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DESCRIPTION

CELLULOSE ACYLATE GRAINS AND METHOD FOR PRODUCING THEM,
CELLULOSE ACYLATE FILM AND METHOD FOR PRODUCING IT, POLARIZER,
OPTICAL COMPENSATORY FILM, ANTIREFLECTION FILM AND

| LIQUID-CRYSTAL DISPLAY DEVIC.E

TECHNICAL FIELD _

The present invention relates to cellulose acylate grains,
a cellulose acylate film, and methods for producing them. The
invention also relates to a polarizer, an optlcal compensafory
film, an antlreflectlon film and a liquid- crystal ‘display
device that comprise a cellulose acylate film having excellent

optical properties.

BACKGROUND ART

Heretofore, in producing cellulose acylate films for use
in liquid-crystal image display devices, a solution-casting
method has been principally carried out, which.comprises
dissolving cellulose écylate in a chlorine-containing organic
solvent such.as<jichloromethané, castiﬁg it on a substrate, and
drying it to form a film. Dichloromethane, a type of a
chlorine-containing organic solvent has been favorably used as
a solvent for cellulose acylate, since it is a good solvent for
cellulose acylate and has a low boiling point (about 40°C),
therefore having the advantage of easy vaporization in a film
formation step and in a drying step.

Recently, however, from the viewpoint of environmental
protection, it has become strongly required to retard release
of chlorine-containing organic solvent and other organic
solvents. Accordingly, some countermeasures have heretofore
been tried and employed for retarding the release of organic
solvent as much as possible, for example, by using a more

severely—controlledclosedsystemenoughtépmeventtheleakage
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of organic solvent from it, or by leading the organic solvent,

if any, leaked out from a film-forming system into a gas

.absorption column to adsorb it before the organic solvent is

released in outdoor air, or by burning the organic solvent with
flames, or by decomposing it with electron beams. Even by these
countermeasures, however, it is still impossible to completely
prevent the release of organic solvent, and further
improvements are required.

A method of film formation with no use of organic solvent
has been developed (see JP-A-2000-352620), which . is
melt-casting film formation of cellulose _acylate. .This
reference says that the carbon chain of fhe ester group in
celluiose acylate\is prolonged so as to lower the melting point
of the polymer for easy melt-casting film formation of the
polymer. Concretely, it describes changing cellulose acetate

into cellulose propionate.

DISCLOSURE OF THE INVENTION

We; the-present inventors tried forming a bolarizer,
using a film produced according to the melt-casting film
formation method described in Patent Reference 1, and tried
building the polarizer in liquid-crystal display devices (LCD),
but we have known fhat, when the devices are used for a long
périod of time, then they have pfoblenlof increased yellowing.
Forexample,wehaveknownthat,whentheliquid—crystaldisplay
devices are subjected to a forced aging test (for example, at
80°C for 1000 hours) that corresponds to actual use thereof for
a period of their durability, then they resulted in significant
yellowing. The yellowing reduces the commercial value of the
liquid-crystal display devices, and therefore, it is necessary
to develop films that are free from the problem of yellowing.

In consideration of the above-mentioned prior-art
problems, we, the present inventors have further studied for

the purpose of providing films that do not yellow when built
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~in liquid-crystal display devices and when used for a long

period of time, and for the purpose of providing grains for
formlng the fllms .

We, the present inventors have a331duously analyzed the -
reasonsof}@llow1ngthatmayoccurwhenllquld—crystaldlsplay
devices are used for a long period of time, end, as a result,
have found-that the decomposition products produced in melt
formation of films may undergo aged chemical change to cause
Yellowing. Based on this finding, we have succeeded in reducing
the crystallization of cellulose acylate grains for use in
melt-casting film formation and in solving_the problem of
yellowing. Accordingly, we have provided the-present invention
that comprises the following constitution. |

[1] Cellulose acylate grains having a heat quantlty of
crystalllne fusion of at most 10 J/g. Since the cellulose
acylate gralns of the invention have a low crystallinity, they
can be melt in a kneading extruder for a short perlod of time.
When the cellulose acylate grains of the invention 1s used in
a melt- castlng film formation process, the heat quantity
required for melting the resins can be reduced whereby a thermal
decomposition of the resins causing aged discoloration is
prevented. The cellulese acylate film produced by using the
cellulose acylate gfains of the invention is, when built in a
liduid—crystal display device and used for a long period of time,
sufficiently prevented from yellowing. _

[2] Cellulose acylate grains of [1], wherein the number
of acicular impurities is at most 50/mg.

[3] Cellulose acylate grains of [1] or [2], having a
sulfate group content of from 0 ppm to less than 200 ppm.

[4] Cellulose acylate grains of any one of [1l] to [3],
wherein the ratio of (sum of the molar amount of alkali metal
and the molar amount of Group—2_metal)/(the molar amount of
sulfate group) is from 0.3 to 3.0.

[5] Cellulose acylate grains of [4],/wherein the Group-2

3
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" metal 1s calcium.

[6] Cellulose acylate grains of any one of [1] to [5],

satisfying the following formulae (S-1) to (Sf3):

(S-1) 2.6 £X +Y £ 3.0,
(5-2) 0 <X <1.8,
(S-3) 1.0 £ Y £ 3.0;

wherein X means a degree of substitution of the hydroxyl group

of cellulose for an acetyl group; Y means a total degree of

substitution of the hydroxyl group of cellulose for a propionyl
group, a butyryl group, a pentanoyl group and a hexanoyl group.

[7] Cellulose acylate grains of any one of [1] to [6],
which are pellets. |

.[8] A method for producing cellulose acylaﬁe grains,
which comprises kneading a cellulose acylate resin in a
double-screw kneading extruder at a screw revolution of from
50 to 300 rpm and under a resin-kneading pressure of 2 to 9 MPa.

[9] The method for producing cellulose acylate grains of
[8], which includes kneading and extruding the cellulose
acylate fesin at 160°C to 220°C and pelletizing if.

[10] The method for producing cellulose acylate grains
of f8]'or [9], wherein the resin is pelletized by controlling
the inner preséure of the double-screw kneading extruder to
lower than 1 atmosbheric pressure.

[11] The method for producing cellulose acylate grains
of any one of [8] to [10], wherein the resin is pelletized while
an inert gas is introduced into the doublé—screw kneading
extruder.

[12] The method for producing cellulose acylate grains
of any one of [9] to [11], which includes grinding the pellets
formed through pelletization.

