate having a degree of substitution of 2.534 and
anon-phosphate compound, dibutyl phthalate (compound (a)
in Table 4 below); however, this does not have a high-substi-
tution layer.
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[0212] Concrete constitutions of the film samples of
Examples and Comparative Examples are shown in Table 4
below. In Table 4 below, Compound E-15 used in Compara-
tive Example 4 is acompound described in JP-A 2003-33998,
and its structure is shown below. Compound (a) used in Com-
parative Example 5 is dibutyl phthalate.

Compound E-15:
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<Haze of Film>

[0214] Thehaze was measured as follows: The film sample
of 40 mmx80 mm was coated with liquid paraffin on both
sides thereof, and sandwiched between glass sheets. Using a
haze meter (HGM-2DP, by Suga Test Instruments) at 25° C.
and a relative humidity of 60%, the sample was analyzed
according to JISK-6714. The data of the liquid paraffin alone
withno film sandwiched and the glass sheet are the blank. The
obtained results are shown in Table 5 below.

I
¢c—0 <Retardation of Film>
[0215] Using an automatic birefringence meter KOBRA-
WR (by Oji Test Instruments), the film sample was analyzed
Cc—0 . . . X
I for three-dimensional birefringence thereof at a wavelength
0 of 440 nm, 550 nm, 590 nm and 630 nm, and the in-plane
retardation Re(h) (A means the wavelength) of the film
sample was determined. Re was measured at different tilt
TABLE 4
Constitution of Core Layer Constitution of Sin A Layer/Skin B layer Thickness
Degree of Additive 1 Additive 2 Degree of Additive 1 _ Additive 2 Silica Core SkinA Skin B
Acyl (mas (mas. Acyl (mas. (mas. (mas. Layer Layer Layer
Sample No. Substitution ~ Compound pt)  Type  pt.) Substitution  Type pt) Type pt) pt) (um) (um) (um)
Example 1 245 A 185 — — 2.79 TPP 6 BDP 5 0.15 56 2 2
Example 2 245 A 185 — — 2.79 A 113 — — 015 56 2 2
Example 3 245 A 185 — — 2.79 A 113 — — — 56 2 2
Example 4 245 A 185 — — 2.79 A 185 — — 015 56 2 2
Example 5 245 A 15 — — 2.79 A 113 — — 015 54 2 2
Example 6 245 A 20 — 2.79 A 113 — — 015 58 2 2
Example 7 245 A 185 (I-2) 1.5 2.79 A 113 — — 015 46 2 2
Example 9 245 B 20 — — 2.79 A 113 — — 015 58 2 2
Example 10 245 C 20 — — 2.79 A 113 — — 015 58 2 2
Example 11 2.55 A 185 — — 2.79 A 113 — — 015 61 2 2
Example 12 2.35 A 185 — — 2.79 A 113 — — 015 51 2 2
Example 13 245 A 185 — — 2.93 A 113 — — 015 56 2 2
Example 14 245 A 185 — — 2.87 A 113 — — 015 56 2 2
Example 15 245 A 185 — — 2.79 A 113 — — 015 56 — 2
Example 16 245 A 185 — — 2.79 A 113 — — 015 52 4 4
Example 17 245 A 185 — — 2.79 A 113 — — 015 54 2 4
Example 18 245 A 185 — — 2.79 A 113 — — 015 56 2 2
Comparative 2.79 A 185 — — 2.79 A 113 — — 015 56 2 2
Example 1
Comparative 245 TPP 11 BDP 7.5 2.79 TPP 6 BDP 5 0.15 56 2 2
Example 2
Comparative 2.5 TPP 10 — — 29 TPP 13 — — — 58 25 235
Example 3
Comparative 2.65 E-15 — — — 2.65 — — — — 02 25 4 4
Example 4
Comparative 2.534 (a) 3 — — no 60 10
Example 5
Example 21 245 D 19 — — 2.79 D 19 — — 015 56 2 2
Example 22 245 D 19 — — 2.79 D 11 — — 015 56 2 2
Example 23 245 D 15 — — 2.79 D 11 — — 015 56 2 2
Example 24 245 E 20 — — 2.79 E 11 — — 015 56 2 2
Example 25 245 E 15 — — 2.79 E 11 — — 015 56 2 2
Example 26 CAP 2.45 D 19 — — 2.79 D 11 — — 015 56 2 2
Example 27 245 D 19 12 2 2.79 D 11 — — 015 56 2 2
Example 28 245 D 19 12 2.5 2.79 D 11 — — 015 56 2 2
Example 29 245 D 19 — — 2.79 D 11 — — 015 114 2 2
Example 30 245 D 19 — — 2.79 D 11 — — 015 140 2 2
Example 31 245 D 19 — — 2.79 D 11 — — 015 148 2 2
Example 32 CAP 2.1 F 25 — — 2.79 F 11 — — 015 110 2 2
Example 33 CAP 2.1 F 25 — — 2.79 F 11 — — 015 80 2 2
[0213] The films of Examples and Comparative Examples angles, and the thickness-direction retardation Rth(h) (A

were analyzed and evaluated for the properties thereof in the
manner mentioned below.

