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(7) ABSTRACT

A polarizing plate arranged on at least one surface of a liquid
crystal cell for use in a liquid crystal display apparatus, com-
prising a first polarizing plate protective film, a polarizing
film, and a second polarizing plate protective film, the first
polarizing plate protective film being arranged on the liquid
crystal cell side with respect to a polarizing film, and the
second polarizing plate protective film being arranged on the
side opposite to the liquid crystal cell intervening the polar-
izing film, wherein the first polarizing plate protective film
contains a cellulose ester and a hindered phenol compound in
an amount of 0.01 to 5.0 weight % based on the total weight
of the cellulose ester.
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POLARIZING PLATE, MANUFACTURING
METHOD OF POLARIZING PLATE AND
LIQUID CRYSTAL DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a polarizing plate, a
manufacturing method of a polarizing plate, and a liquid
crystal display apparatus, and more particularly relates to a
polarizing plate that facilitates film lamination in the produc-
tion of a polarizing plate, improves light leakage and dimen-
sion stability under the conditions of high temperature and
high humidity, and increases front contrast of a liquid crystal
display apparatus; and relates to a manufacturing method of a
polarizing plate, and a liquid crystal display apparatus.

BACKGROUND

[0002] Polarizing plate protective film is utilized for the
purpose of protecting polarizing film. This polarizing plate
protective film takes a constitution to sandwich the both sur-
faces of polarizing film to form a polarizing plate. Conven-
tionally, an optical compensation film, in which phase differ-
ence film is laminated on polarizing film to form viewing
angle compensation film, has been utilized to improve display
quality of a liquid crystal apparatus. In recent years, a func-
tion of phase difference film has come to be fused together
with polarizing plate protective film, which makes the pro-
tective film multifunctional and enables reduction of part
materials.

[0003] On the other hand, compensation ofa viewing angle
has come to be improved and it has been disclosed that view-
ing angle characteristics of a liquid crystal cell can be
improved by arranging films of a discotic liquid crystal on the
over surface and the under surface of a twisted nematic (TN)
type liquid crystal cell (for example, please refer to Patent
Document 1).

[0004] As a technology of viewing angle improvement by
modification of a liquid crystal mode, a liquid crystal display
apparatus utilizing a vertical alignment (VA) type liquid crys-
tal cell, in which a liquid crystal compound is essentially
vertically aligned at non-application time of voltage and
essentially horizontally aligned at application time of voltage,
has been disclosed (for example, please refer to Patent Docu-
ment 2) A VA type liquid crystal is the to exhibit a wider
viewing angle and a higher response speed compared to a
conventional TN type liquid crystal display apparatus, how-
ever, still further improvement is necessary when it is com-
pared to a CRT.

[0005] Particularly, in accordance with a larger liquid crys-
tal image plane such as a large size TV, a further wide viewing
angle is required and phase difference film has been utilized
for broadening of a viewing angle. Therefore, phase differ-
ence film has a tendency to have a wider width due to enlarge-
ment of the aforesaid liquid crystal image plane.

[0006] For this purpose, heretofore, application of polymer
film has been studied; however. cellulose triacetate (TAC)
film generally has a certain phase difference value (Rt) in the
thickness direction while exhibits very small phase difference
value (Ro) in the intra-plane direction, and was not necessar-
ily suitable for the purpose of viewing angle improvement of
such as the above-described VA type LCD.

[0007] To overcome this problem, film having an excellent
uniformity of a phase difference value, which is provided
with a slow axis in the width direction and is utilized as phase
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difference and polarizing plate protective film, by stretching
cellulose ester film in the width direction at the time of cast-
ing, has been known.

[0008] However, in a large size liquid crystal display appa-
ratus, it is known that deviation of a slow axis in the film
plane, with respect to utilized phase difference film, causes
significant decrease of contrast; and disclosed is a technology
paying attention to deviation of a slow axis to assure display-
ing capability (for example, please refer to Patent Documents
1 and 2).

[0009] Further, as a specific method to restrain deviation of
a slow axis of phase difference film, disclosed has been a
method to diminish stretching unevenness by making film
soft by temperature at stretching (for example, please refer to
Patent Document 3).

[0010] However, it is a present state that all of them have
problems in such as contrast, dimension stability under a high
temperature and high humidity condition and light leakage,
improvement of which is required.

[0011] On the other hand, cellulose resin, particularly cel-
lulose triacetate among cellulose acetate is utilized as protec-
tive film of a polarizing plate.

[0012] However, since a manufacturing method of cellu-
lose resin film is generally a film forming method by a solu-
tion casting method utilizing a halogen type solvent, a cost to
recover the solvent is very expensive to make a big load.
Therefore, to solve such a problem, disclosed is a manufac-
turing method of a polarizing plate by laminating films
formed by a melt-casting method (for example, please refer to
Patent Document 4). However, since tinting of film is easily
caused due to a repeated thermal record when film prepared
by a melt-casting method is subjected to heat stretching in the
width direction, decrease of front contrast of the polarizing
plate will be induced.

[0013] Atthe sametime, decomposition of a melt substance
is caused by repeating a thermal record to deteriorate smooth-
ness of film, resulting in a problem of film lamination prop-
erty at the time of manufacturing of a polarizing plate. Fur-
ther, since more thermal load is required to increase casting
speed, it was difficult to increase a film production capacity.
[0014] Patent Document 1: Unexamined Japanese Patent
Application Publication No. (hereinafter, referred to as JP-A)
H11-160536

[0015] Patent Document 2: JP-A 2002-22943
[0016] Patent Document 3: JP-A 2001-215332
[0017] Patent Document 4: JP-A 2000-352620

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Present Invention

[0018] An object of this invention is to provide a polarizing
plate that facilitates film lamination in the production of a
polarizing plate, and to improve the front contrast of a liquid
crystal display apparatus; a process for producing such a
polarizing plate; and a relevant liquid crystal display appara-
tus.

Means to Solve the Problems

[0019] The above-described object of this invention can be
achieved by the following constitutions.

[0020] Item 1. A polarizing plate which is arranged on at
least one surface of a liquid crystal cell for use in a liquid
crystal display apparatus, including polarizing plate protec-
tive film arranged on the liquid crystal cell side with respect to
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the polarizing film and a second polarizing plate protective
film arranged on the side opposite to the liquid crystal cell
intervening the polarizing film, wherein the first polarizing
plate protective film contains a cellulose ester and a hindered
phenol compound in an amount of 0.01 to 5.0 weights based
on the total weight of the cellulose ester.

[0021] Ttem 2. The polarizing plate described in aforesaid
Item 1, wherein the cellulose ester contained in the aforesaid
first polarizing plate protective film is at least one selected
from the group consisting of cellulose acetate, cellulose pro-
pionate, cellulose butyrate, cellulose acetate propionate, cel-
lulose acetate butyrate, cellulose acetate phthalate and cellu-
lose phthalate.

[0022] Item 3. The polarizing plate described in aforesaid
Ttem 2, wherein the cellulose ester contained in the aforesaid
first polarizing plate protective film is cellulose acetate pro-
pionate or cellulose acetate butyrate.

[0023] Item 4. The polarizing plate described in aforesaid
Ttem 3, wherein the cellulose ester contained in the aforesaid
first polarizing plate protective film has an acyl group having
2-4 carbon atom numbers as a substituent, and simulta-
neously satisfies conditions defined by following Equations
(I) and (IT), provided that X is a substitution degree of an
acetyl group, and Y is a substitution degree of a propionyl
group or a butyryl group:

20EX+Y=3.0 Equation (I)
0=Y=1S Equation (IT)
[0024] Item 5. The polarizing plate described in any one of

aforesaid Items 1-4, wherein a primary component of the
aforesaid second polarizing plate protective film is cellulose
ester, and the cellulose ester is at least one selected from the
group consisting of cellulose acetate, cellulose acetate propi-
onate and cellulose acetate butyrate.

[0025] Item 6. The polarizing plate described in any one of
aforesaid Items 1-5, wherein a primary component of the
aforesaid second polarizing plate protective film is at least
one selected from the group consisting of a cycloolefin type
polymer, polycarbonate type polymer, polylactic acid type
polymer and polyester type polymer.

[0026] Item 7. A liquid crystal display apparatus having
polarizing plates on both sides of a liquid crystal cell respec-
tively, wherein at least one of the polarizing plates arranged
on both sides of the liquid crystal cell is provided with a first
polarizing plate protective film arranged on the liquid crystal
cell side with respect to the polarizing film, and a second
polarizing plate protective film arranged on the side opposite
to the liquid crystal cell intervening the polarizing, and the
first polarizing plate protective film contains a cellulose ester
and a hindered phenol compound in an amount of 0.01 to 5.0
weight % based on the total weight of the cellulose ester.
[0027] Item 8. The liquid crystal display apparatus
described in aforesaid Item 7, wherein the both polarizing
plates arranged on both sides of the liquid crystal cell are
provided with the first polarizing plate protective film
arranged on the liquid crystal cell side with respect to the
polarizing film, and the second polarizing plate protective
film arranged on the side opposite to the liquid crystal cell
intervening the polarizing film, and the first polarizing plate
protective film contains the cellulose ester and the hindered
phenol compound in an amount of 0.01 to 5.0 weight % based
on the total weight of the cellulose ester.

[0028] Item 9. A manufacturing method of a polarizing
plate comprising the steps of: 1) arranging a first polarizing
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plate protective film on at least one side of a liquid crystal cell
utilized in a liquid crystal display apparatus, and the first
polarizing plate protective film is provided on the liquid crys-
tal cell side with respect to the polarizing film, and ii) arrang-
ing a second polarizing plate protective film on the side oppo-
site to the liquid crystal cell intervening the polarizing film,
wherein provided are a process to manufacture the first polar-
izing plate protective film by means of a melt-casting method
by heat-melting of a mixture of a cellulose ester and a hin-
dered phenol compound in an amount 0f0.01 to 5.0 weight %
based on the total weight of the cellulose ester, and a process
to laminate up the first polarizing plate protective film and the
second polarizing plate protective film against the polarizing
film.

[0029] Item 10. The manufacturing method of a polarizing
plate described in aforesaid Item 9, wherein the aforesaid
melting with heat is conducted at a temperature of not lower
than 200° C. and not higher than 280° C.

EFFECTS OF THE INVENTION

[0030] This invention can provide a polarizing plate that
facilitates film lamination in the production of a polarizing
plate and improves the front contrast of liquid crystal display
apparatus; a process for producing such a polarizing plate;
and a relevant liquid crystal display apparatus.

BRIEF DESCRIPTION OF THE DRAWING

[0031] FIG. 1 is a schematic drawing of a constitutional
example of a polarizing plate and a liquid crystal display
apparatus.

DETAILED DESCRIPTION OF THE INVENTION

[0032] In the following, the best embodiment to practice
this invention will be detailed; however, this invention is not
limited thereto.

[0033] This invention can improve light leakage and
dimension stability of a polarizing plate under high tempera-
ture and high humidity, and can increase front contrast of a
liquid crystal display apparatus, by a polarizing plate which is
arranged on at least one surface of a liquid crystal cell for use
in a liquid crystal display apparatus, including polarizing
plate protective film arranged on the liquid crystal cell side
with respect to the polarizing film and a second polarizing
plate protective film arranged on the side opposite to the
liquid crystal cell intervening the polarizing film between
them, wherein the first polarizing plate protective film con-
tains a cellulose ester and 0.01 to 5.0 weight % of hindered
phenol compound based on the cellulose ester.

[0034] An example of a constitution of a polarizing plate of
this invention will be shown in FIG. 1.

[0035] In polarizing plate A and polarizing plate B, which
are arranged on the both sides of a liquid crystal cell, polar-
izing plate protective film a (second polarizing plate protec-
tive film), polarizing plate protective film b (first polarizing
plate protective film), polarizing plate protective film ¢ (first
polarizing plate protective film) and polarizing plate protec-
tive film d (second polarizing plate protective film) are
arranged. Polarizing plate protective film b and polarizing
plate protective film ¢ may be same with or different from
each other, however, it is characterized in that at least one of
them is transparent film containing cellulose ester and 0.01 to
5.0 weight % of hindered phenol compound based on the
cellulose ester.
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[0036] Further, polymer utilized in polarizing plate protec-
tive film b and polarizing plate protective film ¢ is preferably
at least one type selected from cellulose ester type polymer,
cycloolefin type polymer, polycarbonate type polymer, poly-
lactic acid type polymer and polyester type polymer. Polar-
izing plate protective film a and polarizing plate protective
film d may be same with or different from each other. Further,
polarizing plate protective film a and polarizing plate protec-
tive film d are also preferably provided with a functional layer
on the surface opposite to the surface which is laminated on a
polarizing film.

[0037] In the following, this invention will be detailed.
[0038] First, polarizing plate protective film b and polariz-
ing plate protective film ¢ will be explained.

[0039] The inventors of this invention, as a result of exten-
sive study on the above-described problems, have found a
surprising effect that light leakage and dimension stability
under a condition of high temperature and high humidity are
improved and a front contrast of a liquid crystal display
apparatus is increased when at least one of polarizing plate
protective film b or polarizing plate protective film c is polar-
izing plate protective film containing cellulose ester and
0.01-5 weights of a hindered phenol compound against the
cellulose ester, which led to this invention.

[0040] One object of this invention is to increase a front
contrast A front contrast is a contrast measured from a vertical
direction of a whole display apparatus, and is not a local
contrast of a part of an image plane. For example, there is a
phenomenon of contrast decrease at four corners of an image
plane orlocal contrast decrease due to light leakage generated
in a frame form, however, they locally generate and different
from a front contrast which is an subject to be improved in this
invention.

[0041] Therefore, a front contrast referred in this invention
is a contrast of a whole display plane and is quite different in
its mechanism from the case to improve a dynamic phenom-
enon such as deterioration of a local contrast under a specific
condition (for example, a durability test under high tempera-
ture and high humidity or under a dry condition), not to
coincide with a content of this invention.

[0042] (Hindered Phenol Compound)

[0043] A hindered phenol compound according to this
invention has a structure provided with a bulky branched alkyl
group at the ortho-position with respect to a hydroxyl group
of a phenol compound.

[0044] For example, 2,6-dialkylphenol derivatives such as
described in 12-14 columns of U.S. Pat. No. 4,839,405 are
preferable. Such a compound includes those represented by
following formula (1).

Formula (1)
R

HO R,

R;

[0045] In the above formula R, R, and R, are alkyl sub-
stituents which are further substituted or unsubstituted. Spe-
cific examples of a hindered phenol compound include n-oc-
tadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate,
n-octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)-acetate,
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n-octadecyl-3,5-di-t-butyl-4-hydroxybenzoate, n-hexyl-3,5-
di-t-butyl-4-hydroxyphenylbenzoate, n-dodecyl-3,5-di-t-bu-
tyl-4-hydroxyphenylbenzoate, neo-dodecyl-3-(3,5-di-t-bu-
tyl-4-hydroxyphenyl)-propionate, dodecyl-f-(3,5-di-t-butyl-
4-hydroxyphenyl)-propionate, ethyl-o-(4-hydroxy-3,5-di-t-
butylphenyl)-isobutyrate, octadecyl-c~(4-hydroxy-3,5-di-t-
butylphenyl)-isobutyrate, octadecyl-a~(4-hydroxy-3,5-di-t-
butyl-4-hydroxyphenyl)-propionate, 2-(n-octylthio)ethyl-3,
5-di-t-butyl-4-hydroxy-benzoate, 2-(n-octylthio)ethyl-3,5-
di-t-butyl-4-hydroxy-phenylacetate, 2-(n-octadecylthio)
ethyl-3,5-di-t-butyl-4-hydroxy-phenylacetate, 2-(n-
octadecylthio)ethyl-3,5-di-t-butyl-4-hydroxy-benzoate,
2-(2-hydroxyethylthio)ethyl-3,5-di-t-butyl-4-hydroxy-ben-
zoate,  diethylglycolbis-(3,5-di-t-butyl-4-hydroxy-phenyl)
propionate, 2-(n-octadecylthio)ethyl-3-(3,5-di-t-butyl-4-hy-
droxyphenyl)-propionate, stearylamido-N,N-bis-[ethylene-
3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate],
n-butylimino-N,N-bis-[ethylene-3-(3,5-di-t-butyl-4-hydrox-
yphenyl)propionate], 2-(2-stealoyloxyethylthio)ethyl-3,5-
di-t-butyl-4-hydroxybenzoate,  2-(2-stealoyloxyethylthio)
ethyl-7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate,
1,2-propyleneglycol-bis-[2-(3,5-di-t-butyl-4-hydroxyphe-
nyl)propionate], ethyleneglycol-bis-[3-(3,5-di-t-butyl-4-hy-
droxyphenyl)propionate], neopentylglycol-bis-[3-(3,5-di-t-
butyl-4-hydroxyphenyl)propionate]|, ethyleneglycol-bis-(3,
5-di-t-butyl-4-hydroxyphenylacetate), glycerin-1-n-
octadecanoate-2,3-bis-(3,5-di-t-butyl-4-hydroxy-
phenylacetate), pentaerythritol-tetrakis-[3-(3",5'-di-t-butyl-
4'-hydroxyphenyl)propionate], 1,1,1-trimethylolethane-tris-
[3-(3',5'-di-t-butyl-4"-hydroxyphenyl)propionate], sorbitol-
hexa-[3-(3',5"-di-t-butyl-4'-hydroxyphenyl)propionate],
2-hydroxyethyl-7-(3-methyl-5-t-butyl-4-hydroxyphenyl)
propionate, 2-stearoyloxyethyl-7-(3-methyl-5-t-butyl-4-hy-
droxyphenyl}heptanoate, 1,6-hexanediol-bis[(3,5'-di-t-bu-
tyl-4-hydroxyphenyl)propionate] — and  pentaerythritol-
tetrakis(3,5-di-t-butyl-4-hydroxycinnamate). The above-
described hindered phenol type antioxidant compounds are
available on the market under product names of “Irganox
1076” and “Irganox 1010” from Ciba Specialty Chemicals.
[0046] A hindered phenol compound according to this
invention is incorporated at 0.01-5 weight % against cellulose
ester described later. An effect of this invention cannot be
obtained at less than 0.01 weight %, while a stable effect
without bleed-out in a melt-casting process can be obtained at
not more than 5 weight %. The preferable range is 0.5-3
weight %. The contents in polarizing plate protective film b
and polarizing plate protective film ¢ may be identical with or
different from each other

[0047] (Cellulose Ester)

[0048] Cellulose ester incorporated in polarizing plate pro-
tective film b and polarizing plate protective film c¢ is prefer-
ably at least one type selected from cellulose acetate, cellu-
lose propionate, cellulose butyrate, cellulose acetate
propionate, cellulose acetate butyrate, cellulose acetate
phthalate and cellulose phthalate; and is specifically prefer-
ably cellulose acetate propionate or cellulose acetate
butyrate.