[13] The method for producing cellulose acylate grains
of any one of [8] to [12], which includes reacting'the}:ellulose
acylatewith a carbonate, hydrogencarbonate, hydroxide or oxide

of at least one metal selected from the"group consisting of
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" sodium, potassium, magnesium and calcium for neutralization

before the kneading. _

[14] A method for producing cellulose a;ylate grains,
which comprises preparing a cellﬁlose acylate solution by.
dissolving a cellulose acylate in a solvent having an SP value
of from 7 té 10, and then solidifying the cellulose acylate.

[15] - The method for producing cellulose acylate grains
of [14]; wherein the solvent having an SP value of from 7 to
10 is an ester solvent having an SP Value of from 7 to 10, a
halogenated hydrocarbon solvent having an SP value of from 7
to 10 or a ketone solvent having an SP value of . from 7 tollo.

[16] The hethod for producing cellulose acylate grains
of [14] or [15], wherein the solidification is'attained by
drying the cellulbse acylate solution to remove the solvent.

[17] The method for producing cellulose acylate grains
of [14] or [15], wherein thé solidification is attained by .
introducing the cellulose acylate solution into a poor solvent
to thereby precipitate the cellulose acylate. '

[18] A method for producing a cellulose acyiate film,
which comprises melt-casting cellulose acylate grains of any
one of [1l] to [7] into a film.

{19] The method for producing a cellulose acylate film
of [18], wherein the film is formed by the use of a touch roll
under a linear pressure of from 3 kg/cm to 100 kg/cm.

[20] The method for producing a celluloée acylate film
of [18], wherein the film is formed by the use of a touch roll
under a contact pressure of from 0.3 MPa to 3 MPa.

[21] The method for producing a cellulose acylate film
of any one of [18] to [20], which further includes stretching
the formed cellulose acylate film in at least one direction by
from 1% to 300%. _

[22] A cellulose acylate film produced according to the
production method of any one of.[18] to [21].

[23] A cellulose acylate film formed of the cellulose

5
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" acylate grains of any one of [1]} to [7], which has a residual

solvent content of at most 0.01% by mass.

[24] Apolarizer comprising a polarizing film and at least
onelayercﬂfthecélluloseacylatefilmof[22](n:[23]laminated-
thereon. '

_ [25] lAn optical compensatory film comprising the
cellulose acylate filmof [22] or [23] as the substrate thereof.

[26] An antireflection film comprising the cellulose
acylate film of [22] or [23] as the substrate thereof.

[27] A liquid-crystal display device comprising at least
one of the polarizer of [24], the optical compensétory £ilm of
[25], and the antireflegtion film of [26]!

The method for producing cellulose acylate grains of the
invention may inélude activating cellulose,  acylating the
cellulose and/or cleaning with sulfuric acid prior to the
neutraliiation. | _

The cellulose acylate filmof the invention is, whenbuilt
in a liquid-crystal display device and used for a long period
of time, prevented.fronlyellowing. Accordingly, thé(:ellulose
acylate film of the invention is extremely useful as polarizer,
optical compensatory film and antireflection film. According
to the production method for cellulose acylate grains of the
invention, the celiulose acylate film may be produced in a

simplified manner.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing the outline of one
embodiment of an apparatus for carrying out melt-casting film
formation according to the invention. In the drawing, 101 is
a kneading extruder, 102 is a gear pump, 103 is a filter, 104
is a die, 105 is a touch roll, 106 is a casting chill drum, 107
is a cellulose acylaté, 108 is a machine-direction stretching
zone,109iseacross—directionstrétchingzone,110ij;awinding

up zone.
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BEST MODE FOR CARRYING OUT THE INVENTION

The cellulose acylate grains, the cellulose acylate film,

and their production methods and their applications are

described in detail hereinunder.

In this description, the term "grains" is a concept that
broadly includes any and every granular matter having a size
of from 0.01 mm® to 100000 mm® or so. Also in this description,
the term "pellets" is a concept within a range of "grains", and
this means a granular matter having a size of 1 mm’ to 500 mm>
or so.

'The description of the constitutive elements oflthe
inventiongiveﬁhereinundern@ykxaforsometYpicalembodiments
of the invention, to which, however, the invention should not
be limited. Inthisdescription,thenumericalrangeexpreésed
by the wording "a number to another number" means the range that
falls between the former numbér indicating the lowermost limit
of the range and the latter number indicating the uppermost
limit thereof. '
Retardétion of Yellowing:

- In the invention, the cellulose acylate gréins to be used
for producing cellulose achate films are characterized by the
following, in order to brevent the formed films from yellowing
when built in liquid—crystal display devices and when used for
a'long period of time. 1In addition, the method for producing
celluloseacylategrainsandthen@thodforrmodﬁcingcellulose
acylate films are also characterized by the following. These
are described in order.

(1) Characteristics of Cellulose Acylate Grains:

As in the above, in the invention, cellulose acylate
grains having a heat quantity of crystalline fusion of at most
10 J/g are used for producing cellulose acylate films in order
that the films are, whenbuilt in liquid-crystal display devices
and when used for a long period of time, prevented from yellowing.

Theheatquantityofcmystallinefushm1of£hecelluloseacylate

7
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' grains is more preferably from 0 J/g to 7 J/g, even more

preferably from 0 J/g to 5 J/g. By using the cellulose acylate

grains of the invention having a small heat quantity of

crystalline fusion, the grains can be rapidly melt in the
melt—casting' film formation process. . ‘The  thermal
decomposition of the resins that 1is the main cause of the
yellowing was found to be prevented remarkably compared to the
prior pfocesses. .

In the invention, the heat of crystalline fusion is
obtained from the_sum.total of the areas of the heat absorption
peaks in DSC (differential scanning calorimeter). When'the
absorptiorlpeak;is not detected, the heat of crystalline fusion
is expressed as 0 (J/qg). '

_ Preferably/ the number of acicular impurities in the
cellulose acylate grains of the invention is at most 50/mg, more
preferablyfrom()to40/mg,eveﬁnmrepreferablyfrom()to30/mg.
When acicular impurities exist in the grains, then they act as
nuclei and promote crystallization in the grains around them.
Accordingly, when they are desired to be melted in fhe process
of melt—casting film formation, then they may.be thermally
decomposed to increase aged discoloration. In particular, the
filter disposed in a melt-casting film formation apparatus (in
general, it is dispbsed between a kneading extruder and a die)
has a large dead space, and a resin melt may stay therein and
thermally decomposed to cause aged discoloration. When the
cellulose acylate grains having a smaller amount of acicular
impurities as above are used, then the thermal decomposition
may be more effectively prevented.