means the wavelength) of the film sample was determined.
The data of Re and Rth at varying wavelengths of the film
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samples are shown in Table 5 below. The value of Re(630)-
Re(440) and the value of Rth(630)-Rth(440) of each film
sample are also in Table 5.
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[0218] Thehaze of the film of Comparative Example 4 was
low in some degree; however, the retardation expression in
the film was seriously poor, and the haze of the film was high.

TABLE 5
Re(630)-  Rth(630) -
Re(440) Re(550) Re(590) Re(630) Rth(440) Rth(550) Rth(590) Rth(630) Re(440)  Rth(440)  Thickness
Sample No. (nm) (nm) (nm) (nm) (nm) (nm) (nm) (nm) (nm) (nm) (um) Haze
Example 1 50.0 52.0 530 535 1119 117.0 118.0 119.0 3.5 7.1 59 015
Example 2 520 54.0 5350 555 113.8 119.0 120.0 121.0 3.5 7.2 60 009
Example 3 51.0 53.0 540 544 113.8 119.0 120.0 121.0 3.4 7.2 60 006
Example 4 520 54.0 5350 555 114.8 120.0 121.0 122.0 3.5 7.2 60 007
Example 5 520 54.0 5350 555 113.8 119.0 120.0 121.0 3.5 7.2 58 011
Example 6 520 54.0 5350 555 113.8 119.0 120.0 121.0 3.5 7.2 62 008
Example 7 537 54.5 550 552 118.9 121.0 122.0 1225 15 3.6 50 009
Example 9 520 53.0 5350 555 114.0 119.0 120.0 121.0 3.5 7.0 62 008
Example 10 520 54.0 5350 555 113.8 119.0 120.0 121.0 3.5 7.2 62 008
Example 11 495 51.0 520 525 1115 116.0 117.0 118.0 3.0 6.5 65 009
Example 12 54.0 56.0 570 517 116.0 121.0 122.0 123.3 3.7 7.3 55 009
Example 13 490 51.0 52, 53.0 115.0 121.0 122.0 123.0 4.0 8.0 60 009
Example 14 53.1 55.0 560 568 113.5 119.0 120.0 121.0 3.7 7.5 60 009
Example 15 525 54.0 550 555 115.2 120.0 121.0 122.0 3.0 6.8 58 009
Example 16 515 53.5 5350 555 113.2 119.0 120.0 1213 4.0 8.1 60 009
Example 17 519 53.8 550 556 113.6 119.0 120.0 121.2 3.7 7.6 60 009
Example 18 470 489 500 505 1183 124.0 123.0 125.5 3.5 7.2 60 015
Comparative 18.9 19.35 200 200 88.3 89.5 90.0 90.5 1.1 2.2 60 04
Example 1
Comparative 470 489 500 505 1113 117.0 118.0 118.5 3.5 7.2 60 04
Example 2
Comparative 37.0 39.0 400 400 115.0 119.0 120.0 121.0 3.0 6.0 63 1.0
Example 3
Comparative 32,0 31.0 300 300 86.0 82.0 80.0 80.0 -2.0 -6.0 33 08
Example 4
Comparative 36.0 39.0 400 420 132.0 139.0 140.0 142.0 6.0 10.0 60 15
Example 5
Example 21 520 54.0 550 555 113.8 119.0 120.0 121.0 3.5 7.2 60 0.09
Example 22 51.0 53.0 540 544 113.8 119.0 120.0 121.0 34 7.2 60 006
Example 23 520 54.0 550 555 114.8 120.0 121.0 122.0 3.5 7.2 60 007
Example 24 520 54.0 550 555 113.8 119.0 120.0 121.0 3.5 7.2 60 0.09
Example 25 51.0 53.0 540 544 113.8 119.0 120.0 121.0 34 7.2 60 006
Example 26 52,0 54.0 530 555 114.8 120.0 121.0 122.0 3.5 7.2 60 007
Example 27 53.0 54.0 545 545 117.0 119.0 120.0 120.6 15 3.6 60 0.09
Example 28 53.0 53.0 530 530 119.0 119.0 119.0 119.0 0.0 0.0 60 009
Example 29 67.0 70.0 705 710 193.0 200.0 202.0 203.0 4.0 10.0 118 01
Example 30 67.0 70.0 710 715 220.5 230.0 231.5 2325 4.5 12.0 140 012
Example 31 77.0 80.0 80.5  8L0 271.0 280.0 282.0 282.5 4.0 115 148 014
Example 32 77.0 81.0 82. 83.0 271.0 282.0 283.0 284.0 4.5 13.0 114 015
Example 33 67.0 70.0 710 715 220.0 230.0 232.0 233.0 4.5 13.0 84 019
[0216] As in Table 5 above, the cellulose acylate laminate [0219] Thehaze of the film of Comparative Example 5 was
films of Examples of the invention all had a low haze, and  high.
their Re(550) was equal to or larger than Re(440). Ata longer [0220] From the results of Example 13 and Example 16, it