[0049] Cellulose ester utilized in this invention is the afore-
said single or mixed acid ester of cellulose which contains at
least any one structure among an aliphatic acyl group, and a
substituted or unsubstituted aromatic acyl group.

[0050] Inan aromatic acyl group, when an aromatic ring is
a benzene ring, examples of a substituent of a benzene ring
include a halogen atom, a cyano group, an alkyl group, an
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alkoxy group, an aryl group, an aryloxy group, an acyl group,
acarboamide group, a sulfonamide group, an ureide group, an
aralkyl group, a nitro group, an alkoxycarbonyl group, an
aryloxycarbonyl group, an aralkyloxycarbonyl group, a car-
bamoyl group, a sulfamoyl group, an acyloxy group, an alk-
enyl group, an alkynyl group, an alkylsulfonyl group, an
arylsulfonyl group, an alkyloxysulfonyl group, an arylox-
ysulfonyl group, an alkylsulfonyloxy group and an arylox-
ysulfonyl group; —S—R, —NH—CO—OR, —PH—R,
—P(—R),, —PH—O—R, —P(—R)(—0O—R), —P(—0—
R),, —PH(=0)—R—P(—=0) (—R),, —PH(—=0)—0—R,
—P(=0)(—R)YO—R), —P(=0)0O—R),, —O—PH
(=0)—R, —O0—P(—=0)(—R),, —O—PH(—0)—0—R,
—O0—P(=0) (—R) (—O—R), -0—P(=0) (—=O0—R),,
—NH—PH(=0)—R, —NH—P(=0) (—R) (——0O—R),
—NH—P(—0) (—0—R),, —SiH,—R, —S8i(—R),,
—O0—SiH,—R, —SiH(—R), and —O—Si(—R),. Above-
described R is an aliphatic group, an aromatic group or a
heterocyclic group. The number of a substituent is preferably
1-5, more preferably 1-4, furthermore preferably 1-3 and
most preferably 1 or 2. A substituent is preferably a halogen
atom, a cyano group, an alkyl group, an alkoxy group, an aryl
group, an aryloxy group, an acyl group, a carboamide group,
a sulfonamide group and an ureide group; more preferably a
halogen atom, a cyano group, an alkyl group, an alkoxy
group, an aryloxy group, an acyl group and a carboamide
group; more preferably a halogen atom, a cyano group, an
alkyl group, an alkoxy group and an aryloxy group; and most
preferably a halogen atom, an alkyl group and an alkoxy
group.

[0051] The above halogen atom includes a fluorine atom, a
chlorine atom, a bromine atom and an iodine atom. The above
alkyl group may be provided with a cyclic structure or a
branched structure. The carbon number of the above-de-
scribed alkyl group is preferably 1-20, more preferably 1-12,
furthermore preferably 1-6 and most preferably 1-4.
Examples of an alkyl group include each group of methyl,
ethyl, propyl, isopropyl, butyl, t-butyl, hexyl, cyclohexyl,
octyl and 2-ethylhexyl. The above alkoxy group may be pro-
vided with a cyclic structure or a branch. The carbon number
of the above-described alkoxy group is preferably 1-20, more
preferably 1-12, furthermore preferably 1-6 and most prefer-
ably 1-4. The alkoxy group may be also substituted by another
alkoxy group. Examples of an alkyl group include each group
of methoxy, ethoxy, 2-methoxyethoxy, 2-methoxy-2-ethoxy-
ethoxy, butyloxy, hexyloxy and octyloxy.

[0052] The carbon number of the above-described aryl
group is preferably 6-20 and more preferably 6-12. Examples
of an aryl group include each group of phenoxy and naph-
thoxy. The carbon number of the above-described acyl group
is preferably 1-20 and more preferably 1-12. Examples of an
acyl group include each group of formyl, acetyl and benzoyl.
The carbon number or the above-described carbonamide
group is preferably 1-20 and more preferably 1-12. Examples
of a carbonamide group include each group of acetoamide
and benzamide. The carbon number of the above-described
sulfonamide group is preferably 1-20 and more preferably
1-12. Examples ofa sulfonamide group include each group of
methane sulfonamide, benzene sulfonamide and p-toluene
sulfonamide. The carbon number of the above-described ure-
ide group is preferably 1-20 and more preferably 1-12.
Examples of an ureide group include an (unsubstituted) ure-
ide group.
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[0053] The carbon number of the above-described aralkyl
group is preferably 7-20 and more preferably 7-12. Examples
of an aralkyl group include each group of benzyl, phenetyl
and naphthylmethyl. The carbon number of the above-de-
scribed alkoxycarbonyl group is preferably 1-20 and more
preferably 2-12. Examples of an alkoxycarbonyl group
include a methoxycarbonyl group. The carbon number of the
above-described aryloxycarbonyl group is preferably 7-20
and more preferably 7-12. Examples of an aryloxycarbonyl
group include a phenoxycarbonyl group. The carbon number
of the above-described aralkylcarbonyl group is preferably
8-20 and more preferably 8-12. Examples of an aralkyloxy-
carbonyl group include a benzyloxycarbonyl group. The car-
bon nunber of the above-described carbamoyl group is pref-
erably 1-20 and more preferably 1-12. Examples of a
carbamoyl group include a (unsubstituted) carbamoyl group.
The carbon number of the above-described sulfamoyl group
is preferably not more than 20 and more preferably not more
than 12. Examples of a sulfamoyl group include each group of
(unsubstituted) sulfamoyl and N-methylsulfamoyl. The car-
bon number of the above-described acyloxy group is prefer-
ably 1-20 and more preferably 1-12. Examples of an acyloxy
group include each group of acetoxy and benzoyloxy.
[0054] The carbon number of the above-described alkenyl
group is preferably 2-20 and more preferably 2-12. Examples
of an alkenyl group include each group of vinyl, allyl and
isopropenyl. The carbon number of the above-described alky-
nyl group is preferably 2-20 and more preferably 2-12.
Examples of an alkynyl group include a thienyl group. The
carbon number of the above-described alkylsulfonyl group is
preferably 1-20 and more preferably 1-12. The carbon num-
ber of the above-described arylsulfonyl group is preferably
6-20 and more preferably 6-12. The carbon number of the
above-described alkyloxysulfonyl group is preferably 1-20
and more preferably 1-12. The carbon number of the above-
described aryloxysulfonyl group is preferably 6-20 and more
preferably 6-12. The carbon number of the above-described
alkylsulfonyloxy group is preferably 1-20 and more prefer-
ably 1-12. The carbon number of the above-described aryl-
sulfonyloxy group is preferably 6-20 and more preferably
6-12.

[0055] Incellulose esteraccording to this invention, when a
hydrogen atom of a hydroxyl group portion of cellulose is
fatty acid ester with aliphatic acyl group, the carbon number
of the aliphatic acyl group is 2-20 and specifically listed are
each group of such as acetyl, propionyl, butyryl, isobutyryl,
valeryl, pivaloyl, hexanoyl, octanoyl, lauroyl and stearoyl.
[0056] In this invention, the aforesaid aliphatic acyl group
means also those further provided with a substituent, and the
substituent includes those exemplified as a substituent on a
benzene ring when an aromatic ting is a benzene ring.
[0057] Further, when an esterified substituent of the above-
described cellulose ester is an aromatic ring, the number of
substituents X which substitute on the aromatic ring is 0 or
1-5, preferably 1-3 and specifically preferably 1 or 2. Further,
when the number of substituents which substitute on an aro-
matic ring is not less than two, they may be identical with or
different from each other and may form a condensed polycy-
clic compound (such as naphthalene, indene, indane, phenan-
thorene, quinoline, isoquinoline, chromene, chroman,
phthalazine, acridine, indole and indoline) by bonding
together.

[0058] Celluose ester of this invention is provided a struc-
ture comprising at least one structure selected from a substi-
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tuted or unsubstituted aliphatic acyl group or a substituted or
unsubstituted aromatic acyl group, and may be either single
or mixed acid ester of cellulose. Not less than two types of
cellulose esters may be utilized by mixing.

[0059] The aforesaid cellulose ester is preferably those
which is provided with an acyl group having a carbon number
of 2-4 and simultaneously satisfies conditions defined by
following equations (I) and (IT) when a substitution degree of
acetyl group is X and a substitution degree of a propionyl
group or a butyryl group is Y.

2.0=X+Y=3.0 Equation (I)
0=Y=15 Equation (IT)
[0060] In the equations, X is a substitution degree of an

acetyl group and Y is a substitution degree of a propionyl
group and/or butyryl group. Cellulose ester simultaneously
satisfying the conditions defined by above-described equa-
tion (I) and equation (IT) is suitable for manufacturing polar-
izing plate protective films b and ¢ which are provided with
excellent optical characteristics as an object of this invention.
[0061] Among them, cellulose acetate butyrate or cellulose
acetate propionate is preferable and cellulose acetate propi-
onate is specifically preferable. In cellulose acetate or cellu-
lose acetate propionate it is preferable that 1.0=X=2.5,
0.1=Y=1.5 and 1.0=X+Y=3.0. Measurement of a substi-
tution degree of acyl group can be conducted based on
ASTM-D 817-96.

[0062] A number average molecular weight of cellulose
ester can be measured according to the following method.
When the above-described substitution degree of an acyl
group is excessively low, an unreacted portion against
hydroxyl groups of a piranose ring which constitutes a skel-
eton of cellulose resin increases to make the hydroxyl groups
remain more, resulting in retardation variation due to humid-
ity and decreased ability to protect a polarizer as polarizing
plate protective film, which is unpreferable.

[0063] A number average molecular weight of cellulose
ester utilized in this invention is preferably in a range of
60,000-300,000 because prepared film has large mechanical
strength. Further, those having a number average molecular
weight of 70,000-200,000 are more preferably utilized.
[0064] The number average molecular weight of cellulose
ester can be determined in accordance with the following
method.

[0065] Itis measured by high speed liquid chromatography
under the following condition.

[0066] Solvent: acetone

[0067] Column: MPWx1 (manufactured by Toso Co., Ltd.)
[0068] Sample concentration: 0.2 (weight/volume) %
[0069] Flow rate: 1.0 ml/min

[0070] Sample injection amount: 300 pl

[0071] Standard sample: standard polystyrene

[0072] Temperature: 23° C.

[0073] Cellulose as a starting material of cellulose ester

utilized in this invention is not specifically limited and
includes such as cotton linter, wood pulp and kenaf. Further,
cellulose esters prepared from them each can be utilized by
mixing at an arbitrary ratio.

[0074] Cellulose ester according to this invention is pre-
pared by a reaction utilizing organic acid such as acetic acid
or an organic solvent such as methylene chloride together
with a proton catalyst such as sulfuric acid, when an acylation
agent of a cellulose starting material is acid unhydride (such
as acetic acid unhydride, propionic acid unhydride and
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butyric acid unhydride). The reaction is conducted by use of
a basic compound such as amine as a catalyst when an acy-
lation agent is acid chloride (such as CH;COCI, C,H;COCI
and C;H,COCI). Specifically, synthesis can be conducted
referring to a method described in JP-A 10-45804.

[0075] A mean substitution degree of an acyl group at the
6-position of a glucose unit, which constitutes cellulose ester,
is preferably 0.5-0.9.

[0076] At the 6-position of a glucose unit constituting cel-
lulose ester, a primary hydroxyl group having high reactivity
is present and this hydroxyl group preferentially forms sul-
furic acid ester in a manufacturing process of cellulose ester
employing sulfuric acid as a catalyst. Therefore, in an esteri-
fication reaction of cellulose, a mean substitution degree can
be increased at the 2- and 3-positions than the 6-position of
glucose unit, compared to ordinary cellulose ester, by increas-
ing sulfuric acid as a catalyst. Further, since a hydroxyl group
at the 6-position of a glucose unit can be selectively protected
when cellulose is appropriately tritylated, amean substitution
degree at the 2- and 3-positions of glucose unit can be
increased more than at the 6-position by protecting the
hydroxyl group at the 6-position by tritylation and releasing
the trityl group (a protective group) after esterification. Spe-
cifically, cellulose ester manufactured by a method described
in JP-A 2005-281645 can be also preferably utilized.

[0077] In the case of acetyl cellulose, it is necessary to
prolong the time of an acetylating reaction to increase the
acetylation degree. However, decomposition will simulta-
neously proceed when the reaction time is too long to cause
such as cut-off of a polymer chain and decomposition of an
acetyl group, which is unfavorable. Therefore it is necessary
to set the reaction time in a predetermined range to somewhat
restrain decomposition. To define an acetylation reaction by
the reaction time is not suitable because it varies significantly
depending on a reaction apparatus, facilities and other con-
ditions. Since a molecular weigh distribution becomes wide
as decomposition of polymer proceeds, also in the case of
cellulose ester, a degree of decomposition can be defined by a
value of weight average molecular weight (Mw)/number
average molecular weight (Mn) which is generally utilized.

[0078] An example of manufacturing method of cellulose
ester will be shown below. Cotton linter as a cellulose starting
material of 100 weight parts was pulverized, being added
with 40 weight parts of acetic acid, and subjected to a pre-
treatment for activation at 36° C. for 20 minutes. Then the
system was added with 8 weight parts of sulfuric acid, 260
weight parts of acetic acid unhydride and 350 weight parts of
acetic acid to conduct esterification at 36° C. for 120 minutes.
After neutralization with 11 weight parts of a 24% magne-
sium acetate aqueous solution, saponification was conducted
at 63° C. for 35 minutes, whereby acetyl cellulose was pre-
pared. The resulting system was stirred with 10 times of an
acetic acid aqueous solution (acetic acid/water=1/1 (weight
ratio)) for 160 minutes at room temperature, followed by
being filtered and dried, whereby acetyl cellulose having an
acetyl substitution degree of 2.75 was prepared. This acetyl
cellulose had Mn of 92,000, Mw of 156,000 and Mw/Mn of
1.7. Similarly, cellulose ester having a different substitution
degree and a different Mw/Mn ratio can be synthesized by
adjusting an esterification condition (temperature, time, stir-
ring) and a hydrolysis condition, of cellulose ester.
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[0079] Herein, synthesized cellulose ester may be also sub-
jected to elimination of a low molecular component by puri-
fication and removal of an un-acetylated or low acetylated
component by filtration.

[0080] Further, in the case of mixed acid cellulose ester, it
can be prepared by a method described in JP-A 10-45804.
[0081] Further, cellulose ester is also affected by trace
amounts of a metal component in cellulose ester. This is
considered to be related to water utilized in a manufacturing
process, and it is preferable that a component possibly to be
insoluble nuclei is the smaller; metal ions of such as iron,
calcium and magnesium, which may form insoluble sub-
stances by salt formation with a polymer decomposition sub-
stance possibly containing an organic acid group, are prefer-
ably the smaller. An iron (Fe) component is preferably not
more than 1 ppm. A calcium component is liable to form a
coordination compound, that is, a complex with an acid com-
ponent such as carboxylic acid and sulfonic acid, as well as
with many ligands, resulting in formation of many insoluble
scum (insoluble precipitate, turbidity) arising from calcium.
[0082] A calcium (Ca) component is not more than 60 ppm
and preferably 0-30 ppm. With respect to a magnesium (Mg)
component, since an insoluble substance is also generated
when it is too much, and is preferably 0-70 ppm and specifi-
cally preferably 0-20 ppm. A metal component such as an iron
(Fe) content, a calcium (Ca) content and a magnesium (Mg)
content can be analyzed by use of an ICP-AES (induced
coupling plasma emission spectroscopy system) after a pre-
treatment with micro-digest wet type decomposition system
(sulfonitric acid decomposition) and alkaline fusing,

[0083] (Plastisizer)

[0084] Generally, to incorporate a compound known as a
plastisizer is preferable with respect to film modification such
as improving mechanical strength, providing flexibility, pro-
viding anti-water absorptive property and decreasing water
permeability. Further, in a melt-casting method conducted in
this invention, to incorporate a plastisizer includes a purpose
to lower a melting temperature of a film constituting material
to be lower than a glass transition temperature of utilized
cellulose ester alone, or a purpose to decrease a viscosity of a
film constituting material to be lower than cellulose ester at
the same heating temperature. Herein, in this invention, a
melting temperature of a film constituting material means a
temperature at which the material exhibits fluidity.

[0085] Cellulose ester alone cannot exhibit fluidity for film
formation at a temperature lower than the glass transition
temperature. However, cellulose ester exhibits fluidity due to
decrease of a modulus of elasticity or viscosity by heat
absorption at higher than the glass transition temperature. To
melt a film constituting material, a plastisizer incorporated is
preferably provided with a melting point or a glass transition
temperature of not higher than a glass transition temperature
of cellulose ester.

[0086] (Compound Represented by Formulas (2) and (3))
[0087] Inthisinvention, compounds represented by follow-
ing formulas (2) and (3) are preferably utilized as a platisizer.

Formula (2)

HO
R, Ry
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Formula (3)
Ry
Ry Ris
O
Ro Ria Ry7
Rg Rio 0 Ris Ry Rig
O O
Ry Rio
Ry
R¢ 0 0 Ry

[0088] Inaforesaid formula (1), R,-R; each are a hydrogen
atom, a cycloalkyl group, an aralkyl group, an alkoxy group,
a cycloalkoxy group, an aryloxy group, an aralkyloxy group,
an acyl group, a carbonyloxy group, an oxycarbonyl group or
an oxycarbonyloxy group; these may be further provided with
asubstituent and at least one of R -R is not a hydrogen atom.
L is a divalent connecting group and is a substituted or unsub-
stituted alkylene group, an oxygen atom or a direct bond.
[0089] A cycloalkyl group represented by R -R; is prefer-
ably a cycloalkyl group similarly having a carbon number of
3-8, and is specifically each group of such as cyclopropyl,
cyclopentyl and cyclohexyl. These groups may be substi-
tuted, and a preferable substituent includes a halogen atom
such as a chlorine atom, a bromine atom and an iodine atom;
a hydroxyl group; an alkyl group; an alkoxy group; a
cycloalkoxy group; an aralkyl group (this phenyl group may
be further substituted by such as an alkyl group or a halogen
atom); an alkenyl group such as a vinyl group and an allyl
group; a phenyl group (this phenyl group may be further
substituted by such as an alkyl group or a halogen atom); a
phenoxy group (this phenyl group may be further substituted
by such as an alkyl group or a halogen atom); an acyl group
having a carbon number of 2-8 such as an acetyl group and a
propionyl group; and an carbonyloxy group having a carbon
number of 2-8 such as an acetyloxy group and a propionyloxy
group.