The reason of acicular impurities is the unreacted
cellulose still having remained after acylation of cellulose.
Accordingly, for the purpose of reducing the number of acicular
impurities, preferably employed are a method of previously
activating the starting cellulo;e for acylation, for example,

by swelling it, in order that the acylatiﬁg agent (carboxylic
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acid anhydride) used could fully penetrate into it, and/or a

method of filtering the acylated cellulose through filter paper

or filter cloth to remove acicular impurities from it, and then

putting it in a poor solvent to precipitate cellulose acylate.
Preferably, the sulfate group conteﬁt'of'the.cellulose
acylate grains of the invention is from O ppm to less than 200
ppm,mo:epreferablyfromlO;nm1U316Oppm,evenmorepreferably
from 20 ppm to 120 ppm. The residual sulfate group as referred
to herein is a sulfate group that exists in the cellulose acylate
in the form of a_bound sulfuric acid, a non-bound sulfuric acid,
a salt, an ester or a complex thereof; andlthe-éulfate'group
content means the total content of those sulfate groups. The
sulfate group in gellulose acylate would be because sulfuric
acid serving as an acylation catalyst may bond to the hydroxyl
group of cellulose to form a sulfate ester, or may be caught
bycelluloseacylaUaasitsfreeéulfuricacidcn;itssalt,ester
or complex therein, and they could not be removed in a washing
step but remain in the polymer. The cellulose acylate grainé
having a'sulfate group content of less than 200 ppm may be
prepared by suitably washing the cellulose acylate in the
process of producing it.' The residual sulfate group may
esterify with the residdal hydroxyl group.of cellulose acylate,
but owing to the strbng'hydrogerlbonding'thereof, the cellulose
acylate grains may readily aggfegate together to promote the
crystallization thereof. Accordingly, when the grains are
melted in a melt-casting film formation process, then they are
thermally decomposed to 1increase aged discoloration.
Therefore, it is desirable that the sulfate group content is
controlled to be less than 200 ppm, whereby the formation of
thermally-decomposed products that may be a cause of aged
discoloration of cellulose acylate, may be more effectively
prevented. .
Preferably, the cellulose acylate grains of the invention

contains an alkali metal and a Group-2 metal element. One or

9
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" more of these may be in the polymer either sing'ly or as combined.

Preferably, these compounds are added during the process of
producingcelluloséacylate,morep;gferablyduringthewashing
step after celluiose acylate production. Preferred alkali.
metals and Group-2 metal elements are magnesium, calcium and
strontium; more preferred are magnesium and calcium; and even
more preferred is calcium. Preferably, the alkali metal and
the Grdup—2- metal element are added as weakly-alkaline
compounds thereof, for example, as metal carbonates, metal

hydrogencarbonates, metal hydroxides, or metal oxides. More

preferred are hydroxide compounds or. weakly. acid-salt

compounds; and even more preferred are hydroxide compounds.

Above all, especially preferred are magnesium or calcium
carbonates, hydrodencarbonates, hydroxides and: oxides; more

preferred is calcium hydroxide.

Adding an alkali metal and/or a Group—é metal iseffective
for neutralizing the above-mentioned sulfuric acid. As a
result, the formation of thermal decomposition products, which
is a cause of aged discoloration of cellulose acylaﬁe, may be
more effectively prevented. 1In the cellulose acylate grains
of the invention, the ratio of ('sum of the molar amount of alkali
metal and the molar amount of Group-2 metal)/(the molar amount
ofsulfategroup)isfneferablyfrom0.31x>3.0,morepreferably
from 0.4 to 2.5, even more preferably from 0.5 to 2.0.

The weight-—-average degree of polYmeriiation of the
cellulose acylate in the cellulose acylaté grains of the
invention is preferably from 250 to 500, more preferably from
330 to 480, evenmore preferably from 350 to 450. Whencellulose
acylate having such a low degree of polymerization is used, then
the melt viscosity thereof in melt-casting film formation may
be small to facilitate the intended melt-casting film formation.
As a result, 1t is unnecessary to increase the melting
temperature in the film formation process and therefore the

formation of thermal decomposition producfs, which is a cause

10
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of aged discoloration of cellulose acylate, may be more

effectively prevented. In addition, the low-molecular-weight

.polymer may prevent crystal formation and is therefore

effective for reducing the amount of crystals in the grains.
The degree of polymerization may lower with the incréase in the
acylation temperature and with the prolongation of the reaction
time, and therefore the cellulose acylate for use herein may
have a controlled desired degree of polymerization by
controlling the acylation temperature and time.

Preferably, the cellulose acylate grains of the invention
have a degree of substitution satisfying the follo.wi\ng formulae
(S-1) to (S-3), more preferably satisfying the following
formulae (5-4) to (S-6), even more preferably satisfying the
following. formulae (S-7) to (S-9). 'HaVing the degree of
substitution (composition).as defined herein, the crystal
formatioﬁ ih the grains may be retarded. Specifically, a
prbpionyl group, a butyryl group, a pentanoyl group and a
hexanoyl'group that are bulkier than an.acetyl group are made
to exist in the cellulose acylate grains of the invention along
with an acetyl group as combined with them, whereby the
molecular regularity of the'grains may be broken and the crystal
formation may be prevenfed. The degree of substitution may be
controlled by contfolling the amount of the acylating agent
(écid anhydride) to be added to the reaction system.

(2-1) Production of Grains by Melting Prdcess:

The cellulose acylate grains of the invention may be
produced through a step of melting a cellulose acylate resin
(melting process). In particular, when pellets are produced,
the melting process is employed.

Concretely, the cellulose acylate grains of the invention
may be produced by kneading a cellulose acylate resin in a
double-screw kneading extruder at a screw revolution of from
50 to 300 rpm under a resin-kneading pressure of 2 to 9 MPa.

The screw revolution is more preferably from 80 to 250 rpm, and

11
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even more preferably from 100 to 230 rpm. The resin-kneading

pressure 1is more preferably from 2 to 8 MPa, and even more

preferably 3 to 6 MPa.