wavelength, their Re and Rth did not decrease, and they had
good wavelength dispersion characteristics of retardation,
and in addition, their retardation expression was good. Except
that of Example 28, all the cellulose acylate laminate films of
Examples had a low haze, and their Re(550) was larger than
Re(440). At alonger wavelength, their Re and Rth increased,
and they had good wavelength dispersion characteristics of
retardation, and in addition, their retardation expression was
good. On the other hand, in the film of Comparative Example
1, in which the cellulose acylate of the core layer has a high
degree of substitution, the retardation expression was low;
and the value of Re(630})-Re(440) of the comparative film,
which indicates the wavelength dispersion characteristics of
retardation of the film, was small. In the film of Comparative
Example 2 in which the core layer contained phosphate com-
pounds TPP and BDP, the retardation expression was insuf-
ficient, and the haze of the film was high.

[0217] In the film of Comparative Example 3, the retarda-
tion expression was also insufficient, and the haze of the film
was high.

1s known that, in the constitution of the invention, the wave-
length dispersion characteristics of retardation can be inde-
pendently controlled by controlling the degree of substitution
of the cellulose acylate of the skin layer and controlling the
thickness of the skin layer itself, not significantly changing
the retardation expressibility of the film. From the character-
istics of the film, it is known that the cellulose acylate lami-
nate film of the invention is greatly useful in making the film
compatible with the liquid crystal cell in a liquid crystal
display device in point of the wavelength dispersion charac-
teristics of retardation thereof.

<Production of Polarizer Sample>

[0221] The surface of the cellulose acylate laminate film of
Examples and Comparative Examples produced in the above
was alkali-saponified. Briefly, the film was dipped in an aque-
ous 1.5 N sodium hydroxide solution at 55° C. for 2 minutes,
then washed in a washing bath at room temperature, and
neutralized with 0.1 N sulfuric acid at 30° C. Again this was
washed in a washing bath at room temperature, and dried with
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hotairat 100° C. On the other hand, a roll of polyvinyl alcohol
film having a thickness of 80 um was unrolled and continu-
ously stretched by 5 times in an aqueous iodine solution, and
dried to give a polarizing element having a thickness of 20
um. Using an aqueous 3% solution of polyvinyl alcohol
(Kuraray’s PVA-117H) serving as an adhesive, the alkali-
saponified cellulose acylate laminate film of Examples and
Comparative Examples was stuck to a film of Fuyjitac
TDSOUL (by FUJIFILM) that had been alkali-saponified in
the same manner as above, with the polarizing element sand-
wiched therebetween and with the saponified faces of the two
films kept facing each other, thereby constructing a polarizer
of the cellulose acylate laminate film of Examples and Com-
parative Examples, the polarizing element, and TDS8OUL
laminated in that order. In this, the MD direction of the cel-
lulose acylate laminate film and the slow axis of TD8OUL
were kept in parallel to the absorption axis of the polarizing
element.

<Production of Liquid Crystal Display Device>

[0222] On both sides of a VA-mode liquid crystal TV
(LCD-40MZW 100, by Mitsubishi), the polarizers and the
retarders were peeled off, and the resulting liquid crystal cell
was used here. As in FIG. 1, an outer protective film (not
shown), the polarizing element 11, the cellulose acylate lami-
nate film 14 of Examples and Comparative Examples shown
in Table 6 below, the liquid crystal cell 13 (above-mentioned
VA-mode liquid crystal cell), the optically anisotropic film
(Fujitac TD8OUL) 15, the polarizing element 12, and an outer
protective film (not shown) were stuck in that order with an
adhesive, thereby producing a liquid crystal display device of
Examples and Comparative Examples. In this, the absorption
axes of the upper and lower polarizers were kept perpendicu-
lar to each other. In Examples 29 and 33, the cellulose acylate
laminate film of the invention was on the front side (panel
side), and the rear-side cellulose acylate film was FUJIIF-
ILM’s Fujitac TD8OUF; in Example 30, the front-side cellu-
lose acylate film was Fujitac TD80UF, and the cellulose acy-
late laminate film was used on the rear side; in Examples 31
and 32, FUIIFILM’s Zerotac ZRF80 was used on the front
side, and the cellulose acylate laminate film of the invention
was on the rear side.