[0090] An aralkyl group represented by R,-Rs is each
group of such as benzyl, phentyl and y-phentyl; these groups
may be substituted, and a preferable substituent similarly
includes the aforesaid groups which may be substituted on a
cycloalkyl group.

[0091] An alkoxy group represented by R -Rs includes an
alkoxy groups having a carbon number of 1-8, and specifi-
cally each alkoxy group of such as methoxy, ethoxy, n-pro-
poxy, n-butoxy, n-octyloxy, isopropoxy, isobutoxy, 2-ethyl-
hexyloxy or t-butoxy. Further, these groups may be
substituted, and a preferable substituent includes a halogen
atom such as a chlorine atom, a bromine atom and an iodine
atom; a hydroxyl group; an alkoxy group; an aralkyl group
(this phenyl group may be further substituted by such as an
alkyl group or a halogen atom); an alkenyl group; a phenyl
group (this phenyl group may be further substituted by such
as an alkyl group or a halogen atom); an aryloxy group (such
as a phenoxy group (this phenyl group may be further substi-
tuted by such as an alkyl group or a halogen atom)); an acyl
group such as an acetyl group and a propionyl group; an
unsubstituted acyloxy group having a carbon number of 2-8
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such as an acetyloxy group and a propionyloxy group; and an
arylcarbonyloxy group such as a benzoyloxy group.

[0092] A cycloalkoxy group represented by R,-R includes
a cycloalkoxy groups having a carbon number of 1-8 as an
unsubstituted cycloalkoxy group, and specifically includes
each group of such as cyclopropyloxy, cyclopentyloxy and
cyclohexyloxy. Further, these groups may be substituted, and
a preferable substituent similarly includes the aforesaid
groups which may be substituted on a cycloalkyl group.
[0093] An aryloxy group represented by R,-Rs includes a
phenoxy group, and this phenyl group may be substituted by
the aforesaid substituents which may be substituted on a
cycloalkyl group such as an alkyl group or a halogen atom.
[0094] An aralkyloxy group represented by R, -R includes
such as a benzyloxy group and a phenethyloxy group; these
substituents may be further substituted and the preferable
substituents similarly include the aforesaid substituents
which may be substituted on a cycloalkyl group.

[0095] Anacyl grouprepresentedby R, -R; includes unsub-
stituted acyl groups having a carbon number of 2-8 such as an
acetyl group, a propiony! group; these substituents may be
further substituted and the preferable substituents similarly
include the aforesaid substituents which may be substituted
on a cycloalkyl group.

[0096] A carbonyloxy group represented by R, -R5 includes
unsubstituted acyloxy groups having a carbon number of 2-8
such as an acetyloxy group, a propionyloxy group (a hydro-
carbon group of an acyl group includes an alkyl group, an
alkenyl group and an alkynyl group), in addition to arylcar-
bonyloxy groups such as a benzoyloxy group, and these sub-
stituents may be further substituted and the preferable sub-
stituents similarly include the aforesaid substituents which
may be substituted on a cycloalkyl group.

[0097] An oxycarbonyl group represented by R;-Rs
includes unsubstituted alkoxycarbonyl groups such as a
methoxycarbonyl group, an ethoxycarbonyl group and a pro-
pionylcarboxy group, and aryloxycarbonyl groups such as a
phenoxycarbonyl group. These substituents may be further
substituted and the preferable substituents similarly include
the aforesaid substituents which may be substituted on a
cycloalkyl group.

[0098] Further, an oxycarbonyloxy group represented by
R,-R; includes alkoxycarbonyloxy groups having a carbon
number of 1-8 such as a methoxycarbonyloxy group, and
these substituents may be further substituted and the prefer-
able substituents similarly include the aforesaid substituents
which may be substituted on a cycloalkyl group.

[0099] Further, at least one of these R | -R is not a hydrogen
atom. Herein, any of these R,-Rs may connects to each other
to form a ring structure.

[0100] Further, a connecting group represented by L is a
substituted or unsubstituted alkylene group, an oxygen atom
or adirect bond, and alkylene groups include such as a meth-
ylene group, an ethylene group and a propylene group; these
groups may be further substituted by the substituents listed as
substituents which may be substituted on a group represented
by R;-Rs.

[0101] Among them, a connecting group represented by L
is specifically preferably a direct bond and an aromatic car-
boxylic acid.

[0102] Further, organic acid represented by aforesaid for-
mula (2), which constitutes an ester compound as a plastisizer
in this invention, is preferably those having the aforesaid
alkoxy group, an acyl group, an oxycarbonyl group, a carbo-
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nyloxy group and an oxycarbonyloxy group as at least R, or
R,. Further, a compound having plural substituents is also
preferable.

[0103] Herein, organic acid substituting hydroxyl groups
of not less than trihydric alcohol may be a single type or plural
types.

[0104] In this invention, a not less than trihydric alcohol
compound which forms polyhydric alcohol ester by reacting
with organic acid represented by aforesaid formula (2) is
preferably aliphatic polyhydric alcohol of 3-20 valencies and
a not less than trihydric alcohol is preferably those repre-
sented by following formula (4).

R'—(OH),

[0105] In the formula, R' is an organic group having m
valencies; m is a positive integer of not less than 3; and OH is
an alcoholic hydroxyl group. Specifically preferable is poly-
hydric alcohol having m of 3 or 4.

[0106] Preferable polyhydric alcohol includes, for
example, the followings; however, this invention is not lim-
ited thereto. Listed are such as adonitol, arabitol, 1,2,4-bu-
tantriol, 1,2,3-hexanetriol, 1,2,6-hexanetriol, glycerin, dig-
lycerin, erythritol, pentaerythritol, dipentaerythritol,
tripentaerythritol, galactitol, glucose, cellobiose, inositol,
mannitol, 3-methylpentane-1,3,5-triol, pinacol, sorbitol, tri-
methylolpropane, trimethylolpropane, trimethylolethane and
xylitol. Specifically preferable are glycerin, trimethylole-
thane, trimethylolpropane and pentaerythritol.

[0107] Ester comprising organic acid represented by for-
mula (2) and polyhydric alcohol having not less than three
valencies can be synthesized by a method well known in the
art. For example, listed are such as a method in which organic
acid represented by formula (2) and polyhydric alcohol are
reacted in the presence ofacid to be condensed and esterified,
a method in which organic acid is converted to acid chloride
or acid unhydride in advance and is reacted with polyhydric
alcohol, and a method in which phenylester of organic acid is
reacted with polyhydric alcohol; and it is preferable to appro-
priately select a method to exhibit a better yield depending on
an aimed ester compound.

[0108] A plastisizer, which is comprised of ester of organic
acid represented by formula (2) and polyhydric alcohol hav-
ing not less than three valencies, is preferably a compound
represented by aforesaid formula (3).

[0109] In aforesaid formula (3), Rs-R,, each are a hydro-
gen atom, a cycloalkyl group, an aralkyl group, an alkoxy
group, a cycloalkoxy group, an aryloxy group, an aralkyloxy
group, an acyl group, a carbonyloxy group, an oxycarbonyl
group or an oxycarbonyloxy group; and these may be further
provided with a substituent. At least one of R¢-R,, is nota
hydrogen atom; at least one of R;,-R, is not a hydrogen
atom; and at least one of R, R, is not a hydrogen atom.
Further, R, is an alkyl group.

[0110] A cycloalkyl group, an aralkyl group, an alkoxy
group, a cycloalkoxy group, an aryloxy group, an aralkyloxy
group, an acyl group, a carbonyloxy group, an oxycarbonyl
group and an oxycarbonyloxy group represented by R¢-R,,;
include similar groups with aforesaid R, -R,.

[0111] A molecular weight of polyhydric alcohol ester pre-
pared in this manner is not specifically limited, however, is
preferably 300-1,500 and more preferably 400-1,000. It is
preferable that the molecular weight is the larger because the
ester becomes difficult to evaporate, while the molecular
weight is preferably the smaller with respect to moisture
permeability and compatibility with cellulose ester.

Formula (4)
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[0112] In the following, specific compounds of polyhydric
alcohol utilized in this invention will be shown.
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[0113] Polarizing plate protective films b and ¢ preferably
contain an ester compound, which is manufactured from
organic acid represented by formula (2) and polyhydric alco-
hol having not less than three valencies, according to this
invention as a plastisizer; however, also may contain a plas-
tisizer other than this in combination.

[0114] An ester compound, which is comprised of organic
acid represented by formula (2) and polyhydric alcohol hav-
ing not less than three valencies, according to this invention is
characterized by high compatibility with cellulose ester to
enable incorporation at a high addition rate, therefore the
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012.88

ester compound barely generates bleed-out even when other
plastisizers and additives are incorporated together and other
types of plastisizers and additives can be appropriately easily
utilized in combination.

[0115] Herein, at the time of utilizing other plasitsizers in
combination, a plastisizer according to this invention is pref-
erably contained at not less than 50 weight % based on the
total plastisizers. It is more preferably contained at not less
than 70 weight % and furthermore preferably not less than 80
weight %. In the case of such a range, it is possible to improve
bleed-out and moisture permeability even in combination
with other plasticizers.
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[0116] (Other Plastisizers) Phosphor Type Compound
[0117] In this invention, other plastisizers utilized together [0124]

include an aliphatic carboxylic acid-polyhydric alcohol type

plasticizer, an unsubstituted aromatic carboxylic acid or

cycloalkylcarboxylic acid-polyhydric alcohol type plastisizer OH

such as described in paragraphs 30-33 of JP-A 2003-12823; a

polybasic carboxylic acid ester type plasticizer such as dio-

ctyl adipate, dicyclohexyl adipate, diphenyl succinate, di-2-

naphthyl-1,4-cyclohexyl dicarboxylate, tricyclohexyl tricar-

bamate, tetra-3-methylphenyltetrahydrofuran-2,3.4,5-

tetracarboxylate, tetrabutyl1,2,3,4-

cyclopentatetracarboxylate, triphenyl-1,3,5-

cyclohexyltricarboxylate  and  triphenylbenzene-1,3,5-
O
|
P

tricarboxylate; a phthalic acid type plastisizer (such as diethyl
phthalate, dimethoxy phthalate, dimethyl phthalate, dioctyl
phthalate, dibutyl phthalate, di-2-ethylhexyl phthalate, dicy-
clohexyl phthalate, dicyclohexyl terephthalate, meth-

O/ \O
vlphthalyl methylglycolate, ethylphthalyl ethylglycolate,
propylphthalyl propylglycorate and butylphthalyl butylgly-
colate), a citric acid type plastisizer (such as acetyltrimethyl
citrate, acetyltriethyl citrate and acetyltributyl citrate), a
phosphoric acid type plastisizer such as triphenyl phosphate,
biphenyldiphenyl phosphate, butylenebis(diethylphosphate),
ethylenebis(diphenylphosphate), phenylenebis(dibutylphos-

phate) (Adekastab PFR, manufactured by Asahi Denka .
Kogyo K.K.), phenylenebis(diphenylphosphate) (Adekastab Sumilezer GP

FP 500, manufactured by Asahi Denka Kogyo KK.) and
bisphenol A diphenylphosphate (Adekastab FP 600, manu-
factured by Asahi Denka Kogyo K.K.); a polymer polyester
type plasticizer such as described in paragraphs 49-56 of
JP-A 2002-22956; and a polyether type plastisizer.
O_

[0118] Inthisinvention, itis preferable to utilize a phthalic
acid ester type plastisizer, a polybasic carboxylic acid ester
type plastisizer, a citric acid ester type plastisizer, a polyester
type plastisizer, a polyether type plastisizer and an acrylic
resin type plastisizer.

[0119] Herein, polarizing plate protective films b and ¢
according to this invention preferably have a yellowness (yel-
low index, YT) of not more than 3.0 and more preferably not
more than 1.0 since it affects to contrast when being tinted
Yellowness can be measured based on JIS-K7103. PEP-24G
[0120] (Other Additives)

[0121] Other additives preferably utilized in this invention
will now be explained.

[0122] A preferable phosphor type stabilizer as other addi- [0125]

tives is not specifically limited provided being those generally

utilized in a ordinary resin industry; for example, preferable

are a monophosphite type compound such as triphenyl phos-

phite, diphenylisodecyl phosphite, phenyldiisodecyl phos- 0

phite, tris(nonylphenyl)phosphite, tris(dinonyl)phosphate, 0
tris(2,4-di-t-butylphenyl)phosphate and 10-(3,5-di-t-butyl-4- HZSC”S/\/( 0
hydroxybenzyl)-9,10-dihydro-9-oxa-10-phosphaphonan- 0
thrne-10-oxide; and a diphosphite type compound such as
4,4'-butyridene-bis(3-methyl-6-t-butylphenyl-di-tride-

cylphosphite) and 4,4'-isopropylidene-bis(phenyl-di-alkyl 7/\/SC12H25
(C12-C15)phosphite); and specifically preferable are such as 0
tris(nonylphenyl)phosphite, tris(dinonyl)phosphate and tris

(2,4-di-t-butylphenyl)phosphate. 0

[0123] A preferable sulfur type stabilizer includes such as

dilauryl-3,3-thiodipropionate,  dimyristyl-3,3-thiodipropi-

onate, distearyl 3,3-thiodipropionate, laurylstearyl 3,3-thio- SCppHys

dipropionate,  pentaerythritol-tetrakis(p-lauryl-thiopropi- SQumilezer TP-D

onate) and 3,9-bis(2-dodecylthioethyl)-2,4,8,10-

tetraoxaspiro[ 5,5 Jundecane.

N

[¢]
P :X:
]

O\ /O

Sulfur Type Compound

SCoHps



US 2009/0251643 A1

[0126] Sumileser GP: manufactured by Sumitomo Chemi-
cal Co., Ltd.

[0127] PFP-24G: manufactured by Asahi Denka Kogyo
K.K.

[0128] Sumileser TP-D: manufactured by Sumitomo

Chemical Co., Ltd.

[0129] Further, listed are an anti-thermal processing stabi-
lizer such as 2-tert-butyl-6-(3-tert-butyl-2 hydroxy-5-meth-
ylbenzyl)-4-methylphenylacrylate, 2-[1-(2-hydroxy-3,5-di-
tert-pentylpheyl)ethyl]-4,6-di-tert-pentylphenylacrylate; a
3,4-dihydro-2H-1-benzopyrane type compound; a 3,3'-spi-
rocumarone type compound, a 1,1-spiroindane type com-
pound, and a compound provided with a morpholine, thio-
morpholine oxide, thiomorpholine dioxide or piperazine
skeleton as a partial structure which are described in Exam-
ined Japanese Patent Application Publication No. §-27508;
and an oxygen scavenger such as a dialkoxybenzene type
compound described in JP-A 3-174150. A partial structure of
these antioxidants may be pendanted to a part of polymer or
regularly pendanted to polymer, and may be introduced into a
part of a molecular structure of additives such as a plasticizer,
an acid scavenger and an ultraviolet absorbent.

[0130] (Acid Scavenger)

[0131] With respect to an acid scavenger, an epoxy com-
pound as an acid scavenger described in U.S. Pat. No. 4,137,
201 is preferably incorporated. Such an epoxy compound as
an acid scavenger is well known in the art and includes dig-
lycidyl ether of various polyglycols, particularly, polyglycol
which is derived by condensation of approximately 8-40 mol
of ethyleneoxide per 1 mol of polyglycol and diglycidyl ether
of glycelol; a metal epoxy compound (for example, those
conventionally utilized in and utilized together with, a vinyl
chloride polymer composition); an epoxidated ether conden-
sate, diglycidyl ether of bisphenol A (that is 4,4'-dihydroxy-
diphenylmethyl methane), epoxidated unsaturated fatty acid
ester (particularly, ester of alkyl having a carbon number of
4-2 and fatty acid having a carbon number of 2-22 (such as
butylepoxy stearate)); and various epoxidated long chain
fatty acid triglycerides (for example, epoxidated vegetable oil
and other unsaturated natural oil represented and exemplified
by a composition of such as epoxidated soy bean oil (these
sometimes referred to as epoxidated natural glyceride or
unsaturated fatty acid, and these fatty acids generally have a
carbon number of 12-22)). Specifically preferable are
epoxide resin compound EPON BS15¢ (manufactured by
Miller-Stephenson Chemical Company, Inc.) available on the
market and other epoxidated ether oligomer condensates of
formula (5).

0 CHj3
CH,—CH—CH, o] T
C

H.

T 3
* C OCH,—CH—CH,
| \O/

CHz

H;

(l)H
@OCHZ—CH—CHZ 0
n
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[0132] In the above formula, n is equal to 0-12. Further
utilizable acid scavengers include those described in para-
graphs 87-105 of JP-A 5-194788.

[0133] (Light Stabilizer)

[0134] A light stabilizer includes a hindered amine light
stabilizer (HALS) compound, and this is a well known com-
pound in the art including, for example, a 2,2,6,6-tetraalky-
Ipiperidine compound, acid adduct salt thereof or a complex
thereof with a metal compound, as described in columns 5-11
of U.S. Pat. No. 4,619,956 and columns 3-5 of U.S. Pat. No.
4.839.405. Such compounds include those of following for-
mula (6).