When such én inner pressure is applied thereto, the
cellulose a;Ylate resin, or that.is, the starting méterial for
grains may be filled up in the double-screw extruder used. As
a result, the resin may be more efficiently kneaded, and the
crystalé may -be more sufficiently melted while preventing
thermal decomposition.. In general, such an inner pressure is
not applied to the resin-melting system. However, if the
pressure is not applied thereto, the double—screw“extruder5may
have a space around the screw therein, in which the resin may
be strongly sheared and may thereby readily undergo thermal
decomposition. Tﬁis may be a cause of aged discoloration after
film formation. The pressure control may be attained by
providing a pressure control Qalve at the outlet port of the
double-screw kneading extruder for use herein; In general, a
double-screw kneading extruder is used at a reﬁoluﬁion of at
most 40 r?m, but in the invention, the extruder is preferably
used under the condition as above. Accordingly, the residence
time in the double-screw extruder may be shortened and the
thermal decomposition May be more effectively prevented. The
increase in the sheér force by the high revolution may promote
the fusion_bf crystals.

The pelletization is effected preferably at a temperature
of from 160°C to 220°C inside the double-screw kneading extruder,
more preferably from 170°C to 215°C, even more preferably from
180°C to 210°C. 1In general, a film-forming resin is melted at

a high temperature of 230°C or higher, but in the invention,

the starting cellulose acylate resin is melted preferably at
such a low temperature. Within the screw revolution range and
the inner pressure range as above, the resin crystals may be
melted, and such a low temperature range is enough in the

invention. As a result, thermal decomposition that causes aged
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discoloration may be more effectively prevented.

In the invention, the resin is pelletized while the inner

pressure of the double-screw kneading extruder used is

preferably kept lower than 1 atmospheric pressure, more
preferably from 0 to 0.8 atmospheric pressure, eveﬁ more
preferably from 0.1 to 0.6 atmospheric pressure. The reduced
pressure may be attained by degassing the double-screw kneading
extruder via the vent or hopper provided in the kneading zone
therecf, by the use of a vacuum pump.

As the case may be, an inert gas may be introduced into
the double-screw kneading extruder so as- to make*'the oxygen
concentration in the extruder preferably from 0 to 18%, more
preferably from 0.5 to 16%, even more preferably from 1 to 14%
during the pelletization therein. 1In this case, rare gases or
nitrogen may be used for the inert gas, which may be introduced
into the double—screw kneading.extruder via the vent or hopper
provided in the kneading zone of the extruder.

The'pressure reduction and the inert gas injection may
be effected independently, or may be effected simultaneously
as combined as one preferred embodiment of pelletization.

The cellulose acylate pellets thus prepared in the manner
as above are suitable for film formation by the use of a
single-screw extruder in the subsequent film-forming step. A
sihgle—screw extruder may attain a constant resin melt
extrusion per unit time, and it may prevent film thickness
fluctuation.

When ground, the cellulose acylate pellets produced in
the manner as above may be cellulose acylate grains having a
smaller grain size. The resulting grains may also be used for
film formation.

(2-2) Production of Grains by Dissolving Process:

The cellulose acylate grains of the invention may be

produced through a process of dissolving a cellulose acylate

resin (dissolving process). Concretely,'a cellulose acylate
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" resin is dissolved in a solvent having an SP value of from 7

to 10, and then solidified to produce cellulose acylate grains
of the invention. The SP value is more preferably from 7.5 to
9.7, and even more preferably from 8.0 to 9.5. The definition-
and the determination of the SP value (solubility parameter)

as referred to herein are described in detail in the section
of measurement methods given hereinunder. The solvent having
an SP vaiue of from 7 to 10 is preferably an ester solvent having
an SP value of from 7 to 10, a halogenated hydrocarbon solvent
having an SP value of from 7 to 10 or a ketone solvent having
an SP value of from 7 to 10. Examples of the preferred solvent
include acetone, methyl ethyl ketone, diethyl ketone, ethyl
acetate, butyl acetate and dichloromethane. Among then, more
preferable are acetone, methyl ethyl ketone, ethyl aceta£e,

butyl. acetate and dichloromethane.

The cohcentration of the cellulose acylate solution to
belobtained after dissolution is preferably from 1% by mass to
40% by mass, more preferably from 3% by mass to 35% by mass,
even more preferably from 5% by mass to 30% by hass. The
dissolution temperature is preferably from 10°C to 50°C, more
preferably from 15°C to 40°C.

The solldlflcatlon may be attained by drying the solution
to evaporate the solvent (drying method), or by putting the
solution into a poor solvent for precipitation (precipitation
method). The poor solvent 1is preferably water, or a mixed
solvent of water and lower alcchol (e.g., methanol, ethanol,
propanol) .

When cellulose acylate is dissolved in a solvent having
the above-mentioned SP value, the solvent has a suitable
affinity for cellulose acylate and therefore cellulose acylate
is prevented from aggregating to form crystals. Accordingly,
the heat quantity of crystalline fusion of the cellulose acylate
grains produced may be controlled to fall within the defined

range of the invention.
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Preferably, the cellulose acylate grains of the invention
have a size of from 1 mm® to 100000 mm’, more preferably from
2 mm® to 50000 mm®, even more preferably from 3 mq? to 10000 mm®.
When the drying.n@thod. is employed, then the solidified:
celluloSe acylate may be ground for size control. When the
precipitation method is employed, the size of the droplets of
the cellulose acylate solution to be put into a poor solvent
may be controlled, or the cellulose acylate solution added to
a poor solvent may be stirred at high speed, whereby the size
of the droplets of the cellulose aciylate solution may be reduced
to control the grains to be produced. ; |

The cellulose acylate grains thus obtéined in the manner
as above are suitable for film formation to be attained by the
use of a double—scfew extruder in the subsequent melt-casting
film formation process. In a double-screw extruder, the resin
may be meited while a high sheér force is applied thereto. 1In
this, therefore, formation of fish eyes txﬁ be caused by
un-melted cellulose aéylatelnaykxaprevehted. Preferably, the
double—sérew kneading extruder is driven to knead aﬁdznelt the
resin therein, at a screw revolution of from 50 to'300 rpm under
a resin-kneading pressure of at most 10 MPa. More preferably,
the screw revolution. is from 80 to 250 rpm, and the
resin-kneading preésure is from 1 MPa to 9 MPa; even more
préferably,'the screw revolution is from 100 to 230 rpm.

When the combination of cellulose acylate pellets and a
single-screw extruder mentioned above is compared with the
combination of cellulose acylate grains and a double-screw
extruder, then the former is preferred to the latter in point
of its capability of film thickness control that is a more
important factor for optical films.

(3) Production of Cellulose Acylate Film by the use of Touch
Roll: _
In the invention, a cellulose acylate film is prepared

from the cellulose acylate grains proddéed by the melting
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- process or the dissolving process.