<Evaluation of Liquid Crystal Display Device>
(Evaluation of Panel Color Shift and Viewing Angle)

[0223] In the VA-mode liquid crystal display device pro-
ducedinthe above, abacklight was arranged on the side of the
polarizing element 11 in FIG. 1. Using a tester (EZ-Contrast
X188, by ELDIM), the brightness and the chromaticity at the
time of black level and white level of display were measured
in a dark room; and the color shift at the time of black level of
display and the contrast ratio (CR) were computed.

(Contrast Ratio)

[0224] The found data were evaluated according to the
following criteria.

A: At least 3000, and this is favorable for practical use.

B: From 2000 to less than 3000, and this brings about no
problem in practical use.

C: From 1500 to less than 2000, and this is on a practicable
level.

D: Less than 1500, and this is problematic in practical use.

[0225] The obtained results are shown in Table 6 below.
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(Viewing Angle (Color Shift in Polar Angle Direction))

[0226] At the time of black level of display, the viewing
angle was inclined from the normal direction to the liquid
crystal cell toward the center line direction of the transmis-
sion axis of the pair of polarizers (azimuth angle of 45
degrees), and the chromaticity changes Ax, and Ay, were
measured within a polar angle range of from 0 to 80 degrees.
AX=Xg-Xgg, and AYg=Vo—VYao- (Xg0s Yeo) are chromaticity
data measured in the normal direction to the liquid crystal cell
at the time of black level of display; and (Xq, yg) are chroma-
ticity data measured at the time of black level of display, at a
viewing angle inclined by a polar angle 6 degrees toward the
center line direction of the transmission axis of the pair of
polarizers from the normal direction to the liquid crystal cell.

[0227] The data were evaluated according to the following
criteria. The obtained results are shown in Table 6 below.

A: Axy and Ay, are both at most 0.02.
B: Ax, and Ay, are both at most 0.03.
C: Ax, and Ay, are both at most 0.05.
D: Ax, and Ayg are both more than 0.1

[0228] Preferably, the color shift in the polar angle direc-
tion with the film of the invention always satisfies the follow-
ing numerical formulae (1) and (III):

D=Ax,=0.1 (I
0=Ayy=0.1 (IIT)
TABLE 6
Viewing
Film Sample No. CR Angle
Example 101 Example 1 B B
Example 102 Example 2 B B
Example 103 Example 3 A B
Example 104 Example 4 B B
Example 105 Example 5 B B
Example 106 Example 6 B B
Example 107 Example 7 B B
Example 109 Example 9 B B
Example 110 Example 10 B B
Example 111 Example 11 B B
Example 112 Example 12 B B
Example 113 Example 13 B A
Example 114 Example 14 B B
Example 115 Example 15 B B
Example 116 Example 16 B A
Example 117 Example 17 B B
Example 118 Example 18 B B
Comparative Example 101~ Comparative Example 1 D D
Comparative Example 102~ Comparative Example 2 D B
Comparative Example 103 Comparative Example 3 D C
Comparative Example 104 ~ Comparative Example 4 D D
Comparative Example 105~ Comparative Example 5 D D
Example 121 Example 21 B B
Example 122 Example 22 B A
Example 123 Example 23 B B
Example 124 Example 24 B B
Example 125 Example 25 B A
Example 126 Example 26 B B
Example 127 Example 27 B B
Example 128 Example 28 B C
Example 129 Example 29 B C
Example 130 Example 30 B C
Example 131 Example 31 B C
Example 132 Example 32 B C
Example 133 Example 33 B C




US 2010/0271574 Al

21

[0229] From Table 6, it is known that the liquid crystal
display devices of Examples 101 to 133 of the invention are
good as the contrast ratio is high and the color shift in the polar
angle direction is small (that is, the viewing angle dependence
of the color shift is low), or that is, the displaying abilities of
these devices are obviously improved. Of those Examples,
the comparison between Example 7 and Example 13 indi-
cates that the control of the wavelength dispersion character-
istics of retardation not changing the retardation expressibil-
ity is favorable.