Formula (6)

Ry
N— R2
H
[0135] Intheabove formula,R, andR, each are a hydrogen

atom or a substituent. Specific examples of a hindered amine
light stabilizer include 4-hydroxy-2,2,6.6-tetramethylpiperi-
dine, 1-allyl-4-hydroxy-2,2,6,6-tetramethylpiperidine,
1-benzyl-4-hydroxy-2,2,6,6-tetramethylpiperidine,
4-stearoyloxy-2,2,6,6-tetramethylpiperidine, 1-ethyl-4-sali-
cyloyloxy-2,2,6,6-tetramethylpiperidine, ~ 4-methacryloy-
loxy-1,2,2,6,6-pentamethylpiperidine, 1,2,2,6,6-pentameth-
ylpiperidine-4-y1-p(3,5-di-t-butyl-4-hydroxyphenyl)-
propionate, 1-benzyl-2,2,6,6-tetramethyl-piperidinyl-
maleinate, (di-2,2,6,6-tetramethylpiperidine-4-yl)-adipate,
(di-2,2,6,6-tetramethylpiperidine-4-yl)-sebacate, (di-1,2,3,
6-tetramethyl-2,6-diethyl-piperidine-4-yl)-sebacate, (di-1-
allyl-2,2,6,6-tetramethylpiperidine-4-yl)-phthalate, 1 acetyl-
2,2,6,6-tetramethylpiperidine-4-yl-acetate, trimellitic acid-
tri-(2,2,6,6-tetramethylpiperidine-4-yl)-ester, 1-acryloyl-4-
benzyloxy-2,2,6,6-tetramethylpiperidine, ~ dibutyl-malonic
acid-di-(1,2,2,6,6-pentamethylpiperidine-4-yl)-ester, diben-
zyl-malonic acid-di-(1,2.3,6-tetramethyl-2,6-diethyl-piperi-
dine-4-yl)-ester,  dimethyl-bis-(2,2,6,6-tetramethylpiperi-
dine-4-oxy)-silane, tris-(1-propyl-2,2,6,6-
tetramethylpiperidine-4-yl)-phosphate, ~ N,N'-bis-(2,2,6,6-
tetramethylpiperidine-4-yl)-hexamethylene-1,6-diamine,
N,N'-bis-(2,2,6,6-tetramethylpiperidine-4-yl)-hexamethyl-
ene-1,6-diacetoamide, 1-acetyl-4-(N-cyclohexylamido)-2,2,
6,6-tetramethylpiperidine,  4-benzylamino-2,2,6,6-tetram-

Formula (5)

&
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ethylpiperidine, N,N'-bis-(2,2,6,6-tetramethylpiperidine-4-
y1)-N,N'-dibutyl-adipamide, N,N'-bis-(2,2,6,6-
tetramethylpiperidine-4-y1)-N N'-cyclohexyl-(2-
hydroxypropylene), N,N'-bis-(2,2,6,6-
tetramethylpiperidine-4-yl)-p-xylylene-diamine,  4-(bis-2-
hydroxyethyl)-amino-1,2,2.6,6-pentamethylpiperidine,
4-methacrylamido-1,2,2,6,6-pentamethylpiperidine and
a-cyano-f-methyl-p-[N-(2,2,6,6-tetramethylpiperidine-4-
yl)]-amino-acrylic acid methyl ester. Examples of a prefer-
able hindered amine light stabilizer include the following
HALS-1 and HALS-2.

0 0
H——0 Il Il
N—CH;CH, — 0—C— CH,CH,—C 0—CH;
H
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benzotriazole, 2,2-methylenebis-(4-(1,1,3,3-
tetramethylbutyl)-6-(2H-benzotriazole-2-yl)phenol), 2-(2'-
hydroxy-3*-tert-butyl-5'-methylphenyl)-5-
chlorobenzotriazole, 2-(2H-benzotriazole-2-y1)-6-(straight-
chain and branched dodecyl)-4-methylphenol and mixture of
octyl-3-[3-tert-butyl-4-hydroxy-5-(chloro-2H-benzotriaz-
ole-2-yl)phenyl]propionate and 2-ethylhexyl-3-[3-tert-butyl-
4-hydroxy-5-(chloro-2H-benzotriazole-2-yl)phenyl]propi-
onate, however, are not limited thereto.

[0140] Further, as products available on the market, Tinu-
vin 109, Tinuvin 171 and Tinuvin 360 (all are manufactured

HALS-1

HALS-2
Bu()

Bu() o
0 OH
HO 0 v NS
0 Bu(t)
Bu(t)

[0136] These hindered amine type light stabilizers each can
be utilized alone or in combination of at least two types, and
these hindered amine type light stabilizers may be utilized
together with an additive such as a plastisizer, an acid scav-
enger and an ultraviolet absorbent, or may be introduced in a
part of a molecular structure of an additive. The blending
amount is selected in a range not to disturb an object of this
invention, however, is preferably 0.01-10 weight %, more
preferably 0.01-5 weight % and specifically preferably 0.05-1
weight %, in film.

[0137] (Ultraviolet Absorbent)

[0138] As an ultraviolet absorbent, preferable are those
superior in absorption capability against ultraviolet rays of a
wavelength range of not longer than 370 nm with respect to
deterioration prevention against ultraviolet rays of a polarizer
and a display apparatus, and having small absorption of vis-
ible light of a wavelength range of not shorter than 400 nm.
Listed are such as an oxybenzophnone type compound, a
benzotriazole type compound, a salicic acid ester type com-
pound, a benzophenone type compound, a cyanoacrylate type
compound and a nickel complex salt type compound; how-
ever, preferable are a benzophenone type compound and a
benzotriazole type compound which exhibits little coloring.
Further, ultraviolet absorbents described in JP-A Nos.
10-182621and 8-337574, and polymer ultraviolet absorbents
described in JP-A 6-148430 may be also utilized.

[0139] Specific examples of a useful benzotriazole type
ultraviolet absorbent include such as 2-(2'-hydroxy-5'-meth-
ylphenyl)benzotriazole, 2-(2'-hydroxy-3',5'-di-tert-butylphe-
nyl)benzotriazole, 2-(2'-hydroxy-3'-tert-butyl-5'-methylphe-
nyl)benzotriazole, 2-(2'-hydroxy-3',5'-di-tert-butylphenyl)-
5-chlorobenzotriazole, 2-(2'-hydroxy-3'-(3",4",5",6"-
tetrahydrophthaloylimidomethyl)-5'-methylphenyl)

by Ciba Specialty Chemicals Co., Ltd.); and LA 31 (manu-
factured by Asahi Denka K.K.) can be also utilized.

[0141] Examples of a benzophenone type compound
include such as 2,4-dihydroxybenzophenone, 2,2'-dihy-
droxy-4-methoxybenzophenone, 2-hydroxy-4-methoxy-5-
sulfobenzophenone and bis(2-methoxy-4-hydroxy-5-ben-
zoylphenylmethane), however, are not limited thereto.
[0142] In this invention, an ultraviolet absorbent is prefer-
ably added at 0.1-20 weight %, more preferably at 0.5-10
weight % and furthermore preferably at 1-5 weight %. At
least two types thereof may be utilized together.

[0143] (Matting Agent)

[0144] Polarizing plate protective films b and ¢ according to
this invention can be added with micro-particles such as a
matting agent to provide sliding property, and micro-particles
include micro-particles of an inorganic compound or micro-
particles of an organic compound. A matting agent is prefer-
ably comprised of micro-particles as much as possible, and
micro-particles include inorganic micro-particles of such as
silicon oxide, titanium dioxide, aluminum oxide, zirconium
oxide, calcium carbonate, kaolin, talc, calcined calcium sili-
cate, hydrated calcium silicate, aluminum silicate, magne-
sium silicate and calcium phosphate, and cross-linked poly-
mer micro-particles. Among them, silicon dioxide is
preferable because it can reduce haze. Micro-particles such as
silicon dioxide is often subjected to a surface treatment by an
organic substance, and such micro-particles are preferable
because of haze reduction of film.

[0145] An organic substance preferable in a surface treat-
ment includes such as halosilanes, alkoxysilanes, silazane
and siloxane. A sliding property effect is large when a mean
particle size of micro-particles is the larger, and, on the con-
trary, transparency is excellent when a mean particle size is
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the smaller. Further, a mean particle size of secondary par-
ticles of micro-particles is in a range of 0.05-1.0 um. A mean
particle size of secondary particles of micro-particles is pref-
erably in a range of 5-50 nm and more preferably 7-14 nm.
These micro-particles are preferably utilized in polarizing
plate protective films b and ¢ to produce roughness of 0.01-
1.0 um on the surfaces of polarizing plate protective films b
and ¢. The content of micro-particles is preferably 0.005-0.3
weight % against cellulose ester.

[0146] Micro-particles of silicon dioxide include Aerosil
200, 200V, 300,R972,R972V,R974,R202, R812, 0X50 and
TT600, manufactured by Nippon Aerosil Co., Ltd., and pref-
erable are Aerosil 200V, R972, R972V, R974, R202 and
R812. These micro-particles may be utilized in combination
of at least two types. In the case of utilizing not less than two
types, they can be utilized by mixing at an arbitrary ratio. In
this case, micro-particles having different mean particle size
and comprising different materials, such as Aerosil 200V and
R972V, can be utilized in a range of 0.1/99.9-99.9/0.1 based
on weight % ratio.

[0147] Presence of micro-particles utilized as the above-
described matting agent in film can be utilized also for
strength improvement of film as a different purpose. Further,
presence of micro-particles in film is also capable of improv-
ing orientation property of polymer itself which constitutes
polarizing plate protective films b and c.

[0148] (Retardation Controlling Agent)

[0149] Polarizing plate protective films band ¢ according to
this invention can employ an aromatic compound such as
described in European Patent No. 911,656A2 as a retardation
controlling agent to adjust retardation. Further, at least two
types of aromatic compounds can be utilized together. An
aromatic ring of the aromatic compound includes an aromatic
heterocycle in addition to an aromatic hydrocarbon ring. An
aromatic heterocycle is specifically preferable and an aro-
matic heterocycle is generally an unsaturated heterocycle.
Among them, a compound provided with a 1,3,5-triazine ring
is specifically preferable.

[0150]

[0151] Inthisinvention, to incorporate the above-described
compound includes not only a state of the compound being
contained in the interior of cellulose ester but also being
present simultaneously in the interior and on the surface.

[0152] In amixture of cellulose ester and a compound, the
particle size of the compound in a mixture is nor larger than 1
pm, preferably not larger than 500 nm and furthermore pref-
erably not larger than 200 nm. It is preferable that the particle
size of a compound is the smaller, with respect to processing
stability of a melt molding product and homogeneous distri-
bution of optical characteristics.

[0153] The above-described mixture of cellulose ester and
an additive and additives incorporated at the time of thermal
melting are preferably dried. Herein to dry means to eliminate
water or a solvent employed at the preparation of a mixture of
cellulose ester and an additive, and a solvent mixed at the time
of synthesis of an additive in addition to a moisture content
absorbed by any of materials.

[0154] As this method for elimination, any drying method
well known in the art such as a heating method, a reduced
pressure method and a heating under reduced pressure
method can be applied, and drying may be conducted in the
air or under an environment of nitrogen selected as an inert
gas. When these drying method well known in the art is

(Incorporation of Each Compound)
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practiced, it is preferable to conduct the method in a tempera-
ture range not to decompose materials, with respect to quality
of film.

[0155] For example, the residual moisture and solvent after
having been removed in the aforesaid drving process each are
not more than 10 weight %, preferably not more than 5 weight
%, more preferably not more than 1 weight % and further-
more preferably not more than 0.1 weight %, against the total
weight of materials constituting film. In this case, the drying
temperature is preferably not lower than 100° C. and not
higher than Tg of materials to be dried. In consideration of
avoiding fusing of materials each other, the drying tempera-
ture is more preferably not lower than 100° C. and not higher
than (Tg-5) ° C. and furthermore preferably not lower than
110° C. and not higher than (Tg-20) ° C. The drying time is
preferably 0.5-24 hours, more preferably 1-18 hours and fur-
thermore preferably 1.5-12 hours. Drying degree may be
insufficient or excessive drying time may be required when
the drying temperature is lower than these ranges. Further,
when a material to be dried has Tg, material may be adhered
with melting to make the handling difficult when a material is
heated at a drying tempetrature of not lower than Tg.

[0156] The drying process may be divided into at least two
steps, and, for example, melt-casting may be conducted
through a preliminary drying process for storage of materials
and a direct before drying process conducted between imme-
diately before and one week before melt-casting.

[0157] (Manufacturing Method of Polarizing Plate Protec-
tive Films b and ¢)

[0158] A thickness of polarizing plate protective films b
and ¢ according to this invention is preferably 10-500 um. It
is more preferably not less than 20 um and furthermore pref-
erably not less than 35 pm. It is more preferably not more than
150 um and furthermore preferably not more than 120 um. It
is specifically preferably 25-90 um. Further, a haze value is
preferably less than 1% and more preferably less than 0.5%.
[0159] Polarizing plate protective films b and ¢ are prefer-
ably manufactured by a melt-casting method. A melt-casting
method in this invention means that polymer such as cellulose
ester is melted with heating up to a temperature to show
fluidity and successively fluid polymer such as cellulose ester
is cast. A molding method by thermal melting is further
specifically classified into such as a melt extrusion molding
method, a press molding method, an inflation method, an
injection molding method, a blow molding method and a
stretching molding method. Among them, a melt extrusion
method is superior to prepare polarizing plate protective film
being excellent in such as mechanical strength and surface
precision. Herein, to extrusion cast materials constituting
film, after having been heated to exhibit the fluidity, on a drum
or an endless belt to form film is included in a manufacturing
method of polarizing plate protective film of this invention as
a melt-casting method.

[0160] A mixture of polymer such as cellulose ester and
additives according to this invention is melt extruded into a
film form by a T type die, being adhered on a cooling drum by
such as a static application method, followed by being dried to
be a solid, whereby un-stretched film is prepared. Tempera-
ture of a cooling drum is preferably kept at 90-150° C.
[0161] For melt extrusion, a mono-axial extruder, a bi-axial
extruder or a bi-axial extruder on the down stream of which a
mono-axial extruder is connected may be utilized; however, a
mono-axial extruder is preferably utilized with respect to
processing stability and optical characteristics of prepared
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film. Further, a supply and melt process of raw materials such
as a raw material tank, a charging part of a raw material and
the interior of an extruder is preferably replaced by an inert
gas or evacuated.

[0162] Temperature at the time of the aforesaid melt extru-
sion is preferably in a range of 200-280° C.

[0163] Polarizing plate protective films b and ¢ of this
invention are preferably cast with stretching in the width
direction or in the casting direction. Particularly, it is prefer-
ably stretched in the width direction.

[0164] The aforesaid unstretched film, which is prepared
by being peeled off from a cooling drum, is preferably heated
at a temperature range from a glass transition temperature
(Tg) of polymer such as cellulose ester to Tg+100° C. through
a heating system such as a group of plural rolls and/or an
infrared heater and subjected to one-step or multi-step longi-
tudinal stretching. Next, longitudinally stretched polarizing
plate protective film prepared in the above manner is prefer-
ably horizontally stretched at a temperature range from Tg to
(Tg-20) ° C., followed by being thermally fixed.

[0165] In the case of horizontal stretching, horizontal
stretching is preferably conducted by gradually raising tem-
perature by a temperature difference of 1-50° C. in a stretch-
ing zone divided into not less than two steps because distri-
bution of physical properties along the width direction can be
reduced. Further, after horizontal stretching, film is prefer-
ably kept at a temperature range from not higher than the final
horizontal stretching temperature to not lower than Tg—40° C.
for 0.01-5 minutes to further reduce distribution of physical
properties along the width direction.

[0166] Thermal fixing is conducted at a temperature range
from not higher than the final horizontal stretching tempera-
ture to not lower than Tg 20° C. for generally 0.5-300 sec-
onds. At this time, it is preferable to conduct thermal fixing by
gradually raising temperature by a temperature difference of
1-100° C. in a zone divided into not less than two steps.

[0167] Thermally fixed film is generally cooled downtonot
higher than Tg and is wound up with cutting a grip portion at
the both film edges. At this time, it is preferable to conduct a
relaxation treatment by 0.1-10% in the width direction or in
the longitudinal direction at a temperature range from not
higher than a thermal fixing temperature and not lower than
Tg. Further, cooling is preferably conducted gradually at a
cooling rate of not faster than 100° C./sec from the final
thermal fixing temperature to Tg. A means for a cooling and
relaxation treatment is not specifically limited and any
method well known in the art can be utilized, however, the
treatment is preferably conducted with gradual cooling at
plural temperature regions, with respect to dimension stabil-
ity of film. Herein, a cooling rate is a value determined by
(T1-Tg)/t when the final thermal fixing temperature is T1 and
atime for film to reach Tg from the final fixing temperature is
t.

[0168] Since a better condition of these thermal fixing and
a cooling and relaxation treatment differs depending on a
polymer type such as cellulose ester constituting film, they
will be determined by measuring physical properties of bi-
axially stretched film and appropriately adjusting so as to
provide preferable characteristics.

[0169]
[0170] Polarizing plate protective films b and ¢ can control
a refractive index by a stretching operation. As a stretching
operation, a refractive index can be controlled in a preferable

(Stretching Operation, Refractive Index Control)
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range by stretching by 1.0-2.0 times in the film plane direction
and by 1.01-2.5 times in the direction perpendicular thereto in
the film plane.

[0171] For example, in the longitudinal direction of film
and the direction perpendicular thereto in the film plane, that
is the width direction, stretching can be successively or simul-
taneously conducted. At this occasion, a sufficient phase dif-
ference cannot be obtained when the stretching magnification
is excessively small at least in one direction, while stretching
becomes difficult to possibly generate a brake when it is too
large.

[0172] For example, in the case of stretching in the direc-
tion of melt-casting, a refractive index along the width direc-
tion of film becomes too large when shrinkage in the width
direction is excessively large. In this case, it can be improved
by restraining width shrinkage of film or by stretching also in
the width direction. In the case of conducting stretching in the
width direction, there may be sometimes caused a distribution
of a refractive index along the width direction. This can be
seen in the case of employing a tenter method, and is a
phenomenon caused by generation of shrinking force at the
central part of film due to stretching in the width direction,
which is considered to be a so-called bowing phenomenon.
Even in this case, a bowing phenomenon can be restrained by
stretching in the casting direction, and distribution of phase
difference along the width direction can be minimized.
[0173] Further, by stretching in the biaxial directions per-
pendicular to each other, thickness variation of prepared film
can be decreased. When thickness variation of polarizing
plate protective films b and ¢ is excessively large, unevenness
of phase difference is caused to possibly induce a problem of
unevenness of such as tinting when utilized in a liquid crystal
display.

[0174] Fluctuation of layer thickness of polarizing plate
protective films b and cis preferably setin a range of +3% and
more preferably within a range of +1%. In the object as
described above, effective is a method to conduct stretching in
biaxial directions crossing straight with each other; stretching
magnifications in biaxial directions crossing straight with
each other are preferably set finally to in a range of 1.0-2.0
times in the casting direction and 1.01-2.5 times in the width
direction, respectively, and more preferably set to in a range
of 1.01-1.5 times in the casting direction and 1.05-2.0 times in
the width direction.