It is desirable to use a touch roll in preparing the

cellulose acylate film. The touch roll is a roll to be disposed

in the film-forming system in such a manner that the resin melt:
(resin in me_lt) having passed through a die from a melt extruder
could be sandwiched between a roll onto whiéh the resin melt
is to be cast, and this touch roll.

The touch roll of the type may comprise an elastic layer
formed on a metal shaft, which is further covered with an ocuter
jacket and in which a liquid medium layer is filled between the
elastic layer and the outer jacket. The layer .thi‘ckness -0of the
outer Jjacket ils preferably from 0.05 mm- to 7.0 mm, more
preferably from 0.2 mm to 5.0 mm.. Preferably, the casting roll
and the touch- ro.ll both have a mirror surface having an
arithmetical mean height Ra of at most 100 nm, more preferably
at most 50 nni, even more preferably at most 25 nm. Concretely,
for  example, those described  in  JP-A-11-314263,
JP-A-2002-36332, '~ JP-A-11-235747, JP-A-2004-216717,
JP-A-2003-145609, WO97/28950 are usable herein.

' To that effect, since the touch roll is filledwith a fluid
inside its thin outer jackét, it may be elastically deformed
as depressed by the pressure applied thereto when kept in
contact with a casting roll. Accordingly, since the touch roll
and the casting roll are in face-to-face contact _with each other,
their pressure is dispersed and they may attain a low surface
pressure. Therefore, no residual strain remains in the film
sandwiched between them, and the surface roughness of the film
may be therefore removed. Preferably, the linear pressure of
the touch roll is from 3 kg/cm to 100 kg/cm, more preferably
from 5 kg/cm to 80 kg/cm, even more preferably from 7 kg/cm to
60 kg/cm. The linear pressure as referred to herein means a
value to be obtained by dividing the power given to the touch
roll by the width of die orifice.

Preferably, the force to press the t'buch roll is defined

16



10

15

20

25

30

WO 2007/072995 PCT/JP2006/326172

by a contact pressure thereto. The contact pressure means a

value to be obtained by dividing the force to press the touch

roll by the area in which the touch roll and the casting roll

are kept in contact with each other. 1In the invention, the-
contact pressure is preferably from 0.3 MPa to 3\MPa, more
preferably from 0.5 MPa to 2.5 MPa, even more preferably from
0.7 MPa to-2.0 MPa.

The temperature of the touch roll and the casting roll
is preferably from 60°C to 160°C, more preferably from 70°C to
150°C, even more preferably from 80°C go 140°C. The temperature
control within the range may be attained by maki,ng-é conditioned
liquid or vapor run inside the roll. |

When the touch roll of the type is used, then the film
is cooled .from bofh the casting roll and the touch roll and
therefore its aged discoloration may be more effectiVely
prevented. in the absence of the touch roll, the melt from a
die may be cooled by the casting roll only on its one surface,
and therefore the cooling speed is low. Accordingiy, thermai
decomposition- of the cellulose acylate may be. promoted,
therefore causing aged discoloration of the resulting film.
Since the casting roll is all the timé exposed to ailr on its
upper surface, the time for‘which'the filmon the roll is exposed
to high temperaturee may be short, but the film on the roll may
readily undergo thermal decomposition. In that condition,
therefore, rapidly cooling the film with'the touch roll is
especially effective.

Cellulose Acylate:

Cellulose acylate for use in the invention is described
below.

To the method of producing cellulose acylate for use in
the invention, applicable is the description in Hatsumei Kyokai
Disclosure Bulletin (No. 2001-1745, published by the Hatsumei
Kyokai on March 15, 2001), pp. 7-12. The amount added as

referred to herein is in terms of% by mass relative to cellulose
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~acylate.

Starting Material: ’

The stérting cellulose material for producing cellulose
acylate is preferébly one derived from hardwood pulp, softwood -
pulp, cotton linter. | ‘
Activation: _

Prior to acylation, the starting cellulose material is
preferably processed with an activator (for activation). The
activator is preferably acetic acid, propionic acid, butyric
acid, more preferably acetic acid. The amount of the activator
to be added is preferably from 5% to 10000%, mofe\preferably
from 10% to 2000%, even more preferably from 30% to 1000%. The
method for its add%tidrlmayfbe selected fronlsprayiﬁg, dropwise
application or dipping. Theactivationtiméispmeferablyfrdm
20 minutes to 72 hours, more'preferably from 20 minutes to 12
hours. The activation time is preferably from 0°C to 90°C, more

preferably from 20°C to 60°C. If desired, an acylation catalyst

such as sulfuric acid may be used along'with the activator in
an amounf of from 0.1% by mass to 10% by mass. .

' The activation may reduce the amount of the
above-mentioned aciculaf impurities in cellulose.
Specifically, when the activation temperature is higher and
when the activatioﬁ time is longer, then the amount of the
acicular impurities may be reduced more.

Acylation:

Preferably, cellulose is reacted with a carboxylic acid
anhydride in the presence of a Broensted acid or a Lewis acid
serving as a catalyst (see Dictionary of Physic and Chemistry,
5th Ed., 2000), thereby acylating the hydroxyl group of
cellulose.

For controlling the temperature increase owing to the
reaction heat in acylation, it is desirable that the acylating
agent 1s previously cooled. The acylation temperature 1is

preferablyfrom—SO%Zto50°C,morepreferabiyffom—30°cto40°C,
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evenmore preferably from -20°C to 35°C. The lowermost reaction

temperature is preferably -50°C or higher, more preferably -30°C

-or higher, even more preferably -20°C or higher. The acylation

time is preferably from 0.5 hours to 24 hours, more preferably:
from 1 hour to 12 hours, even more preferably from 1.5 hours
to 10 hours.

For obtaining a cellulose mixed-acylate, for example,
employable is a method of reacting celllul_ose with two different
typesofcmrboxylicacidanhydridesbothsefvingasen1acylating
agent, as their mixture or by suécessively adding them; or a
method of using a mixed acid anhydride of two different types
of carboxylic acids (e.g., mixed acetic/propionic acid
anhydride); or a method of reacting a carboxylic acid with a
different carboxylic acid anhydride (e.g., acetic acid and
propionic acid anhydride) in a reaction system to form a mixed
acid anhydride (e.g., mixed adetic/propionic acid anhydride)
foilowed by further reacting it with cellulose} or a method of
once producing a cellulose acylate having a degree of
substitufion<xfless than 3, and then further'acylatingjj:with
an acid anhydride or an acid halide at its remaining hydroxyl
group.’ | |

Regarding the prbduction of a cellulose acylate having
alargedegreeof6—éubstitution,referredtxaisthedescription
in JP-A-11-5851, JP-A-2002-212338 and JP-A-2002-338601.
Acid Anhydride:s

For the carboxylic acid anhydride, the carboxylic acid
preferably has from 2 to 22 carbon atoms. More preferred are
acetic anhydride, propionic anhydride, butyric anhydride.
Preferably, the acid anhydride is added to cellulose in an
amount of from 1.1 to 50 equivalents to the hydroxyl group of
cellulose, more preferably from1l.2 to 30 equivalents, even more
preferably from 1.5 to 10 equivalents.