[0230] On the other hand, the liquid crystal display device
of Comparative Example 101, in which the film of Compara-
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condition as in Example 1, but this could not be peeled from
the band and a film sample could not be obtained.

Other Examples

[0234] The film samples of Examples 1-2, 2-2, 3-2, 4-2,
5-2,6-2,7-2,9-2,10-2,21-2,22-2,23-2, 24-2 and 25-2 were
produced by the same process as Examples 1to 7,9, 10 and 21
to 25, except that cellulose acetate A was replaced by one of
the cellulose acetates B to H shown in Table 7 as indicated in
Table. 8. The produced films were evaluated as described
below and the results are shown in Table 8.

TABLE 7

Cellulose Acetate

A B C D E F G H

Degree of
Acetyl

Substitution
Raw Material

Fe (ppm)
Ca (ppm)
Mg (ppm)

245 245 245 245 244 2.43 2.45 245

HP HP HP HP HP HP HP Linter
3 3 3 0.5 3 3 3 3
120 40 75 0 120 120 120 120
20 25 25 45 20 20 20 20

HP: Hardwood pulp

tive Example 1 having a high haze, bad wavelength dispersion
characteristics and low retardation expressibility was incor-
porated, was not good as the contrast was low and the viewing
angle dependence was large. The liquid crystal display
devices of Comparative Examples 102 and 103, in which the
film of Comparative Examples 2 and 3 having good retarda-
tion expressibility but having a high haze was incorporated,
were not good as the contrast ratio was low though their
viewing angle dependence was reduced. The liquid crystal
display devices of Comparative Examples 101, 104 and 105
were not good, as they could not satisfy both high contrast
ratio and reduced viewing angle dependence.

[0231] As in the above, the cellulose acylate laminate film
having the constitution of the invention can control the retar-
dation expression and the wavelength dispersion characteris-
tics of retardation independently of each other, and the wave-
length dispersion characteristics of retardation of the film is
so improved that the retardation expression level may not
reduce at a longer wavelength, and therefore the film can keep
areduced haze. As a result, the liquid crystal display device of
the invention with the film of the invention incorporated
therein satisfies both increased contrast ratio and reduced
viewing angle dependence both on a high level.

Example 34

[0232] The cellulose acylate solution CO1 for low-substi-
tution layer and the cellulose acylate solution SO2 for high-
substitution layer in Table 1 above were cast under the same
condition as in Example 2, except that the solution CO1 was
diluted to have a viscosity of about 30 Pa‘s and the solution
CO01 was diluted to have a viscosity of at least 60 Pa-s. Finally,
afilm sample was produced, but it required an extremely large
load in peeling it from the band.

Example 35

[0233] The cellulose solution CO1 or C12 for low-substitu-
tion layer alone in Table 1 above was cast under the same

[0235] The amount of Fe, Ca and Mg in the cellulose acy-
lates was measured by the ICP-OES method. Before the mea-
surement, nitric acid was added to each of the cellulose acy-
lates and the mixture was subjected to multiwave ashing and
dissolved in water.

(Evaluation of Small Defects in the Films)

[0236] Thenumberof small defects having a size of 100 pm
or more was counted by eyes in the first 100 meters and the
last 100 meters of the rolled film having a length of 2000
meters. Based on the counted numbers, the total number of
small defects in the full length of the 2000 meter rolled film
was calculated and evaluated by the following criteria:

C: The number of small defects, 400 or more

B: The number of small defects, 200 or more and less than 400
A: The number of small defects, less than 200

TABLE 8

Number of
Small
Defects

Cellulose
Acetate

Example 1-2
Example 2-2
Example 3-2
Example 4-2
Example 5-2
Example 6-2
Example 7-2
Example 9-2
Example 10-2
Example 21-2
Example 22-2
Example 23-2
Example 24-2
Example 25-2
Example 1
Example 2

DU OWHHEHIODQEHEDUOW
OO0OO0OPFEWEFOOOEOOO =W
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TABLE 8-continued

Number of
Small
Defects

Cellulose
Acetate

Example 3
Example 4
Example 5
Example 6
Example 7
Example 9
Example 10
Example 21
Example 22
Example 23
Example 24
Example 25

e g e
COCO0O00000O00000

[0237] Table 8 shows that the film samples containing cel-
lulose acetates B, C, D or H have a lower number of small
defects than the film samples containing cellulose acetate A.
They are preferable in reducing defects and improving yield
of the display containing them. Cellulose acetate D was the
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best in releasing of the formed film from the casting support
and the amount of trace contaminants on the casting support
after the continuous production was the lowest. The film
samples containing cellulose acetates E, F or G were almost
equal to the film sample containing cellulose acetate A in the
number of small defects and film properties.