[0175] 1In the case of utilizing cellulose ester as polymer to
obtain a positive double refraction against stress, a slow axis
of cellulose ester can be provided along the width direction by
conducting horizontal stretching. In this case, in this inven-
tion, to improve display quality, the slow axis of cellulose
ester is preferably present along the width direction and is
required to satisfy (stretching magnification in the width
direction)>(stretching magnification in the casting direction).
[0176] A method to stretch film is not specifically limited.
Listed are such as a method to conduct longitudinal stretching
by setting a circumferential speed difference among plural
rolls to utilize the circumferential speed difference; a method
to conduct longitudinal stretching by fixing the both edges of
film by clips or pins, the intervals of which are broadened
along the proceeding direction; a method to conduct horizon-
tal stretching by similarly broadening along the horizontal
direction; or a method to conduct longitudinal and horizontal
stretching by broadening simultaneously along the longitu-
dinal and horizontal directions. Of course these methods may
be utilized in combination. Further, in a so-called tenter
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method, it is preferable to drive a grip portion by a liner drive
mode to enable smooth stretching, because such as risk of
break will be decreased.

[0177] These width holding or horizontal stretching in a
film casting process is preferably conducted by a tenter, and
by either a pin tenter or a clip tenter.

[0178] (Retardation Value)

[0179] Polarizing plate protective films b and ¢ according to
this invention are preferably provided with a slow axis along
the width direction, a intra-plane phase difference value Ro at
589 nm of 30-100, a phase difference in the thickness direc-
tion Rt 0of 70-300 and Rt/Ro of 2-5. To be provided with these
phase difference values contributes excellent enlargement of
a viewing angle.

Ro=(nx-ny)xd

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

[0180] In the formula, nx is a refractive index in the slow
axis direction in the film plane; ny is a refractive index in the
fast axis direction in the film plane; nz is a refractive index in
the film thickness direction; and d is a thickness (nom) of film.
[0181] Further, a width of fluctuation or distribution of Rt in
the film plane is preferably less than +10 nm, more preferably
less than +8 nm and furthermore preferably less than +5 nm.
Further it is preferably less than +3 nm and more preferably
+1 nm. It is most preferable that there is no fluctuation of Rt.
[0182] Herein, retardation values (Ro) and (Pt) can be mea-
sured by use of an automatic double refractometer. For
example, it can be determined by use of KOBRA-21ADH
(manufactured by Oji instruments Co., Ltd.) under 23° C. and
55% RH at a wavelength of 589 nm.

[0183] Further, a slow axis is preferably present at +1° in
the width direction or at +1° in the longitudinal direction, of
alonglength film. It is more preferably present at +0.7° in the
width direction or at +0.7° in the longitudinal direction, fur-
thermore preferably at +0.5° in the width direction or at £0.5°
in the longitudinal direction and most preferably at £0.1°.
[0184] To satisfy the above-described relation contributes
to obtain a high brightness, and to restrain or prevent light
leakage in a display image, as well as to obtain faithful color
reproduction in a color liquid crystal display apparatus.
[0185] (Dimension Stability)

[0186] Polarizing plate protective films b and ¢ of this
invention are preferably provided with a variation value in
dimension stability of less than +1.0% at 80° C. and 90% RH,
more preferably less than +0.5% and specifically preferably
less than +0.1, based on the size of film having been kept at
23°C. and 55% RH for 24 hours.

[0187] (Residual Solvent and Moisture Content of Film)
[0188] Since polarizing plate protective films b and ¢ of this
invention essentially do not utilize a solvent in the casting
process, the residual solvent amount contained in film having
been wound after casting is constantly less than 0.1 weight %,
whereby prepared can be polarizing plate protective film hav-
ing flatness and Rt of more stable than ever. Particularly, even
with a long length roll of not shorter than 100 m, polarizing
plate protective film having stable flatness and Rt can be
prepared. Length of the polarizing plate protective film is not
specifically limited and either length of 1,500 m, 2,500 m or
5,000 m may be preferably utilized.

[0189] A residual solvent amount can be measured by
means of head space gas chromatography. That is, a known
amount of polarizing plate protective film was heated in a
sealed container at 120° C. for 20 minutes and an organic

Oct. 8, 2009

solvent contained in the sealed container is determined. From
this result, a residual organic solvent amount (%) can be
calculated.

[0190] Further, when film contains moisture, a water con-
tent (g) contained in polarizing plate protective film is further
determined by another method, and a value of a weight dif-
ference (g) before and after the aforesaid heat treatment of
polarizing plate protective film minus a water content (g) is
determined, whereby a residual organic solvent content (%)
can be calculated.

[0191] Tt is difficult to make a residual organic solvent
amount of not more than 0.1 weight % in polarizing plate
protective film prepared by a solution casting method and a
long drying process is required to achieve this, however,
polarizing plate protective film having a very low residual
organic solvent content can be prepared at a low cost accord-
ing to a method of this invention.

[0192] When film constituting materials are melt with heat-
ing, a decomposition reaction becomes vigorous to possibly
accompany tinting and deterioration due to this decomposi-
tion reaction. Further, an unfavorable volatile component
may be generated together due to the decomposition reaction.
[0193] (Polarizing Plate Protective Films a and d)

[0194] Inpolarizing plate protective films a and d, polymer
utilized in film is preferably at least one type selected from
cellulose ester, cycloolefin type polymer, polycarbonate type
polymer, polylactic acid type polymer and polyester type
polymer. In the case of a primary component of polarizing
plate protective film being cellulose ester, the cellulose ester
is preferably at least one type selected from cellulose acetate,
cellulose acetate propionate and cellulose acetate butyrate.
[0195] Polarizing plate protective films aand d are identical
with or different from each other. Further, polarizing plate
protective films a and d are also preferably provided with the
following functional layer on the surface opposite to the sur-
face which is laminated on polarizing film.

[0196] (Cellulose Ester Film)

[0197] Inthe case that a primary component of polymer of
polarizing plate protective films a and d is cellulose ester,
cellulose ester and additives similar to the afore the polarizing
plate protective films b and ¢ can be utilized. A forming
method of cellulose ester film is not specifically limited, and
either a heat melt molding method or a solution casting
method can be employed. A thickness of film is generally
5-200 pm, preferably 10-200 um and more preferably 20-100
wm. Handling is difficult at the time of lamination when the
thickness is excessively thin, while drying time after lamina-
tion becomes long to decrease productivity when the thick-
ness is excessively thick.

[0198] A stretching magnification is 1.0-2.0times and pref-
erably 1.05-1.5 times, and a desired retardation will be set in
this range. A phase difference value in the plane Ro at 589 nm
is 0-50 nm and preferably 0-20 nm. Further, a phase differ-
ence value in the thickness direction 1s —=20-50 nm and pref-
erably —10-20 nm.

[0199] Retardation can be controlled by retardation before
stretching, a stretching magnification, stretching temperature
and thickness of stretching-oriented film. In the case that
thickness of a sheet before stretching is a constant, since there
is a tendency of increasing an absolute value of retardation
with film having the larger stretching magnification, stretch-
ing-oriented film having a desired retardation can be prepared
by changing a stretching magnification.
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[0200] Tt is preferable that a variation of retardation is the
smaller, and a retardation variation of cellulose ester at a
wavelength of 589 nm is as small as generally within +50 nm,
preferably within +30 nm and more preferably within 20
nm.

[0201] Variation of retardation in the plane and uneven
thickness can be made small by making stress being evenly
applied on a sheet before stretching in addition to by utilizing
a sheet before stretching having small values thereof. For this
purpose, it is preferable to conduct stretching under an envi-
ronment of uniform temperature distribution and of con-
trolled temperature of preferably within £5° C., more prefer-
ably within +2° C. and most preferably within +0.5° C.
[0202] (Functional Layer)

[0203] At thetime of manufacturing of the above-described
polarizing plate protective films a and d, provided by coating
may be a functional layer such as an antistatic layer, a hard
coat layer, anantireflection layer, a sliding property providing
layer, an adhesion layer, an antiglare layer and an optical
compensation layer, before and/or after stretching. Particu-
larly, itis preferable to provide at least one layer selected from
an antistatic layer, a hard coat layer, an antireflection layer, a
sliding property providing layer, an adhesion layer, an anti-
glare layer and an optical compensation layer. At this time,
each surface treatment of such as a corona discharge treat-
ment, a plasma treatment and a chemical solution treatment
may be appropriately provided.

[0204] (Cycloolefin Type Polymer Film)

[0205] Cycloolefin type polymer film preferably utilized in
this invention will now be explained.

[0206] Cycloolefin type polymer film utilized in this inven-
tion is comprised of polymer containing an alicyclic struc-
ture.

[0207] Preferable cycloolefin type polymer is polymer
comprising polymerized or copolymerized cyclic olefin.
Cyclic olefin includes such as unsaturated hydrocarbon hav-
ing a polycyclic structure and derivatives thereof such as
norbornene, dicyclopentadiene, tetracyclodecene, ethyletet-
racyclodecene, ethylidenetetracyclodecene, tetracyclo[7.4.0.
110,12.02.7]trideca-2,4,6,11-tetraene; unsaturated hydrocar-
bon having a monocyclic structure and derivatives thereof
such as cyclobutene, cyclopentene, cyclohexene, 3,4-dimeth-
vlcyclopentene, 3-methylcyclohexene, 2-(2-methylebutyl)-
l-cyclohexene, cyclooctene, 3a,5,6,7a-tetrahydro-4,7-
methano-1H-indene, cycloheptene, cyclopentadiene and
cyclohexadiene. These cyclic olefin may be provided with a
polar group as a substituent. A polar group includes a
hydroxyl group, a carboxyl group, an alkoxy group, an epoxy
group, a glycidyl group, an oxycarbonyl group, a carbonyl
group, an amino group, an ester group and a carboxylic acid
unhydride group, and specifically preferable are an ester
group, a carboxyl group or a carboxylic acid unhydride
group.

[0208] Preferable cycloolefin polymer may be those in
which monomer other than cycloolefin is addition copoly-
merized. Monomer capable of addition copolymerization
includes ethylene or a-olefin such as ethylene, propylene,
1-butene and 1-pentene; or diene such as 1.4-hexadiene,
4-methyl-1,4-hexadiene, 5-methyl-1.4-hexadiene and 1,7-
octadiene.

[0209] Cycloolefin can be prepared by an addition poly-
merization reaction or a metathesis ring-opening polymeriza-
tion reaction. Polymerization is conducted in the presence of
a catalyst. An addition polymerization catalyst includes such

Oct. 8, 2009

as a polymerization catalyst comprising a vanadium com-
pound and an organoaluminum compound. A ring-opening
polymerization catalyst includes halogenide of metal such as
ruthenium, rhodium, palladium, osmium, iridium and plati-
num; a polymerization catalyst comprising a nitrate salt or a
acetylacetone compound and a reducing agent; or a polymet-
ization catalyst comprising a halogenide or a acetylacetone
compound of metal such as titanium, vanadium, zirconium,
tungsten and molybdenum, and an organoaluminum com-
pound. Such as polymerization temperature and pressure are
not specifically limited, however, polymerization is generally
conducted at a polymerization temperature of -50-100° C.
and a polymerization pressure of 0-490 N/em?.

[0210] Cycloolefin type polymer utilized in this invention
is preferably those in which cycloolefin, after having been
polymerized or copolymerized, is subjected to a hydrogena-
tion reaction to convert unsaturated bonds in a molecule to
saturated bonds A hydrogenation reaction is conducted by
bubbling hydrogen in the presence of a hydrogenation cata-
lyst well known in the art. A hydrogenation catalyst includes
such as a homogeneous catalyst comprising a combination of
a transition metal compound/an alkyl metal compound such
as cobalt acetate/triethylaluminum, nickel acetylacetonato/
triisobutylalminum, titanocene dichloride/n-butyl lithium,
zirconocene dichloride/sec-butyl lithium and tetrabutoxy
titanate/dimethylmagnesium; an inhomogeneous metal cata-
lyst such as nickel, palladium and platinum; and an inhomo-
geneous solid-carrier catalyst comprising a metal catalyst
held by a carrier such as nickel/silica, nickel/diatomaceous
earth, nickel/alumina, palladium/carbon, palladium/silica,
palladium/diatomaceous earth and palladiuny/alumina.
[0211] Further, as cycloolefin type polymer, listed is the
following norbornene type polymer Norbornene polymer is
preferably provided with a norbornene skeleton as a repeating
unit, and, as specific examples, preferably utilized are those
described in such as JP-A Nos. 62-252406, 62-252407,
2-133413, 63-145324, 63-264626, 1-240517, 57-8815,
5-39403, 5-43663, 5-43834, 5-70655, 5-279554, 6-206985,
7-62028, 8- and 9-241484; however, they are not limited
thereto. Further, one type thereof may be utilized alone or at
least two types thereof may be utilized in combination.
[0212] In this invention, among the aforesaid norbornene
type polymer, those having a repeating unit represented by
any one of following structural formulas (I)-(IV) are prefer-
able.
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[0213] A, B, C and D in aforesaid structure formulas (I)-
(IV) each are independently a hydrogen atom or a monovalent
organic group.

[0214] Further, among the aforesaid norbornene type poly-
met, also preferable is hydrogenated polymer, which is pre-
pared by hydrogenation of polymer by a metathesis of at least
one type of compounds represented by formula (V) or (VI)
and an unsaturated cyclic compound capable of copolymer-
ization therewith.
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[0215] In the aforesaid formulas, A, B, C and D each are
independently a hydrogen atom or a monovalent organic
group.

[0216] Herein, aforesaid A, B, C and D are not specifically
limited, however, is preferably a hydrogen atom, a halogen
atom or a monovalent organic group; or may be connected
with an organic group via at least a divalent connecting group,
and these may be same with or different from each other.
Further, A, B, C and D may form a monocyclic or polycyclic
structure. Herein, the above-described connecting group of at
least divalent contains a hetero atom such as an oxygen atom,
a sulfur atom and a nitrogen atom, and includes such as ether,
ester, carbonyl, urethane, amide and thioether, however, is not
limited thereto. Further, the above-described organic group
may be further substituted via the above-described connect-
ing group.

[0217] Further, as other monomer which is capable of
copolymerization with norbornene type monomer, utilized
are such as a-olefin having a carbon number of 2-20 and
derivatives thereof such as ethylene, propylene. 1-butene,
1-pentene, 1-hexene, 1-octene, 1-decene, 1 dodecene, 1-tet-
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racene, 1-octadecene and 1-eicocene; cycloolefin and deriva-
tives thereof such as cyclobutene, cyclopentene, cyclohex-
ene, cyclooctene and 3a,5,6,7a-tetrahydro-4,7-methano-1H-
indene; non-conjugated diene such as 14-hexadiene,
4-methyl-1,4-hexadiene, 5-methyl-1,4-hexadiene and 1,7-
octadiene. Among them, preferable is c-olefin and specifi-
cally ethylene.

[0218] These norbornene type monomers and other copo-
lymerizable monomer each can be utilized alone or in com-
bination of at least two types. When norbornene type mono-
mer and other monomer copolymerizable therewith are
subjected to addition copolymerization, a ratio of a structural
unit derived from norbornene type monomer to a structural
unit derived from copolymerizable other monomer is appro-
priately selected to be generally in a range of 30/70-99/1,
preferably of 50/50-97/3 and more preferably of 70/30-95/5.
[0219] In the case of residual unsaturated bonds in a
molecular chain of prepared polymer being saturated by a
hydrogenation reaction, the hydrogenation rate is set to benot
less than 90%, preferably not less than 95% and specifically
preferably not less than 99%, with respect to such as light
degradation and weather-proofing.

[0220] In addition to these, cycloolefin type polymer uti-
lized in this invention includes thermoplastic saturated nor-
bornene type polymer described in paragraph Nos. [0014]-
[0019] of JP-A 5-2108, thermoplastic norbornene type
polymer described in paragraph Nos. [0015]-[0031] of JP-A
2001-277430, thermoplastic norbornene type polymer
described in paragraph Nos. [0008]-[0045] of JP-A 2003-
14901, norbornene type compositions described in paragraph
Nos. [0014]-[0028] of JP-A 2003-139950, norbornene type
polymer described in paragraph Nos. [0029]-[0037] of JP-A
2003-161832, norbornene type compositions described in
paragraph Nos. [0027]-[0036] of JP-A 2003-195268, alicy-
clic structure containing polymer described in paragraph
Nos. [0009]-[0023] of JP-A 2003-211589, and norbornene
type polymer or vinyl alicyclic hydrocarbon polymer
described in paragraph Nos. [0008]-[0024] of JP-A 2003-
211588.

[0221] Specifically, such as Zeonex and Zeonoa manufac-
tured by Nippon Zeon Co., Ltd.; Arton manufactured by JSR
Co., Ltd; and APL3008T, APLGS509T, APL6O013T,
APLS5014DP and APL6015T manufactured by Mitsui
Chemical Co., Ltd. are preferably utilized.

[0222] A molecular weight of cycloolefin type polymer
utilized in this invention is selected depending on autilization
object, however, it is preferable to achieve a highly balanced
state of mechanical strength of a molded substance and a
mold processing property when the molecular weight is gen-
erally 5,000-500,000 and preferably 8,000-200,000 and more
preferably 10,000-100,000, based on a polyisoprene of poly-
styrene converted weight average molecular weight mea-
sured by a gel permeation chromatography of a cyclohexane
solution (a toluene solution when polymer is insoluble).
[0223] Cycloolefin type polymer film may appropriately
contain an additive which can be generally blended in plastic
film. Such an additive includes an antioxidant, a thermal
stabilizer, a light stabilizer, an ultraviolet absorbent, an anti-
static agent, a sliding agent, a plastisizer and a filler, and the
content can be selected in a range not to disturb an object of
this invention.

[0224] A molding method of cycloolefin type polymer film
is not specifically limited and either of a heat-melt molding
method and a solution casting method can be employed. A
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heat-melt molding method is further specifically classified
into such as an extrusion molding method, a press molding
method, an inflation molding method, an injection molding
method, a blow molding method and a stretching molding
method, however, among them, to prepare polarizing plate
protective film being excellent in such as mechanical strength
and surface precision, an extrusion method, an inflation mold-
ing method and a press molding method are preferable, and an
extrusion molding method is most preferable. The molding
condition is appropriately selected depending on an applica-
tion purpose and a molding method, however, a cylinder
temperature is appropriately set to in a range of generally
150-400° C., preferably 200-350° C. and more preferably
230-330° C., in the case of a heat-melt molding method.
Fluidity is deteriorated to cause sink marks and stress in film
when a polymer temperature is excessively low, while there is
a risk of molding defects such as generation of voids and
silver streaks or yellowing of film due to thermal decompo-
sition of polymer when polymer temperature is excessively
high. Film thickness is in a range of generally 5-300 pm,
preferably 10-200 pm and more preferably 20-100 um. Han-
dling at the time of lamination becomes difficult when the
thickness is excessively thin, while drying time after lamina-
tion becomes long to decrease productivity when the thick-
ness is excessively thick.