Catalyst:

The acylation catalyst is preferably a Broensted acid or
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- a Lewis acid, more preferably sulfuric acid or perchloric acid;

and its preferred amount to be added is from 0.1 to 30% by mass,
more preferably from 1 to 15% by mass, even more preferably from
3 to 12¢% by mass. '

Solvent: .

The acylation solvent is preferably a.carboxylic acid,
more preferably a carboxylic acid having from 2 to 7 carbon atoms,
evennmrépmeferablyaceticacid,propionicacid,butyricacid.
These solvents may be mixed for use herein.

Reaction Stopper: '

After the acylation, a reaction stopper is\preferébly
added to the system. The reaction stopper may be any one capable
of decomposing the acid anhydride, including, for example,
water, alcohol'(héving from 1 to 3 carbon atoms), carboxylic
acid (e.g., acetic acid, propionic acid, butyric acid). Above
all, especially preferred is a fnixture of water and a carboxylic
acid (acetic acid). Regarding the blend ratio of water to
carboxylic acid in 'the mixture, the amount of water is
preferabiy from 5% by mass to 80% by mass, more prefefably from
10% by mass to 60% by mass, even more preferably from 15% by
mass to 50% by mass.

Neutralizing Agent:

After stopping the acylation, a neutralizing agent may
be added to the system. Preferred examples of the neutralizing
agent are ammonium, organic quaternary ammonium, alkali metal,
Group-2 metal, Group-3 to 12 metal or Group-13 to 15 element
carbonates, hydrogencarbonates, salts with organic acids,
hydroxides or oxides. Especially preferred are sodium,
potassium, magnesium or calcium carbonates,
hydrogencarbonates, hydroxides or oxides.

Partial Hydrolysis:

Thus obtained, the cellulose acylate may have an overall

degree of substitution of '‘nearly 3, but for the purpose of

obtaining an ester having a desired degree of substitution, the
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~acylate may be kept in the presence of a small amount of a

catalyst (generally),the remaining acylation catalyst such as

-sulfuric acid) and water, at 20 to 90°C for a few minutes to

a few days so as to partially hydrolyze the ester bond thereof,
thereby reducing the degree of acyl substitution of the
cellulose acylate to a desired degree. After this, the
remaining catalyst may be neutralized with the above-mentioned
neutralizing agent to stop the partial hydrolysis.
Filtration:

In any stage from the acylation to reprecipitation, the
mixture may be filtered. Preferably, the system rﬁay be diluted
with a suitable solvent prior to the filtration. Through the
filtration, unreacted acicular impurities may be removed.
Whantheacicularimpuritiesarepreviouslyremovedthroughfhe
above-mentioned activation treatment, then the filtration may
be effected more efficiently; and this embodiment is more
préferred;

Reprecipitation:

Thé cellulose acylate solution may be mixed Qith water
of an aqueous. solution of a carboxylic acid (e.g.} acetic acid,
propionic acid) for reprecipitation. The reprecipitation may
be effected in a continuous or batchwise mode.

Washing:

‘ After reprecipitation, the acylate is preferably washed.
Water or hot water may be used for the washing. The termination
bf the washing may be confirmed through determination of pH,
ion concentration or electroconductivity or through elementary
analysis.

Addition of Alkali Metal, Group-2 Metal:

After washed, an alkali metal or Group-2 metal compound
as mentioned above is preferably added to the cellulose acylate.
The compound may be added, for example, as follows: The
compound is dissolved or dispersed in a solvent such as water,

and then sprayed over cellulose acylate; 6r cellulose acylate
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is dipped and stirred in the solution or dispersion and then

taken out through filtration.

.Drying:

Preferably, the cellulose acylate is dried at 50 to 160°C
so that it may have a water content of at most 2% by mass.

Cellulose Acylate:

The - cellulose acylate produced according to the
above-mentioned production method is a polymer in which a part
or all of the 2-, 3- and 6-positioned hydroxyl groups of the
glucose unit bonding to the B—l,4—glycoside structure of
cellulose are esterified with an acyl group. In the cellulose
acylate for use in the invention, the hydroxyl groups of
cellulose may be partially or entirely substituted with two or
more different types of acyl groups. '

Preferably, the cellulose acylate of the invention

satisfies the following formulae (S-1) to (S-3):

(S-1) 2.6 <X +Y<3.0,
(5-2) 0<X<1.8,
(S-3) 1.0 <Y < 3.0;

wherein X means a degree of substitution of the hydroxyl group
of cellulose for an acetyl group; Y means a total degree of
substitution of the hydroxyl group of cellulose for a propionyl
group, a butyryl grdup, a pentanoyl group and a hexanoyl group.
When all the 2-, 3- and 6-positioned hydroxyl groups of
cellulose are substituted with an acyl groupL then the degree
of substitution is 3.

More preferably, the cellulose acylate satisfies the
following formulae (5-4) to (S-6):

(S-4) 2.7 <X+ Y < 3.0,
(S-5) 0 £X <1.2,
(S-6) 1.5 €Y < 3.

Evenmore preferably, the cellulose acylate satisfies the
following formulae (S-7) to (S-9):
(S=7) 2.8 £ X +Y < 3.0,
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(S-8) 0
(S-9) 2.0 Y
When X + Y is 2.6 or more, then the hydrophilicity of the

IA
A X
IA

.8,
3.

A ©

cellulose acylate is low and the acylate may be more efficiently -
dried. _ |

When X is 1.8 or less, then the hydrophilicity of the
cellulose acylate is low and the acylate may be more efficiently
dried. .

When Y is 1.0 or more, then the hydrophobicity of the
cellulose acylate is relatively high, ‘and the acylate may be
efficiently dried. | |
Additive:

Heat S-tabilizer: N |

For further improving the heat stability of the cellulose
acylate in the invention, it is especially effective to add a
heat stabilizer thereto. In particular, it is desirable to add
a heat stabilizer thereto for the purpose of keeping the thermal
stability' of the cellulose acylate'during its melt—casting film
formatibﬁ at high temperatures. Above all, it is désirable to
add at least one phenolic stabilizer having a molecular weight
of at least 500 and at léast one selected from phosphite
stabilizers having a molecular weight of at least 500 and
thioether stabilize.rs having amolecular weight of at least 500.