[0238] The film samples 2-3, 23-3 and 25-3 were produced
by the same process as Examples 2, 23 and 25, except that the
core layer were changed as shown in Table 9 and re-stretching
was conducted at 185° C. by 1.25 times. Properties of the film
samples are shown in Table 10.

[0239] The film samples shown in Table 11 were incorpo-
rated in the liquid crystal panel of VA mode described in
Example 3 of JP-A 2008-176281 that satisfies the inequality
of thickness of liquid crystal layer, dB<dG<dR, and dB~3.3
um, dG=3.5 ym and dR =3.8 um wherein dB, dG. and
dR . mean the thickness of blue, green and red color filter,
respectively. The incorporation of the film samples were con-
ducted in the same manner as Examples 102, 123 and 125.
Table 11 also shows CR and viewing angle of the liquid
crystal display that were measured by the same method as
Example 102, 123 and 125.

TABLE 9
Constitution of Core Layer Thickness
Degree SkinA  Skin B
of Acetyl Additive 1 Additive 2 Core Layer  Layer  Layer
Substitution ~ Compound  (mas. pt.) Compound  (mas. pt.) (Lm) (um) (um)
Example 2-3 245 A 10 — — 50 2 2
Example 23-3 245 D 10 — — 50 2 2
Example 25-3 245 E 10 — — 50 2 2
Example 23-4 245 D 10 — — 50 1 1
Example 23-5 245 D 10 — — 50 0.3 0.3
TABLE 10
Re(630)—  Rth(630) -
Re(550) Rth(550)  Re(440)  Rth(440)  Thickness
Sample No. (nm) (nm) (nm) (nm) (um) Haze
Example 2-3 34.0 119.0 42 7.8 54 0.08
Example 23-3 34.0 120.0 43 79 54 0.06
Example 25-3 33.0 119.0 43 79 54 0.05
Example 23-4 34.0 120.0 43 79 52 0.06
Example 25-5 34.0 120.0 41 7.7 51 0.05
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TABLE 11
Viewing
Film Sample No. CR Angle
Example 102-3 Example 2-3 A A
Example 123-3 Example 23-3 A A
Example 125-3 Example 25-3 A A
Example 102-4 Example 2 B A
Example 123-4 Example 23-3 B A
Example 125-4 Example 25-3 B A
[0240] Table 11 shows that Examples 102-3, 123-3 and

125-3 of the invention are excellent in CR and viewing angle.
From Examples 102-4, 123-4 and 125-4, it is known that the
film samples of the invention show more excellent display
properties when incorporated in the multi-gap liquid crystal
panel having the above color filter thickness (cell thickness).
[0241] While the present invention has been described in
detail and with reference to specific embodiments thereof, it
will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing
from the spirit and scope thereof.
[0242] The present disclosure relates to the subject matter
contained in Japanese Patent Application No. 2009-109948,
filed on Apr. 28,2009, Japanese Patent Application No. 2009-
247638, filed on Oct. 28, 2009, and Japanese Patent Applica-
tion No. 2010-089211, filed on Apr. 8, 2010, the contents of
which are expressly incorporated herein by reference in their
entirety. All the publications referred to in the present speci-
fication are also expressly incorporated herein by reference in
their entirety.
[0243] The foregoing description of preferred embodi-
ments of the invention has been presented for purposes of
illustration and description, and is not intended to be exhaus-
tive or to limit the invention to the precise form disclosed. The
description was selected to best explain the principles of the
invention and their practical application to enable others
skilled in the art to best utilize the invention in various
embodiments and various modifications as are suited to the
particular use contemplated. It is intended that the scope of
the invention not be limited by the specification, but be
defined claims set forth below.

What is claimed is:

1. A cellulose acylate laminate film, which comprises:

a low-substitution layer comprising a non-phosphate com-

pound and a cellulose acylate that satisfies the following
formula (1) :

2.0<Z1<2.7 1

wherein Z1 means the total degree of acyl substitution of the
cellulose acylate of the low-substitution layer, and
a high-substitution layer comprising a cellulose acylate
that satisfies the following formula (2):

27<Z2,

@
wherein 72 means the total degree of acyl substitution of the
cellulose acylate of the high-substitution layer, and
wherein:
the high-substitution layer is laminated on at least one face
of the low-substitution layer, and
the in-plane retardation of the film at a wavelength of 550
nm, Re(550), is the same as or larger than the in-plane
retardation of the film at a wavelength of 440 nm,
Re(440).
2. The cellulose acylate laminate film according to claim 1,
wherein the in-plane retardation of the film at a wavelength of

23
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550 nm, Re(550), is larger than the in-plane retardation of the
film at a wavelength of 440 nm, Re(440).