[0225] Cycloolefin type polymer film is provided with a
surface wetting tension of preferably not less than 40 mN/m,
more preferably not less than 50 mN/m and furthermore
preferably notless than 55 mN/m. Adhesion strength between
film and polarizing film will be improved when the surface
wetting tension is in the above-described range. To adjust the
surface wetting tension, film can be subjected to a surface
treatment well known in the art such as a corona discharge
treatment, ozone blowing, ultraviolet irradiation, a flame
treatment and a chemical treatment.

[0226] A thickness of a sheet before stretching is necessar-
ily to be approximately 50-500 pum, it is preferable that thick-
ness unevenness is the smaller, and it is within 8%, prefer-
ably within +6% and more preferably +4%, in the whole
surface.

[0227] The above-described cycloolefin type polymer film
can be made into polarizing plate protective film of this inven-
tion by a similar manufacturing method that for aforesaid
polarizing plate protective films b and c.

[0228] A stretching magnification is 1.1-10 times and pref-
erably 1.3-8 times, and a desired retardation is set in this
range. An absolute value of retardation does not rise to reach
a predetermined value when a stretching magnification is
excessively low, while film may be broken when it is exces-
sively high.

[0229] Film prepared in this manner exhibits orientation of
a molecule by stretching to be provided with a desired retar-
dation. In this invention, an intra-plane phase difference Ro at
589 nm is preferably 0-20 nm and more preferably 0-10 nm.
Further, phase difference in the thickness direction Rt is pref-
erably —20-50 nm and more preferably -10-20 nm.

[0230] Retardation can be controlled by retardation of a
sheet before stretching, a stretching magnification, stretching
temperature and a thickness of stretching-oriented film. Since
an absolute value of retardation has a tendency to be large as
a stretching magnification is the larger, it is possible to pre-
pare stretching-oriented film having a desired retardation by
changing a stretching magnification.
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[0231] The fluctuation of retardation is preferably the
smaller and cycloolefin polymer film according to this inven-
tion has a fluctuation of retardation at 589 nm as small as
generally within 50 nm, preferably within 30 nm and more
preferably within +20 nm.

[0232] Fluctuation in the plane of retardation and thickness
unevenness can be reduced by utilizing a sheet before stretch-
ing having small values thereof and by making stress at the
time of stretching a sheet to be uniformly applied. For this
purpose, it is desirable to conduct stretching under a uniform
temperature distribution, that is, in an environment wherein
temperature is controlled preferably within +5° C., more pref-
erably within +2° C. and specifically preferably within +0.5°
C.

[0233] (Polycarbonate Type Polymer Film)

[0234] There are various types of polycarbonate type poly-
mer utilized to prepare polycarbonate type polymer film, and
aromatic polycarbonate is preferable and bisphenol A type
polycarbonate is specifically preferable, with respect to
chemical properties and physical properties. Among them,
furthermore preferably listed are those utilizing a bisphenol A
derivative comprising bisphenol A into which a benzene ring,
acyclohexane ring or an aliphatic hydrocarbon group is intro-
duced. Particularly, polycarbonate prepared by use of a
derivative, into which these groups are introduced non-sym-
metrically against the central carbon and which has a struc-
ture of reduced anisotropy ina unit molecule, is preferred. For
example, preferred is polycarbonate prepared by use of
bisphenol A, two carbon atoms of which is substituted by a
methyl group or a benzene ring, or bisphenol A, one hydrogen
atom of each benzene ring of which is substituted by such as
a methyl group or a phenyl group non-symmetrically against
the central carbon.

[0235] Specifically, the polymer is those prepared by a hos-
gen method or an ester exchange method from 4,4'-dihy-
droxydiphenylalkane or a halogen substituted substance, and
includes such as 4,4'-dihydroxydiphenylmethane, 4,4'-dihy-
droxydiphenylethane and 4,4'-dihydroxydiphenylbutane.
[0236] Polarizing plate protective film comprising polycar-
bonate polymer utilized in this invention may be utilized by
blending with transparent polymer such as polystyrene type
polymer, methylmethacrylate type polymer or cellulose
acetate type polymer; or polycarbonate polymer may be lami-
nated on at least one surface of cellulose acetate type film. A
preparation method of polycarbonate type film preferably
employed in this invention is not specifically limited. That is,
any film by a melt extrusion method, a solvent cast method or
a calendar method may be employed. In this invention, poly-
carbonate type film having little strain can be prepared by a
manufacturing method including a stretching process, which
has been explained in polarizing plate protective films b and
¢, by utilizing either uniaxial stretching or biaxial stretching.
[0237] As polycarbonate type film preferably utilized in
this invention, those having a glass transition temperature of
not lower than 110° C. and a water absorption rate (a value
measured under a condition in water of 23° C. for 24 hours) of
not more than 0.3% are preferably utilized. More preferably
utilized are those having a glass transition temperature of not
lower than 120° C. and a water absorption rate of not more
than 0.2%.

[0238] (Polyester Type Polymer Film)

[0239] Polyester which constitutes polyester type polymer
film preferably utilized in this invention is not specifically
limited; however, is polyester having a dicarboxylic acid
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component and a diol component as a primary constituents
and provided with a film forming ability.

[0240] A dicarboxylic acid component as a primary con-
stituent includes such as terephthalic acid, isophthalic acid,
phthalic acid, 2,6-naphthalene dicarboxylic acid, 2,7-naph-
thalene dicarboxylic acid, diphenylsulfone dicarboxylic acid,
diphenylether dicarboxylic acid, diphenylethane dicarboxy-
lic acid, cyclohexane dicarboxylic acid, diphenyl dicarboxy-
lic acid, diphenylthioether dicarboxylic acid, diphenylketone
dicarboxylic acid and phenylindane dicarboxylic acid. Fur-
ther, a diol component includes such as ethylene glycol, pro-
pylene glycol, tetramethylene glycol, cyclohexane dimetha-

nol, 2,2-bis(4-hydroxyphenyl)propane, 2,2-bis(4-
hydroxyethoxyphenyl)propane, bis(4-hydroxvphenyl)
sulfone,  bisphenolfurvorene  dihydroxyethyl ether,

diethylene glycol, neopentyl glycol, hydroquinone and cyclo-
hexane diol.

[0241] Among polyester comprising these as a primary
constituent, preferable is polyester comprising, terephthalic
acid and/or 2,6-naphthalene dicarboxylic acid as a dicarboxy-
lic acid component, and ethylene glycol and/or 1,4-cyclohex-
ane dimethanol as a diol component, as a primary constituent.
In particular, polyester comprising polyethylene terephtha-
late or polyethylene-2,6-naphthalate as a primary constituent;
copolymerized polyester comprising terephthalic acid, 2,6-
naphthalene dicarboxylic acid and ethylene glycol; and poly-
ester comprising a mixture of at least two types of these
polyesters as a primary constituent.

[0242] Polyester constituting polyester type polymer film
of this invention may be further copolymerized with other
copolymerizing component or may be mixed with other poly-
ester, within a range of not to disturb the effect of this inven-
tion. Examples thereof include dicarboxylic component and
diol component listed before or polyester comprising them.
[0243] Further, for the purpose of improving heat resis-
tance of film, a bisphenol type compound, or a compound
having a naphthalene ring or a cyclohexane ring can be copo-
lymerized. A ratio of copolymerization thereof is preferably
1-20 mol % based on bifunctional dicarboxylic acid consti-
tuting polyester.

[0244] A preparation method of polyester type polymer
film preferably employed in this invention may be either a
solution casting method or a melt-casting method. In this
invention, polycarbonate type film having little strain can be
prepared by a manufacturing method including a stretching
process, which has been explained in polarizing plate protec-
tive films b and c, by utilizing either uniaxial stretching or
biaxial stretching.

[0245] (Polylactic Acid Type Polymer Film)
[0246] [Polylactic Acid Type Polymer]
[0247] Polylactic acid type polymer preferably utilized as a

support of polarizing plate protective films a and d of this
invention includes polylactic acid; copolymer of lactic acid
and a copolymerizable polyfunctional compound such as
hydroxycarboxylic acid; copolymer oflactic acid, polyhydric
alcohol and polybasic carboxylic acid; and mixtures thereof.
Among these polylactic acid type polymer, polylactic acid,
which is homopolymer, is preferable and L-polylactic acid is
more preferable.

[0248] Further, in the case of a mixture, a compatibilizer
may be incorporated. In the case that polylacticacid type
polymer is copolymer, an arrangement type of copolymer
may be any of random copolymer, alternating copolymer,
block copolymer or graft copolymer. Further, at least a part of
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the copolymer may be crosslinked by a crosslinking agent
such as polyvalent isocyanate such as xylene diisocyanate
and 2 4-tolylene diisocyanate, or polysaccharide such as cel-
lulose, acetyl cellulose and ethyl cellulose; or at least a part of
copolymer may have a structure of such as a linear, cyclic,
branched, star-like or three-dimensional network structures;
and there is no specific limitation.

[0249] [Lactic Acid]

[0250] Lactic acid which is a starting material of polylactic
acid type polymer includes L-lactic acid, D-lactic acid, DL-
lactic acid and a mixture thereof, and includes L-lactide,
D-lactide, meso-lactide or a mixture thereof in the case of
utilizing lactide which is cyclic dimmer of lactic acid.
[0251] Copolymer can be polymerized by combining vari-
ous types of these optical isomer raw materials, or combining
lactic acid having a desired optical purity with a (co-) poly-
merizable polyfunctional compound other than lactic acid,
however, an isomer content is preferably 0-10 weight %,
more preferably 0-5 weight % and furthermore preferably 0-2
weight %. For example, in the case oflactic acid being [-lac-
tic acid, a content of D-lactic acid is preferably 0-10 weight
%, more preferably 0-5 weight % and furthermore preferably
0-2 weight %.

[0252] [Copolymerizable Polyfunctional Compound]
[0253] A copolymerizable polyfunctional compound
includes hydroxycarboxylic acid such as glycolic acid, dim-
ethylglycolic acid, 2-hydroxylactic acid, 3-hydroxylactic
acid, 4-hydroxylactic acid, 2-hydroxypropanoic acid, 3-hy-
droxypropanoic acid, 2-hydroxyvaleric acid, 3-hydroxyva-
leric acid, 4-hydroxyvaleric acid, 5-hydroxyvaleric acid,
2-hydroxycapronic acid, 3-hydroxycapronic acid, 4-hy-
droxycapronic acid, 5-hydroxycapronic acid, 6-hydroxyca-
pronic acid, 6-hydroxymethylcapronic acid and mandelic
acid; cyclic ester such as glycolide, f-methyl-d-valerolactone
and e-caploractone; polybasic carboxylic such as gallic acid,
malonic acid, succinic acid, glutalic acid, adipic acid, pimelic
acid, azelaic acid, sebacic acid, undecane diacid, dodecane
diacide, terephthalic acid and unhydride thereof; polyhydric
alcohol such as ethylene glycol, diethylene glycol, triethylene
glycol, 1,2-propanediol, 1,3-propanediol, 1,3-butanediol,
1,4-butanediol, 3-methyl-1,5-pentanediol, 2,3-butanediol,
1,5-pentanediol, 1,6-hexanediol, 1,9-nonanediol, neopentyl
glycol, tetramethylene glycol and 1,4-hexane dimethanol;
polysaccharide such as cellulose; and amino carboxylic acid
such as a.-amino acid. These copolymerizable polyfunctional
compounds may be either a single type or a mixture of at least
two types, and may be L-substance, D-substance or an arbi-
trary ratio mixture thereof, in the case of being provided with
asymmetric carbon.

[0254] [Manufacturing Method of Polylactic Acid Type
Polymer]
[0255] A manufacturing method of polylactic acid type

polymer utilized in this invention is not specifically limited;
however, it is described in such as JP-A Nos. 59-96123 and
7-33861. For example, the polymer can be prepared by a
method of direct dehydration condensation of lactic acid, or
by a method of ring-opening of lactide, which is cyclic dim-
mer of lactic acid, as described in such as U.S. Pat. No.
4,057.357, Polymer Bulletin, vol. 14 pp. 491-495 (1985), and
Makromol. Chem., vol. 187, pp. 1611-1628 (1986). Polymer-
ization can be conducted utilizing a functional group on a
support as an initiator.

[0256] A weight average molecular weight (Mw) of poly-
lactic acid type polymer utilized in this invention is not spe-
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cifically limited, however, is preferably 10,000-10,000,000,
more preferably 30,000-3,000,000 and furthermore prefer-
ably 50,000-1,000,000. A weight average molecular weight
(Mw) and a molecular weight distribution (Mw/Mn), of poly-
lactic acid type polymer utilized in this invention, can be
controlled to be a desired value by appropriately selecting a
reaction condition such as a type of a raw material, a type of
a solvent, a type and an amount of a catalyst, reaction tem-
perature, reaction time and a degree of dehydration of the
reaction system.

[0257] In this invention, polylactic acid type polymer is
preferably added with an ultraviolet absorbent, a plastisizer or
micro-particles.

[0258] A preparation method of polylactic acid type poly-
mer film preferably employed in this invention may be either
a solution casting method or a melt-casting method. In this
invention, polylactic acid type polymer film having little
strain can be prepared by a manufacturing method including
a stretching process, which has been explained in polarizing
plate protective films b and ¢, by utilizing either uniaxial
stretching or biaxial stretching.

[0259] (Polarizing Plate)

[0260] A polarizing plate of this invention can be prepared
by a general method. Polarizing plate protective films a, b, ¢
and d, the back surface side of which has been subjected to an
alkaline saponification treatment, are preferably laminated on
at least one surface of polarizing film, which has been pre-
pared by immersion and stretching in a iodine solution, by use
of a completely saponificated type polyvinyl alcohol aqueous
solution. Polarizing plate protective films a and d are utilized
on another surface of polarizing plate protective films b and ¢
according to this invention intervening polarizing film; how-
ever, such as cellulose ester film (for example, KC8UX,
KC4UX, KC5UX, KC8UCR3, KC8UCR4, KC8UY,
KC4UY, KC12UR, KC8UCR-3, KC8UCR-4, KC8UCR-5,
KC8UY-HA, KC8UX-RHA and KC8UX-RHA-N, manufac-
tured by Konicaminolta Opt Co., Ltd.) may be utilized as
polarizing plate protective films a and d.

[0261] Polarizing film, which is a primary constituent com-
ponent of a polarizing plate, is an element to pass light of a
polarizing wave plane of only a fixed direction, and typical
polarizing film known at present includes polyvinyl alechol
type polarizing film which is classified into polyvinyl alcohol
type film dyed with iodine and one dyed with dichroic dye. As
polarizing film, those comprising polyvinyl alcohol aqueous
solution having been made into film, which is subjected to a
durability treatment preferably by a boron compound after
having been uniaxially stretched followed by being dyed or
uniaxially stretched after dyeing, are utilized. One surface of
polarizing plate protective film according to this invention is
laminated on the polarizing film to form a polarizing plate. A
water-based adhesive comprising such as completely sapon-
ificated type polyvinyl alcohol as a primary component is
preferably utilized for lamination.

[0262] (Display Apparatus)

[0263] A liquid crystal display apparatus having various
excellent viewing properties can be prepared by incorpora-
tion of a polarizing plate of this invention into a liquid crystal
display apparatus. A polarizing plate of this invention can be
preferably utilized in a LCD of such as a reflection type, a
transparent type, a translucent type; or LCD of various driv-
ing methods such as TN type, STN type, OCR type, HAN
type, VA type (PVA type, MVA type) and IPS type. Particu-
larly, in the case of a display apparatus of a large image plane
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as large as not less than 30-type and specifically 30-54 type,
there generate no white defects in the circumferential portion
of an image plane and the effect is maintained for a long
period to show a remarkable effect in a MVA type display
apparatus. In particular, there is an effect to generate little
chrominance non-uniformity, glaring and surging uneven-
ness resulting in no eyestrain even in a long period observa-
tion.

EXAMPLES

[0264] In the following, this invention will be specifically
explained referring to examples, however, is not limited
thereto.

[0265] <<Utilized Material>>
[0266] <<Cellulose Ester>
[0267] C-1: cellulose acetate propionate, acetyl substitu-

tion degree of 1.9, propionyl substitution degree of 0.7,
molecular weight Mn=70,000, molecular weight Mw=200,
000, Mw/Mn=2.9

[0268] <Plastisizer>

[0269] P-1: trimethylolpropane tribenzoate

[0270] <Hindered Phenol Compound>

[0271] S-1:  2-t-butyl-6-(3-t-butyl-2-hydroxy-5-methyl-

benzyl)-4-methylphenyl acrylate

[0272] S-2: octadecyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)
propionate, 2,2'-methylene-bis(4-methyl-6-t-butylphenol)
[0273] S-3: triethylene glycol-bis(3-(3-t-butyl-4-hydroxy-
5-methylphenyl)propionate

[0274] <Other Additive>

[0275] S-4: Sumilizer-BP76 (manufactured by Sumitomo
Chemical co., Ltd.), phenol type stabilizer

[0276] S-5: GSY-P101 (manufactured by Sakai Chemical
Industry Co., Ltd.), phosphor type stabilizer

[0277] <Ultraviolet Absorbent>

[0278] V-1: LA31 (manufactured by Asahi Denka Kogyo
K.K., weight average molecular weight: 486, mol absorption
at 380 nm=6780)

[0279] <Cycloolefin Type Resin>

[0280] Under a nitrogen atmosphere, after 1.2 parts of
1-hexene, 0.15 parts of dibutyl ether and 0.30 parts of tri-
isobutyl aluminum in 500 parts of dehydrated cyclohexane
were charged and mixed in a reaction vessel at room tempera-
ture, a norbornene type monomer mixture comprising 20
parts of tricycle[4.3.0.12,5]deca-3,7-diene(dicyclopentadi-
ene) (hereinafter, abbreviated as DCP), 140 parts of 1,4-
methano-1,4,4a,9a-tetrahydrofluorene (hereinafter, abbrevi-
ated as MTF) and 40 parts of 8-methyl-tetracyclo[4.4.0.12,5.
17,10]-dodeca-3-ene (hereinafter, abbreviated as MTD) and
40 parts of hexachloro tungsten (0.7% toluene solution) were
added over 2 hours to be polymerized. The polymerized solu-
tion was added with 1.06 parts of butylglycidyl ether and 0.52
parts of isopropylalcohol to deactivate a polymerization cata-
lyst and the polymerization reaction was terminated.