. Any known phenolic stabilizer may be favorably used
herein. Onepreferred type of phenolic stabilj_zer is ahindered
phenol stabilizer. Especiallypreferably, the hindered phenol
stabilizer for use herein has a substituent at a position
adjacent to the hydroxyphenyl group therein, in which the
substituent is more preferably a substituted or unsubstituted
alkyl group having from 1 to 22 carbon atoms, even more
preferably a methyl group, an ethyl group, a propyl group, an
isopropyl group, a butyl group, an isobutyl group, a tert-butyl
group, a pentyl-group, an isopentyl group, a tert-pentyl group,
a hexyl group, an octyl group, an isococtyl gfoup, a 2—ethylhéxyl
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- group. Stabilizers having both a hydroxyphenyl group and a

phosphite group in one molecule are also preferred for use

herein.

These are éommercially available, and are sold, for
example, by the following manufacturérs. Irgahox 1076,
Irganox 1010, Irganox 3113, Irganox 245, Irganox 1135, Irganox
1330, Irganox 259, Irganox 565, Irganox 1035, Irganox 1098,
Irganox 1425WL are available from Ciba Speciality Chemicals.
Adekastab A0-50, Adekastab A0O-60, Adekastab A0-20, Adekastab
BAO-70, Adekastab A0O-80 are available from Asahi Denka Kogyo.
Sumilizer BP-76, Sumilizer BP-101, 'Sumilizef .GA-80 .are
availablefromSumitomoChemical. Seenox326M,Seenox336Bare
available from Sypro.

Phosphite stabilizers having a molecular weight of at
least 500 are effective as antioxidant, including, for example,
compoundé described in [0023].to [0039] in JP-A-2004-182979,
and compounds described in JP-A-51-70316, JP-A-10-306175,
JP-A-57-78431, JP-A-54-157159 and JP-A-55-13765. Other
stabilizérssnnﬂ1asthosedescribedjx1detailleHatsﬁmeiKyokai
Disclosure Bulletin (No. 2001-1745, published by the Hatsumeil
Kyokai on March 15) 2001),'pp. 17-22 are also usable herein,
as selected from them. 'These are also commercially available.
For example, Adekaétab 1178, 2112, PEP-8, PEP-24G, PEP-36G,
HP-10 are available from Asahi Denka Kogyo; and Sandostab P-EPQ
is available from Clariant. _

In the invention, any known thioether stabilizer may be
used. For example, Sumilizer TPL, TPM, TPS, TDP are
commercially available from Sumitomo Chemical; and Adekastab
A0O-412S is available from Asahi Denka Kogyo.

When these stabilizers are used herein, it is desirable
that at least one phenolic stabilizer, and at least one selected
from phosphite stabilizers and thioether stabilizers are added
to cellulose acylate each in an amount of from 0.02 to 3% by

mass of the acylate, more preferably fromJO.OS to 1% by mass.
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' The blend ratio of the phenolic stabilizer, and the phosphite

stabilizer and/or the thicether stabilizer is not specifically
defined, but is preferably from l/}O to 10/1 (by mass), more
preferably from 1/5 to 5/1 (by mass), even more preferably from -
1/3 to 3/1 (by mass), still more preferably from 1/3 to 2/1 (by
mass) . |

In the invention, it is recommendable to use a stabilizer
having both a hydroxyphenyl group and a phosphite group in one
molecule. Its examples are described iﬁ JP-A-10-273494. One
example of its commercial products is Sumilizer GP (by Sumitomo
Chemical). : , _ | \ |

Further, the long-chain aliphatic amines described in
JP-A-61-63686, the steric-hindered amine group-having
chpoundsdescribed:nlJP—A—6—329830,thehinderedpiperidinyl
stabilizers described in JP-A-7-90270, and the'organic amines
described.in JP-A-T7-278164 afe also usable herein.

Preferred amine stabilizers for use in the invention are
AsahiDenka'scommercialproductsAdekastabLA—57,LA—SZ,LA—67,
LA-62, LA—77,-'and Ciba Speciality Chemicals' éommercial
products Tinubin 765, 144. The proportion of the amine to the
stabilizer for use herein may be generally from 0.01 to 25% by
welght or so. |
UV Absorbent:

' The cellulose acylate may contain an UV_inhibitor. uv
inhibitors are .described, for example, in JP-A-60-235852,
JP-A-3-199201, JP-A-5-1907073, JP-A-5-194789, JP-A-5-271471,
JP-A-6-107854, JP-A-6-118233, JP-A-6-148430, JP-A-7-11056,
JP-A-7-11055, JP-A-8-29619, JP-A-8-239509, JP-A-2000-204173.
The amount of the UV inhibitor that to be added is preferably
from 0.01 to 2% by mass of the resin melt being prepared herein,
more preferably from 0.01 to 1.5% by mass.

Commercially-available UV absorbents such as those
mentioned below are also usable herein.

Commercially-available benzotriazole compounds are Tinubin P
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(by Ciba Speciality Chemicals), Tinubin 234 (by Ciba Speciality
Chemicals, Tinubin 320 (by Ciba Speciality Chemicals), Tinubin

326 (by Ciba Speciality Chemicals), Tinubin 327 (by Ciba

Speciality Chemicals), Tinubin 328 (by Ciba Speciality
Chemicals), Sumisorb 340 (by Sumitomo Chemical), Adekastab
LA-31 (by Asahi Denka Kogyo). Commercially-available
benzophenone-type UV absorbents are Seesorb 100 (by Sypro
Chemical), Seesorb 101 (by Sypro Chemical), Seesorb 101S (by
Sypro Chemical), Seesorb 102 (by Sypro Chemical), Seesorb 103
(by Sypro -Chemical), Adekastab LA-51 (by Asahi Denka Kogyo),
Chemisorb 111 (by Chemipro Chemical), Uvinul D—49 (by BASF)..
Commercially-available oxalic acid anilide~-type UV absorbents
are Tinubin 312 (by’Ciba Speciality'Chemicals), Tinubin 315 (by
Ciba Speciality Chemicals). Commercially—availablesalicylic
acid-type UV absorbents are Seesorb 201 (by Sypro Chemical),
Seesorb 202 (by Sypro Chemical); and commercially-available
cyanoacrylate-type UV absorbents are Seesorb 501 (by Sypro
chemical)} Uvinul N-539 (by BASF) . |
Fine Parficlesi

Fine particles may be added to the cellulose acylate in
the invention. Fine particles includé those of an inorganic
compounds and those of an organic compound, any of which may
be used in the invéntion. Preferably, the fine particles to
be in the cellulose acylate in the invention have a mean primary
particle size of from 5 nm to 3 um, moré pfeferably from 5 nm
to 2.5 um, even more preferably from 20 nm to 2.0 pm. The amount
of the fine particles to be added to the cellulose acylate may
be from 0.005 to 1.0% by mass of the acylate, more preferably
from 0.01 to 0.8% by mass, even more preferably from 0.02 to
0.4% by mass.