3. The cellulose acylate laminate film according to claim 1,
wherein the high-substitution layer comprises a non-phos-
phate compound as an additive and the mass proportion of the
additive to the cellulose acylate in the high-substitution layer
is smaller than the mass proportion of the additive to the
cellulose acylate in the low-substitution layer.

4. The cellulose acylate laminate film according to claim 1,
wherein the non-phosphate compound is a non-phosphate
ester compound.

5. The cellulose acylate laminate film according to claim 1,
wherein the non-phosphate compound is a polyester com-
pound having an aromatic ring.

6. The cellulose acylate laminate film according to claim 1,
wherein the in-plane retardation of the film at a wavelength of
590 nm, Re, satisfies 25 nm=|Rel=100 nm and the thick-
ness-direction retardation of the film at a wavelength of 590
nm, Rth, satisfies 50 nm=|Rth|=300 nm.

7. The cellulose acylate laminate film according to claim 1,
wherein the thickness-direction retardation of the film at a
wavelength of 550 nm, Rth(550), is the same as or larger than
the thickness-direction retardation of the film at a wavelength
of 440 nm, Rth(440).

8. The cellulose acylate laminate film according to claim 1,
wherein the thickness-direction retardation of the film at a
wavelength of 550 nm, Rth(550), is larger than the thickness-
direction retardation of the film at a wavelength of 440 nm,
Rth(440).

9. The cellulose acylate laminate film according to claim 1,
of which the internal haze is at most 0.2%.

10. The cellulose acylate laminate film according to claim
1, wherein the low-substitution layer comprises at least one
retardation enhancer.

11. The cellulose acylate laminate film according to claim
10, wherein the retardation enhancer comprises a discotic
compound and the content of the discotic compound is less
than 3 parts by mass relative to 100 parts by mass of the
cellulose acylate.

12. The cellulose acylate laminate film according to claim
1, wherein the cellulose acylate of the low-substitution layer
satisfies the following formulae (3) and (4):

1.0<X1<2.7, 3)

D=Y1<15, @

X1+11=71 @)
wherein X1 means the degree of acetyl substitution of the
cellulose acylate of the low-substitution layer, Y1 means the
total degree of substitution with acyl having at least 3 carbon
atoms of the cellulose acylate of the low-substitution layer,
and Z1 means the total degree of acyl substitution of the
cellulose acylate of the low-substitution layer.

13. The cellulose acylate laminate film according to claim
1, wherein the cellulose acylate of the high-substitution layer
satisfies the following formulae (5) and (6):

1.2<X2<3.0, )

0=Y2<15, (6)

X24¥2=22 (6
wherein X2 means the degree of acetyl substitution of the
cellulose acylate of the high-substitution layer, Y2 means the
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total degree of substitution with acyl having at least 3 carbon
atoms of the cellulose acylate of the high-substitution layer,
and 72 means the total degree of acyl substitution of the
cellulose acylate of the high-substitution layer.
14. The cellulose acylate laminate film according to claim
1, wherein both faces of the low-substitution layer have the
high-substitution layer in which the compositions of the high-
substitution layers may be the same or different.
15. The cellulose acylate laminate film according to claim
1, wherein the acyl group in the cellulose acylate has from 2
to 4 carbon atoms.
16. The cellulose acylate laminate film according to claim
1, wherein the cellulose acylate is cellulose acetate.
17. The cellulose acylate laminate film according to claim
1, wherein the mean thickness of the low-substitution layer is
from 30 to 100 pm, and the mean thickness of at least one
high-substitution layer is from 0.2% to less than 25% of the
mean thickness of the low-substitution layer.
18. The cellulose acylate laminate film according to claim
1, wherein at least one high-substitution layer comprises a
matting agent.
19. A method for producing a cellulose acylate laminate
film, comprising:
forming a cellulose acylate laminate film by sequential
casting or simultaneous co-casting of a cellulose acylate
solution for low-substitution layer that comprises a non-
phosphate compound and a cellulose acylate satisfying
the following formula (1), and a cellulose acylate solu-
tion for high-substitution layer that comprises a cellu-
lose acylate satisfying the following formula (2):

2.0<Z1<2.7, M

wherein Z1 means the total degree of acyl substitution of the
cellulose acylate of the low-substitution layer,

2.7<22, o)

wherein 72 means the total degree of acyl substitution of the
cellulose acylate of the high-substitution layer, and
stretching the cellulose acylate laminate film at a tempera-
ture of not lower than (Tg-30° C.) under the condition
that the film comprises the residual solvent in an amount
of at least 5% by mass of the film, wherein Tg means the
glass transition temperature of the cellulose acylate
laminate film.