[0281] Next, 270 parts of cyclohexane and then 5 parts of
nickel-alumina catalyst (manufactured by Nikki Chemical
Co., Ltd.) as a hydrogenation catalyst were added against 100
parts of the prepared reaction solution containing ring-open-
ing polymer, and a reaction was conducted for 4 hours after
the system was heated up to 200° C. with stirring under a
pressure of 5 MPa with hydrogen, whereby a reaction solu-
tion containing 20% of hydrogenated DCP/MTF/MTD ring-
opening polymer was prepared. After removing the hydroge-
nation catalyst by filtration, a soft polymer (Cepton 2002,
manufactured by Kuraray Co., Ltd.) and an antioxidant (Trga-
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nox 1010, manufactured by Ciba Specialty Chemicals Co.,
Ltd.) each were added into the obtained solution to be dis-
solved (0.1 part each against 100 parts of polymer). Then,
cyclohexane as a solvent and other volatile components were
removed by use of Cylindrical Concentrating Dryer (pro-
duced by Hitachi, Ltd.) and hydrogenated polymer in a melt
state being extruded in a strand-form through an extruder to
be recovered as a pellet-form after cooling. A copolymeriza-
tion ratio of each norbornene type monomer in the polymer
was calculated based on a residual norbornene component in
a solution after polymerization to be DCP/MTF/MTD=10/
70/20, which was nearly equal to the preparation composi-
tion. This hydrogenated ring-opening polymer substance had
a weight average molecular weight (Mw) of 31,000, a
molecular weight distribution (Mw/Mn) of 2.5, a hydrogena-
tion rate of 99.9% and Tg of 134° C.

[0282] The prepared pellets of hydrogenated ring-opening
polymer substance were dried at 70° C. for 2 hours by use of
ahot wind dryer through which air was flowing, whereby the
moisture content was removed.

[0283] <Polycarbonate Type Resin>

[0284] Bisphenol A type polycarbonate resin having a vis-
cosity average molecular weight of 40,000 was utilized.

[0285] <Polyester Type Resin>
[0286] <Synthesis of Polyester>
[0287] Dimethyl terephthalate of 100 weight parts and 64

weight parts of ethylene glycol were added with 0.1 weight
part of calcium acetate hydrate, and an ester exchange reac-
tion was conducted according to an ordinary method. The
prepared product was added with 22 weight parts of an eth-
ylene glycol solution of 5-sodiumsulfo-di(f-hydroxyethyl)
isophthalate (7 mol %/total carboxylic acid component), 12.5
weight parts (5 weight %/produced polyester) of polyethyl-
ene glycol (number average molecular weight of 3,000), 0.05
weight parts of antimony trioxide and 0.13 weight parts of
trimethyl phosphate. Next, temperature was gradually raised
and pressure was reduced to conduct polymerization at 280°
C. and 40 Pa, whereby polyester resin was prepared.

[0288] <Polylactic Acid Type Resin>

[0289] Polylactic acid type resin (Lacea H-100, manufac-
tured by Mitsui Chemicals, Inc.) having a weight molecular
weight of 140,000 was utilized.

Example 1
Preparation of Polarizing Plate Sample

[0290] [Preparation of Polarizing Plate Sample 1-1]

[0291] Cellulose ester C-1 of 90 weight parts was dried in
the air at 130° C. under ordinary pressure for 2 hours, and was
left to be cooled. This cellulose ester was added with 10
weight parts of plastisizer P-1, 0.5 weight parts of hindered
phenol compound S-1, 2 weight parts of ultraviolet absorbent
V-1, against this cellulose ester, and the resulting mixture,
after having been melt with heating at a melting temperature
of 240° C., was melt-extrusion molded through a T-type die,
followed by being stretched at 120° C. at a stretching ratio of
1.2 times in the machine direction and 1.4 times in the direc-
tion perpendicular to the machine direction. As a result, cel-
luloseester film sample having a layer thickness of 80 pm was
prepared. Retardation value Ro and Rt were measured to be
45 nm and 135 nm, respectively, according to the following
method. Similarly, cycloolefin type polymer film sample was
prepared by use ofthe above-described cycloolefin type resin.
Retardation value Ro and Rt were measured to be 5 nm and 20
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nm, respectively, according to the following method. Polar-
izing plate sample 1-1, in which the above-described cellu-
lose ester film was arranged on the liquid crystal cell side
intervening a polarizing film and cycloolefin type polymer
film was arranged on the opposite side thereto, was prepared.
Film utilized in these measurements was subjected to a pre-
treatment for rehumidification at 23° C. and 55% RH for 24
hours.

Measurement of Retardation Ro and Rt

[0292] A mean refractive index of film was measured by
use of Abbe’s refractometer (4T). Further, thickness of film
was measured by use of a micrometer available on the market.
[0293] Retardation measurement was conducted with
respect to film, having been kept under an environment 0f23°
C. and 55% RH for 24 hours, at 590 nm under the same
environment by use of automatic double refractometer
KOBRA-21ADH (manufactured by Oji Instruments Co,
Ltd.). The above-described mean refractive index and layer
thickness were input into the following equations to deter-
mine values of intra-plane retardation (Ro) and retardation in
the thickness direction (Rt).

Ro=(nx—ny)xd Equation (I)

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

[0294] In the equation, nx is a refractive index in the slow
axis direction in the film plane, ny is a refractive index in the
fast axis direction in the film plane, nz is a refractive index in
the film thickness direction and d is a thickness (nm) of film.

Equation (IT)

[0295] A polarizing plate was prepared in the following
manner.
[0296] Polyvinyl alcohol film having a thickness of 120 pm

was uniaxially stretched (temperature of 110° C., stretching
magnification of 5 times). This was immersed in an aqueous
solution comprising 0.075 gofiodine, 5 g of potassium iodide
and 100 g of water for 60 seconds, followed by being
immersed in an aqueous solution comprising 6 g of potassium
iodide, 7.5 g of boric acid and 100 g of water at 68° C. This
was washed with water and dried to prepare polarizing film.

[0297] Next, the aforesaid cellulose ester film sample and
polarizing film, the back side of which is laminated with
cycloolefin type polymer film, were laminated together
according to following processes 1-5 to form a polarizing
plate.

[0298] Process 1: Cellulose ester film, the side to be lami-
nated on polarizing film has been saponificated, was prepared
by being immersed into a sodium hydroxide solution of 1
mol/Lat 50° C. for 60 seconds followed by being washed with
water.

[0299] Process 2: The aforesaid polarizing film was
immersed in a polyvinyl alcohol adhesive bath having a solid
content of 2 weight % for 1-2 seconds.

[0300] Process3: Anexcess adhesive adhered on polarizing
film in process 2 was lightly wiped off, the polarizing film
being placed on cellulose ester film having been treated in
process 1, and further cycloolefin polymer film was arranged
on the opposite side of the polarizing film.

[0301] Process 4; Cellulose ester film, polarizing film and
cycloolefin type polymer film, which have been accumulated
in process 3, were laminated under a pressure of 20-30 N/cm?®
and at a conveying speed of approximately 2 m/minute.
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[0302] Process 5: A sample, in which polarizing film, cel-
lulose ester film and cycloolefin type polymer were lami-
nated, was dried for 2 minutes, whereby polarizing plate was
prepared.

[0303] [Preparation of Polarizing Plate Sample 1-2]
[0304] Cellulose ester film sample and cycloolefin type
polymer film were prepared in a similar manner to prepara-
tion of polarizing plate sample 1-1 except that hindered phe-
nol compound S-1 was changed to S-2, whereby polarizing
plate sample 1-2 was prepared.

[0305] [Preparation of Polarizing Plate Sample 1-3]
[0306] Cellulose ester film sample and cycloolefin type
polymer film were prepared in a similar manner to prepara-
tion of polarizing plate sample 1-1 except that hindered phe-
nol compound S-1 was changed to S-3, whereby polarizing
plate sample 13 was prepared.

[0307] [Preparation of Polarizing Plate Sample 1-4]
[0308] Cellulose ester film sample and cycloolefin type
polymer film were prepared in a similar manner to prepara-
tion of polarizing plate sample 1-1 except that 0.5 weight
parts of hindered phenol compound S-1 was changed into a
combination with 0.5 weight parts of phenol type stabilizer
S-4, whereby polarizing plate sample 1-4 was prepared.
[0309] [Preparation of Polarizing Plate Sample 1-5]
[0310] Cellulose ester film sample and cycloolefin type
polymer film were prepared in a similar manner to prepara-
tion of polarizing plate sample 1-1 except that 0.5 weight
parts of hindered phenol compound S-1 was changed into a
combination with 0.5 weight parts of phosphor type stabilizer
S-5, whereby polarizing plate sample 1-5 was prepared.
[0311] [Preparation of Polarizing Plate Sample 1-6]
[0312] Cellulose ester C-1 of 90 weight parts was dried in
the air at 130° C. under ordinary pressure for 2 hours, and was
left to be cooled. This cellulose ester was added with 10
weight parts of plastisizer P-1, 0.5 weight parts of hindered
phenol compound S-1, 2 weight parts of ultraviolet absorbent
V-1, against 100 weight parts of cellulose ester, and the result-
ing mixture, after having been melt with heating at a melting
temperature of 240° C., was melt-extrusion molded through a
T-type die, followed by being stretched at 120° C. at a stretch-
ing ratio of 1.2 times in the machine direction and 1.4 times in
the direction perpendicular to the machine direction. As a
result, cellulose ester film sample having a layer thickness of
80 um was prepared. Similarly, polycarbonate type polymer
film sample was prepared by use of the above-described poly-
carbonate type resin. Polarizing plate sample 1-6, in which
the above-described cellulose ester film was arranged on the
liquid crystal cell side intervening a polarizing film and poly-
carbonate type polymer film was arranged on the opposite
side thereto, was prepared. Film utilized in these measure-
ments was subjected to a pre-treatment for rehumidification
at 23° C. and 55% RH for 24 hours.

[0313] [Preparation of Polarizing Plate Sample 1-7]
[0314] Cellulose ester C-1 of 90 weight parts was dried in
the air at 130° C. under ordinary pressure for 2 hours, and was
left to be cooled. This cellulose ester was added with 10
weight parts of plastisizer P-1, 0.5 weight parts of hindered
phenol compound S-1, 2 weight parts of ultraviolet absorbent
V-1, against 100 weight parts of cellulose ester, and the result-
ing mixture, after having been melt with heating at a melting
temperature of 240° C., was melt-extrusion molded through a
T-type die, followed by being stretched at 120° C. at a stretch-
ing ratio of 1.2 times in the machine direction and 1.4 times in
the direction perpendicular to the machine direction. As a
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result, cellulose ester film sample having a layer thickness of
80 um was prepared. Similarly, polylactic acid type polymer
film sample was prepared by use of the above-described poly-
lactic type resin. Polarizing plate sample 1-7, in which the
above-described cellulose ester film was arranged on the lig-
uid crystal cell side intervening a polarizing film and poly-
lactic acid type polymer film was arranged on the opposite
side thereto, was prepared. Film utilized in these measure-
ments was subjected to a pre-treatment for rehumidification
at 23° C. and 55% RH for 24 hours.

[0315] [Preparation of Polarizing Plate Sample 1-8]
[0316] Cellulose ester C-1 of 90 weight parts was dried in
the air at 130° C. under ordinary pressure for 2 hours, and was
left to be cooled. This cellulose ester was added with 10
weight parts of plastisizer P-1, 0.5 weight parts of hindered
phenol compound S-1, 2 weight parts of ultraviolet absorbent
V-1, against 100 weight parts of cellulose ester, and the result-
ing mixture, after having been melt with heating at a melting
temperature of 240° C., was melt-extrusion molded through a
T-type die, followed by being stretched at 120° C. at a stretch-
ing ratio of 1.2 times in the machine direction and 1.4 times in
the direction perpendicular to the machine direction. As a
result, cellulose ester film sample having a layer thickness of
80 um was prepared. Similarly, polyester type polymer film
sample was prepared by use of the above-described polyester
resin. Polarizing plate sample 1-8, in which the above-de-
scribed cellulose ester film was arranged on the liquid crystal
cell side intervening a polarizing film and polyester type
polymer film was arranged on the opposite side thereto, was
prepared. Film utilized in these measurements was subjected
to a pre-treatment for rehumidification at 23° C. and 55% RH
for 24 hours.

[0317] [Preparation of Polarizing Plate Sample 1-9]
[0318] Cellulose ester C-1 of 90 weight parts was dried in
the air at 130° C. under ordinary pressure for 2 hours, and was
left to be cooled. This cellulose ester was added with 10
weight parts of plastisizer P-1, 0.5 weight parts of hindered
phenol compound 8-1, 2 weight parts of ultraviolet absorbent
V-1, against 100 weight parts of cellulose ester, and the result-
ing mixture, after having been melt with heating at a melting
temperature of 240° C., was melt-extrusion molded through a
T-type die, followed by being stretched at 120° C. at a stretch-
ing ratio of 1.2 times in the machine direction and 1.4 times in
the direction perpendicular to the machine direction. As a
result, cellulose ester film sample b having a layer thickness
of 80 um was prepared. Retardation values Ro and Rt were
measured to be 45 nm and 135 nm, respectively. Similarly,
cellulose ester film sample a was prepared in a similar manner
except that stretching was conducted at a stretching ratio of
1.2 times in the machine direction and 1.2 times in the direc-
tion perpendicular to the machine direction in the above-
described stretching operation. Retardation value Ro and Rt
were measured to be 55 nm and 80 nm, respectively. Polar-
izing plate sample 1-9, in which the above-described cellu-
lose ester film sample b was arranged on the liquid crystal cell
side intervening polarizing film and cellulose ester film
sample a arranged on the opposite side thereto, was prepared.
Film utilized in these measurements was subjected to a pre-
treatment for rehumidification at 23° C. and 55% RH for 24
hours.

[0319] [Preparation of Polarizing Plate Sample 1-10]
[0320] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that 0.5
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weight parts of hindered phenol S-1 was changed into 0.01
weight part ofhindered phenol compound S-1 in combination
with 0.01 weight parts of phosphor type stabilizer S-5,
whereby polarizing plate sample 1-10 was prepared.

[0321] [Preparation of Polarizing Plate Sample 1-11]
[0322] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that 0.03
weight parts of hindered phenol S-1 was utilized in combina-
tion with 0.03 weight parts of phosphor type stabilizer S-5,
whereby polarizing plate sample 1-11 was prepared.

[0323] [Preparation of Polarizing Plate Sample 1-12]

[0324] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that 0.1
weight part of hindered phenol S-1 was utilized in combina-
tion with 0.1 weight parts of phosphor type stabilizer S-5,
whereby polarizing plate sample 1-12 was prepared.

[0325] [Preparation of Polarizing Plate Sample 1-13]
[0326] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that 3
weight parts of hindered phenol S-1 was utilized in combina-
tion with 3 weight parts of phosphor type stabilizer S-5,
whereby polarizing plate sample 1-13 was prepared.

[0327] [Preparation of Polarizing Plate Sample 1-14]
[0328] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that 5
weight part of hindered phenol S-1 was utilized in combina-
tion with 5 weight parts of phosphor type stabilizer S-5,
whereby polarizing plate sample 1-14 was prepared.

[0329] [Preparation of Polarizing Plate Sample 1-15]
[0330] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that a melt
temperature was set to 200° C., whereby polarizing plate
sample 1-15 was prepared.

[0331] [Preparation of Polarizing Plate Sample 1-16]
[0332] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that a melt
temperature was set to 220° C., whereby polarizing plate
sample 1-16 was prepared.

[0333] [Preparation of Polarizing Plate Sample 1-17]
[0334] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that a melt
temperature was set to 260° C., whereby polarizing plate
sample 1-17 was prepared.

[0335] [Preparation of Polarizing Plate Sample 1-18]
[0336] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that a melt
temperature was set to 280° C., whereby polarizing plate
sample 1-18 was prepared.

[0337] [Preparation of Polarizing Plate Sample 1-19]
[0338] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that a melt
temperature was changed to 180° C., whereby polarizing
plate sample 1-19 was prepared.
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[0339] [Preparation of Polarizing Plate Sample 1-20]
[0340] Cellulose ester film sample and cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that a melt
temperature was changed to 300° C., whereby polarizing
plate sample 1-20 was prepared.

[0341] [Preparation of Polarizing Plate Sample 2-1: Com-
parative Example]

[0342] Cellulose ester C-1 of 90 weight parts was added
with 1.0 weight part of plastisizer P-1 and the resulting mix-
ture was dried in the air at 130° C. under ordinary pressure for
2 hours, and was left to be cooled. This cellulose ester mix-
ture, after having been melted with heating at a melting tem-
perature of 240° C., was melt-extrusion molded through a
T-type die, followed by being stretched at 120° C. at a stretch-
ing ratio of 1.2 times in the machine direction and 1.4 times in
the direction perpendicular to the machine direction. As a
result, cellulose ester film sample having a layer thickness of
80 um was prepared. Retardation value Ro and Rt were mea-
sured to be 45 nm and 135 nm, respectively. Similarly, a
cycloolefin type polymer film sample was prepared by utiliz-
ing cycloolefin type resin instead of cellulose ester. Retarda-
tion value Ro and Rt were measured to be 5 nm and 20 nm,
respectively, according to the following method. Polarizing
plate sample 2-1, in which the above-described cellulose ester
film was arranged on the liquid crystal cell side intervening a
polarizing film and cycloolefin type polymer film was
arranged on the opposite side thereto, was prepared. Film
utilized in these measurements was subjected to a pre-treat-
ment for rehumidification at 23° C. and 55% RH for 24 hours.
[0343] [Preparation of Polarizing Plate Sample 2-2: Com-
parative Example]

[0344] Cellulose ester C-1 of 90 weight parts was added
with 1.0 weight part of plastisizer P-1 and the resulting mix-
ture was dried in the air at 130° C. under ordinary pressure for
2 hours, and was left to be cooled. This cellulose ester mix-
ture, after having been melted with heating at a melting tem-
perature of 240° C., was melt-extrusion molded through a
T-type die, followed by being stretched at 120° C. at a stretch-
ing ratio of 1.2 times in the machine direction and 1.4 times in
the direction perpendicular to the machine direction. As a
result, cellulose ester film sample having a layer thickness of
80 um was prepared. Similarly, a polycarbonate type polymer
film sample was prepared by utilizing cycloolefin type resin
instead of cellulose ester. Polarizing plate sample 2-2, in
which the above-described cellulose ester film was arranged
ontheliquid crystal cell side intervening a polarizing film and
polycarbonate type polymer film was arranged on the oppo-
site side thereto, was prepared. Film utilized in these mea-
surements was subjected to a pre-treatment for rehumidifica-
tion at 23° C. and 55% RH for 24 hours.

[0345] [Preparation of Polarizing Plate Sample 2-3: Com-
parative Example]

[0346] Cellulose ester C-1 of 90 weight parts was added
with 1.0 weight part of plastisizer P-1 and the resulting mix-
ture was dried in the air at 130° C. under ordinary pressure for
2 hours, and was left to be cooled. This cellulose ester mix-
ture, after having been melted with heating at a melting tem-
perature of 240° C., was melt-extrusion molded through a
T-type die, followed by being stretched at 120° C. at a stretch-
ing ratio of 1.2 times in the machine direction and 1.4 times in
the direction perpendicular to the machine direction. As a
result, cellulose ester film sample having a layer thickness of
80 um was prepared. Similarly, a polylactic acid type polymer
film sample was prepared by utilizing polylactic acid type
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resin instead of cellulose ester. Polarizing plate sample 2-3, in
which the above-described cellulose ester film was arranged
on theliquid crystal cell sideintervening a polarizing film and
polylactic acid type polymer film was arranged on the oppo-
site side thereto, was prepared. Film utilized in these mea-
surements was subjected to a pre-treatment for rehumidifica-
tion at 23° C. and 55% RH for 24 hours.

[0347] [Preparation of Polarizing Plate Sample 2-4: Com-
parative Example]

[0348] Cellulose ester C-1 of 90 weight parts was added
with 1.0 weight part of plastisizer P-1 and the resulting mix-
ture was dried in the air at 130° C. under ordinary pressure for
2 hours, and was left to be cooled. This cellulose ester mix-
ture, after having been melted with heating at a melting tem-
perature of 240° C., was melt-extrusion molded through a
T-type die, followed by being stretched at 120° C. at a stretch-
ing ratio of 1.2 times in the machine direction and 1.4 times in
the direction perpendicular to the machine direction. As a
result, cellulose ester film sample having a layer thickness of
80 um was prepared. Similarly, a polyester type polymer film
sample was prepared by utilizing polyester type resin instead
of cellulose ester. Polarizing plate sample 2-4, in which the
above-described cellulose ester film was arranged on the lig-
uid crystal cell side intervening a polarizing film and polyes-
ter type polymer film was arranged on the opposite side
thereto, was prepared. Film utilized in these measurements
was subjected to a pre-treatment for rehumidification at 23°
C. and 55% RH for 24 hours.

[0349] [Preparation of Polarizing Plate Sample 2-5]
[0350] A cellulose ester film sample and a cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that hin-
dered phenol compound S-1 was changed to 0.003 weight
parts, whereby polarizing plate sample 2-5 was prepared.
[0351] [Preparation of Polarizing Plate Sample 2-6]
[0352] A cellulose ester film sample and a cycloolefin type
polymer film sample were prepared in a similar manner to
preparation of polarizing plate sample 1-1 except that hin-
dered phenol S-1 was changed to 10 weight parts, whereby
polarizing plate sample 2-6 was prepared.

Evaluation of Polarizing Plate Sample

[0353] Each polarizing plate sample prepared in the above
manner was subjected to the following evaluations.

[0354] (Evaluation of Film Lamination Property)

[0355] With respect to polarizing plate samples 1-1-1-20
and comparative samples 2-1-2-6, defects and troubles in
manufacturing were confirmed and film lamination property
was evaluated based on the following criteria.

[0356] A: There is no generation of wrinkle, kinking and
abrasion in film at all.

[0357] B: There is bare generation of wrinkle, kinking and
abrasion in film.

[0358] C: There is some generation of wrinkle, kinking and
abrasion in film.

[0359] D: There is plenty of generation of wrinkle, kinking
and abrasion in film.

Evaluation of Front Contrast

[0360] The above-described each polarizing plate sample
was kept under dry environment of 70° C. for 1,000 hours.
Successively, a polarizing plate of Liquid Crystal TV
WegaKLV20AP2 manufactured by Sony Corp. was pealed
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off and each polarizing plate, which had been subjected to the
above treatment under dry environment of 70° C. for 1,000
hours, was laminated so that the cellulose ester film sample
side (cellulose ester film b side with respect to polarizing plate
sample 1-9) is on the liquid crystal cell side. Then, after the
TV had been kept backlight-on for 30 minutes at 23° C. and
55% RH, front brightness from the vertical direction in white
display and black display for each sample was measured by
use of EZ-Contrast 160D manufactured by Eldim Co., Ltd.,
and the ratio thereof was defined as a front contrast. A front
contrast is the superior when the value is the larger.

[0361] Front contrast=brightness measured along the ver-
tical direction of display apparatus at white display/bright-
ness measured along the vertical direction of display appara-
tus at black display.

[0362] Each evaluation results obtained in the above man-
ner are shown in table 1.
TABLE 1

Polarizing Film
plate sample Front lamination
No. contrast property Remarks
1-1 730 A Invention
1-2 740 A Invention
1-3 720 A Invention
1-4 760 A Invention
1-5 750 A Invention
1-6 720 A Invention
1-7 730 A Invention
1-8 730 A Invention
19 780 A Invention
1-10 720 A Invention
1-11 730 A Invention
1-12 740 A Invention
1-13 750 A Invention
1-14 750 A Invention
1-15 750 A Invention
1-16 770 A Invention
1-17 720 A Invention
1-18 700 A Invention
1-19 640 B Invention
1-20 650 B Invention
2-1 520 D Comparison
2-2 530 D Comparison
2-3 510 D Comparison
2-4 540 D Comparison
2-5 560 C Comparison
2-6 550 C Comparison

[0363] It is clear from the result of table 1 that polarizing
plate samples 1-1-1-20 of this invention have been signifi-
cantly improved in front contrast compared to polarizing
plate samples 2-1-2-6 which are comparative examples.
[0364] Further, it has been proved that polarizing plate
samples of this invention are superior in film lamination prop-
erty with bare generation of defects and troubles at film lami-
nation in a polarizing plate manufacturing process resulting
in improved adaptability to polarizing plate manufacturing,.

Example 2
Preparation of Polarizing Plate Samples 1-1'-1-2('

[0365] A hard-coat layer and an antireflection layer
described below were provided on polymer film (polarizing
plate protective film a in FIG. 1), which was employed on the
viewing side of polarizing plate samples 1-1-1-20, to prepare
polarizing plate samples 1-1'-1-20".
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[0366]

[0367] The following hard-coat layer coating composition
was filtered through a filter having a pore size of 0-4 pm and
made of polypropylene to prepare a hard coat layer coating
solution, which was coated on the above-described viewing
side of polarizing plate protective film by use of a micro
gravure coater and dried at 90° C.; then the coated layer was
cured by use of an ultraviolet lamp at an illuminance at the
radiation portion of 100 mW/cm? and a irradiation quantity of
0.1 J/em?, whereby ahard-coat layer having a dry layer thick-
ness of 0.7 pm was formed.

[0368]

[0369] The following each additive was stirred and mixed
to prepare a hard-coat coating solution.

[Formation of Hard-Coat Layer]

(Hard-Coat Layer Coating Solution)

Acryl monomer: Kayarad DPHA (dipentaerythritol 220 weigh parts
hexaacrylate, manufactured by Nippon Kayaku Co.,

Ltd.)

Trgacure 184 (manufactured by Ciba Specialty 20 weight parts
Chemicals Co., Ltd.)

Propylene glycol monomethylether 110 weight parts
FEthyl acetate 110 weight parts

[0370] [Preparation of Polarizing Plate Protective Film
Having Antireflection Layer]

[0371] A high refractive index layer and then a low refrac-
tive index layer were coated in this order on a hard-coat layer
prepared above in the following manner, whereby polarizing
plate protective film having an antireflection layer was pre-
pared.

[0372] [Formation of Antireflection Layer 1: High Refrac-
tive Index Layer]

[0373] The following high refractive index layer coating
composition was coated on a hard-coat layer by use of an
extrusion coater and dried at 80° C. for 1 minute, followed by
being cured with irradiation of 0.1 J/em? by ultraviolet rays
and further being cured with heat at 100° C. for 1 minute,
whereby a high refractive index layer having a thickness of 78
nm was provided.

[0374] A refractive index of this high refractive index layer
was 1.62.

[0375] (Preparation of High Refractive Index Layer Com-
position)

Isopropancl solution of microparticles of metal
oxide (solid content of 20%, ITO particles,

particle size of 5 nm)

Metal compound: Ti(OBu}, (tetra-n-

butoxy titanium)

Tonization radiation curable resin:

dipentaerythritol hexaacrylate

Photopolymerization initiator: Irgacure 184
(manufactured by Ciba Specialty Chemicals

Co., Ltd.)

10% propylene glycol monomethylether solution of
straight chain dimethyl silicon-EO block copolymer
(FZ-2207, manufactured by Nippon Unicar

Co., Ltd.)

Propylene glycol monomethylether

Isopropy! alcohol

Methyl ethyl ketone

55 weight parts

1.3 weight parts
3.2 weight parts

0.8 weight parts

1.5 weight parts

120 weight parts
240 weight parts
40 weight parts
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[0376] [Formation of Antireflection Layer 2: Low Refrac-
tive Index Layer]

[0377] The following low refractive index layer coating
composition was coated on the aforesaid high refractive index
layer by use of an extrusion coater and dried at 100° C. for 1
minute, followed by being cured with irradiation of 0.1 J/em?
by ultraviolet rays; the resulting film was wound on a heat
resistant plastic core at a roll length of 4,000 m followed by
being subjected to a heat treatment at 80° C. for 3 days,
whereby polarizing plate protective film having an antireflec-
tion layer (antirefraction film) was prepared.

[0378] Herein, this low refractive index layer had a thick-
ness of 95 nm and a refractive index of 1.37.

[0379] (Preparation of Low Refractive Index Layer Com-
position)
[0380] Ethoxysilane of 239 g and ethanol of 553 g were

mixed, the resulting mixture was added with 157 gofa 0.15%
acetic acid aqueous solution, followed by being stirred in a
water bath of 25° C. for 30 hours, whereby hydrolyzed prod-
uct A was prepared.

Hydrolysis product of tetraethoxysilane A

Hollow microparticles (P-2 described below)
dispersion

KBM 503 (silane coupling agent, manufactured by
Shin-Etsu Chemical Co., Ltd.)

10% propylene glycol monomethylether solution of
straight chain dimethyl silicon-EO block copolymer
(FZ-2207, manufactured by Nippon Unicar

110 weight parts
30 weight parts

4 weight parts

3 weight parts

Co., Ltd.)
Propylene glycol monomethylether 400 weight parts
Isopropyl alcohol 400 weight parts
[0381] (Preparation of Hollow Microparticles (P-2) Dis-
persion)
[0382] A mixture of 100 g of silica sol, having a mean

particle size of 5 nm and a SiO, concentration of 20 weight %,
and 1,900 g of purified water was heated at 80° C. This
reaction mother solution, pH of which was 10.5, was simul-
taneously added with 9,000 g of a sodium silicate aqueous
solution containing 0.98 weight % of Si0, and 9,000 g of a
sodium aluminate aqueous solution containing 1.02 weight %
0f Al,O,. Meanwhile, the temperature of the reaction solution
was kept at 80° C. The pH of the reaction solution was raised
to 12.5 immediately after the addition and barely changed
thereafter. After finishing the addition, the reaction solution
was cooled to room temperature and washed with a ultra-
filtration membrane to prepare SiO,.Al,O, nuclear particle
dispersion having a solid content of 20 weight % (process
(a)).

[0383] This nuclear particle dispersion of 500 g was added
with 1,700 g of water and heated at 98° C., followed by being
added with 3,000 g of a silicic acid solution (Si0, concentra-
tion of 3.5 weight %), which were prepared by subjecting a
sodium silicate aqueous solution to dealkalization with cat-
ionic ion exchange resin, whereby a dispersion of nuclear
particle provided with the first silica covering layer (process
(b).

[0384] Next,anuclear particle dispersion, which has a solid
content of 13 weight % by washing with an ultrafiltration
membrane, of 500 g was added with 1,125 g of water, fol-
lowed by being further added drop-wise with concentrated
hydrochloric acid (35.5%) to make pH of 11.0 to conduct
dealkalization. Successively, dissolved aluminum salt was
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separated with an ultrafiltration membrane while adding 10
of hydrochloric acid aqueous solution having a pH of 3 and §
L of water, whereby a dispersion of Si0,.A1,0; porous par-
ticles comprising nuclear particles having the first silica cover
layer, a part of constituent component of which was removed,
was prepared (process (c)). A mixed solution comprising
1,500 g of the above described porous particle dispersion, 500
g water, 1,750 g of ethanol and 626 g of ammonia watet, after
having been heated at 35° C., was added with 104 g of ethyl
silicate (28 weight % of Si0,) and the surface of porous
particles having the first silica cover layer was coated with a
hydrolysis condensation polymerization product of ethylsili-
cate, whereby the second silica cover layer was formed. Next,
the solvent was replaced with ethanol by use of an ultrafiltra-
tion membrane to prepare a dispersion of hollow silica micro-
particles (P-2) having a solid content of 20 weight %.
[0385] The hollow silica particles have a thickness of the
first silica cover layer of 3 nm, a mean particle size of 47 nm,
MOx/Si02 (mol ratio) of 0.0017 and a refractive index of
1.28. Herein, a mean particle size was measured by means of
a dynamic light scattering method.

[0386] <<Evaluation of Polarizing Plate Sample>>

[0387] Evaluation of front contrast and evaluation of lami-
nation property were conducted utilizing polarizing plate pro-
tective films 1-1'-1-20" having an antireflection layer prepared
above in a similar manner as described in Example 1, and it
has been confirmed that any sample exhibits contrast value in
a range of 700-800, or high front contrast, and provides a
liquid crystal display apparatus having an excellent antire-
flection function.

1. A polarizing plate arranged on at least one surface of a
liquid crystal cell for use in a liquid crystal display apparatus,
comprising a first polarizing plate protective film arranged on
the liquid crystal cell side with respect to a polarizing film,
and a second polarizing plate protective film arranged on the
side opposite to the liquid crystal cell intervening the polar-
izing film,

wherein the first polarizing plate protective film contains a

cellulose ester and a hindered phenol compound in an
amount of0.01 to 5.0 weight % based on the total weight
of the cellulose ester.

2. The polarizing plate described in claim 1, wherein the
cellulose ester contained in the first polarizing plate protec-
tive film is at least one selected from the group consisting of
cellulose acetate, cellulose propionate, cellulose butyrate,
cellulose acetate propionate, cellulose acetate butyrate, cel-
lulose acetate phthalate, and cellulose phthalate.

3. The polarizing plate described in claim 2, wherein the
cellulose ester contained in the first polarizing plate protec-
tive film is cellulose acetate propionate or cellulose acetate
butyrate.

4. The polarizing plate described in claim 3, wherein the
cellulose ester contained in the first polarizing plate protec-
tive film has an acyl group having 2-4 carbon atom numbers
as a substituent, and satisfies conditions defined by the fol-
lowing Equations (I) and (II), provided that X is a substitution
degree of an acetyl group, and Y is a substitution degree of a
propionyl group or a butyryl group:

202X+ 1=3.0 Equation (I)

0=Y=LS Equation (IT)
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5. The polarizing plate described in claim 1,

wherein a primary component of the second polarizing
plate protective film is the cellulose ester, and the cellu-
lose ester is at least one type selected from cellulose
acetate, cellulose acetate propionate and cellulose
acetate butyrate.

6. The polarizing plate described in claim 1,

wherein a primary component of the second polarizing
plate protective film is at least one selected from the
group consisting of a cycloolefin type polymer, polycar-
bonate type polymer, polylactic acid type polymer, and
polyester type polymer.

7. A liquid crystal display apparatus having polarizing

plates on both sides of a liquid crystal cell respectively,

wherein at least one of the polarizing plates arranged on
both sides of the liquid crystal cell is provided with a first
polarizing plate protective film arranged on the liquid
crystal cell side with respect to the polarizing film and a
second polarizing plate protective film arranged on the
side opposite to the liquid crystal cell intervening the
polarizing film, and the first polarizing plate protective
film contains a cellulose ester, and a hindered phenol
compound in an amount of 0.01 to 5.0 weight % based
on the total weight of the cellulose ester.

8. The liquid crystal display apparatus described in claim 7,

wherein both polarizing plates arranged on both sides of
the liquid crystal cell are provided with the first polariz-
ing plate protective film arranged on a liquid crystal cell
side with respect to the polarizing film and the second
polarizing plate protective film arranged on the side
opposite to the liquid crystal cell intervening the polar-
izing film, and the first polarizing plate protective film
contains the cellulose ester and the hindered phenol
compound in an amount of 0.01 to 5.0 weight % based
on the total weight of cellulose ester.

9. A manufacturing method of a polarizing plate compris-
ing the steps of:

1) arranging a first polarizing plate protective film on at
least one side of a liquid crystal cell utilized in a liquid
crystal display apparatus, and the first polarizing plate
protective film is provided on the liquid crystal cell side
with respect to the polarizing film, and

ii) arranging a second polarizing plate protective film on
the side opposite to the liquid crystal cell intervening the
polarizing film,

wherein provided are a process to manufacture the first
polarizing plate protective film by means of a melt-
casting method by heat-melting a mixture of a cellulose
ester and 0.01-5.0 weight % of a hindered phenol com-
pound based on the total weight of the cellulose ester,
and a process to laminate up the first polarizing plate
protective film and the second polarizing plate protec-
tive film against the polarizing film.

10. The manufacturing method of a polarizing plate
described in claim 9,

wherein the heat-melting is conducted at a temperature of
not lower than 200° C. and not higher than 280° C.

k% ok o ok %
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