20. The method for producing a cellulose acylate laminate
film according to claim 19, wherein the non-phosphate com-
pound is a non-phosphate ester compound.

21. The method for producing a cellulose acylate laminate
film according to claim 19, wherein the cellulose acylate
solution for the low-substitution layer and the cellulose acy-
late solution for the high-substitution layer are simulta-
neously co-cast.

22. The method for producing a cellulose acylate laminate
film according to claim 19, further comprising:

drying the cellulose acylate laminate film after the stretch-

ing, and

stretching the dried cellulose acylate laminate film at a

temperature of not lower than (Tg-10° C.), wherein Tg
means the glass transition temperature of the cellulose
acylate laminate film.

23. The method for producing a cellulose acylate laminate
film according to claim 19, wherein the stretching of the
cellulose acylate laminate film at a temperature of not lower
than (Tg-30° C.) is conducted in the direction perpendicular
to the machine direction in film formation.
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24. The method for producing a cellulose acylate laminate
film according to claim 19, wherein the viscosity at 25° C. of
the cellulose acylate solution for the low-substitution layer is
higher by at least 10% than the viscosity at 25° C. of the
cellulose acylate solution for the high-substitution layer.

25. A cellulose acylate laminate film produced by:

forming a cellulose acylate laminate film by sequential

casting or simultaneous co-casting ofa cellulose acylate
solution for low-substitution layer that comprises a non-
phosphate compound and a cellulose acylate satisfying
the following formula (1), and a cellulose acylate solu-
tion for high-substitution layer that comprises a cellu-
lose acylate satisfying the following formula (2):

2.0<Z1<2.7, %)

wherein Z1 means the total degree of acyl substitution of the
cellulose acylate of the low-substitution layer,

2.7<72, @

wherein 72 means the total degree of acyl substitution of the
cellulose acylate of the high-substitution layer, and
stretching the cellulose acylate laminate film at a tempera-
ture of not lower than (Tg-30° C.) under the condition
that the film comprises the residual solvent in an amount
of at least 5% by mass of the film, wherein Tg means the
glass transition temperature of the cellulose acylate
laminate film.
26. A polarizer comprising a cellulose acylate laminate
film, wherein the cellulose acylate laminate film comprises:
alow-substitution layer comprising a non-phosphate com-
pound and a cellulose acylate that satisfies the following
formula (1):

2.0<Z1<2.7 o)

wherein Z1 means the total degree of acyl substitution of the
cellulose acylate of the low-substitution layer, and
a high-substitution layer comprising a cellulose acylate
that satisfies the following formula (2):

2.7<72, @

wherein Z2 means the total degree of acyl substitution of the
cellulose acylate of the high-substitution layer, and
wherein:

the high-substitution layer is laminated on at least one face

of the low-substitution layer, and

the in-plane retardation of the film at a wavelength of 550

nm, Re(550), is the same as or larger than the in-plane
retardation of the film at a wavelength of 440 nm,
Re(440).

27. A liquid crystal display device comprises a cellulose
acylate laminate film, wherein the cellulose acylate laminate
film comprises:

a low-substitution layer comprising a non-phosphate com-

pound and a cellulose acylate that satisfies the following
formula (1):

2.0<Z1<2.7 a)

wherein Z1 means the total degree of acyl substitution of the
cellulose acylate of the low-substitution layer, and
a high-substitution layer comprising a cellulose acylate
that satisfies the following formula (2):

2.7<22, )

wherein 72 means the total degree of acyl substitution of the
cellulose acylate of the high-substitution layer, and
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wherein:

the high-substitution layer is laminated on at least one face
of the low-substitution layer, and

the in-plane retardation of the film at a wavelength of 550

nm, Re(550), is the same as or larger than the in-plane

retardation of the film at a wavelength of 440 nm,
Re(440).

Oct. 28, 2010

28. The liquid crystal display device according to claim 27,
which is an IPS, OCB or VA-mode liquid crystal display
device having a liquid crystal cell and a pair of polarizers
arranged on both sides of the liquid crystal cell, wherein at

least one polarizer comprises the cellulose acylate laminate
film.
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