The inorganic compound includes Si0O,, Zn0O, TiOz, SnOg,
Al,0;3, Zr0,, Iny03, MgO, BalQ, Mo0;, V205, talc, calcined kaolin,
calcined calciumsilicate, calciumsilicate hydrate, aluminium

silicate, magnesium silicate, and éalcium phosphate.
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Preferred is at least one of $i0;, Zn0O, TiO,, Sn0;, Al,0s, Zr0,,
In,03, MgO, BaO, MoO; and V,05; and more preferred are SiOz, TiO,,

. SnOz, A1203, .ZI'Oz .

As fine particles of Si0O;, herein usable are commercial
products of, for example, Aerosil R972, R972V, R974,‘R812, 200,
200v, 300, R202, OX50, TT600 (all by Nippon Aerosil)f As fine
particles of Zr0O,, usable are commercial products of, for
example, Aerosil R976 and R811 (both by Nippon Aerosil). In
addition, Seahostar KE-E10, E30, E40, E50, E70, E150, W10, W30,
w50, P10, P30, P50, P100, P150, P250 (all by Nippon Shokubai)
are also usable herein. Further Silica Microbeads=P—400, 700
(by Shokubai Kasei Kogyo) are also usable. S0-Gl, SO-G2, SO-G3,
S0-G4, SO-G5, SO—G6, SO—El,-SO—E2, SO—E3, SO-E4, SO-E5, SO-E6,
so-Cl, SO-C2, sO-C3, S0O-C4, SO-C5, SO-C6 (all by Admatechs) are
also usable. Further, Moritex's Silica Particles (produced by
powdering aqueous dispersion) 8050, 8070, 8100, 8150 are also
usable. _

As the fine pafticles of an orgaﬁic compound usable in
the inveﬂtion,-preferred are polymers such as silicone resin,
fluorine resin and acrylic resin; andmore preferred is silicone
resin.’ The silicone resin preferably has a three-dimensional
network structure. Commercial products are usable herein,
such as Tospearl 103, 105, 108, 120, 145, 3120 and 240 (all by
Toshiba Silicone). '

Preferably, the fine particles of an'inorganic compound
for use herein are subjected to surface treatment so that they
may stably exist in the cellulose acylate film. It is also
desirable that the inorganic fine particles are used herein
after subjected to surface treatment. The surface treatment
includes chemical surface treatment with a coupling agent, and
physical surface treatment such as plasma discharge treatment
or corona discharge treatment. In the invention, preferred is
thesurfacetreatmentwquacouplingagenti The coupling agent

is preferably an organoalkoxy-metal combound (e.g., silane
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- coupling agent, titanium coupling agent). For inorganic fine

particles (especially Si0O; particles) that may be used herein

.as fine particles, treatment with a silane coupling agent may

be especially'effective. Not specifically defined, the amount -
of the coupling agent may be preferably from 0.005 to 5% by mass,

more preferably from 0.01 to 3% by mass of the inorganic fine

particles. -

Plasticizer:

When a plasticizer is added to the cellulose acylate, then
the crystalline melting temperatﬁre (Tm) of the acylate may be
lowered. The plasticizer for use in the invehtion islnot
specifically defined in point of its molebular weight, but
preferably has a,high molecular weight. For example, its
molecular weight is preferably at least 500, more preferably
at least 550, even more preferably at least 600. Regarding its
type, the plasticizer wusable herein includes phosphates,
alkylphthalylalkyl glycolates, carboxylateé, fatty acid
esters of polyalcohols. Regarding its morphology, the
plasticiier may'be solid or oily. Accordingly, the piasticizer
is not specifically defined in point of its melting point or
boiling point. Inlnelt—casting filnlfoimation,eanon—volatile
plasticizer is especially preferred.

Even though a plasticizer having a high molecular weight
is\used, it may vaporize in a minor amount during film formation
for a long period of time, and may deposit on a casting roll,
and its deposit may be transferred onto the surface of the formed
film, therefore causing surface defects of the film.
Accordingly, use of noplasticizer ismost preferred. For this,
a cellulose acylate alone having a sufficiently low melt
viscosity may be used. Concretely, cellulose acylate alone
having a melt viscosity of at most 2000 Pa's, more preferably

at most 1500 Pa's at its melting temperature (230°C) may be used.
The cellulose acylate of the type may be obtained by controlling

the composition and the degree of polymerization of cellulose
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~acylate as in the above.

Lubricant: .

A lubricant may be added to the cellulose acylate in the
invention. The lubricant is preferably a fluorine-containing:
compound.  The fluorine-containing compound may be a
low-molecular compound or a polymer compound capable of
expressing -an effect of lubricant. The polymers described in
JP-A-2001-269564 may be used as the polymer lubricant. As the
fluorine-containing polymer lubricant, preferred are polymers
prbduced through polymerization of a fluoroalkyl
group-containing ethylenic unsaturated monomer as  an
indispensable.ingredient. The fluoroalkyi group-containing
ethylenic unsaturated monomer for the polymer may be any
compound having an ethylenic unsaturated group and a
fluoroalkyl group in the molecule, not specifically defined.
Fluorine-containing surfactauts are also usable herein, and -
nohionic surfactants are especially preferred._

Production of Cellulose Acylate Film:

A ﬁethoddfor producing a cellulose acylate film from a
cellulose acylate is described below. In the invention, the
film is preferably produced according.to a melt-casting film
formation method in which a mixture of cellulose acylate and
additive is melted and formed into a film. When a residual
solvent exists in the formed film, then its crystallization may
go on while the.film is dried with the fesult that the impact
strength of the film may be lowered. Accordingly, in the
invention, it is desirable that the residual solvent amount in
the formed film is at most 0.01% by weight, more preferably 0%.
In a melt-casting film formation method not using a solvent,
the residual solvent amount may be 0%.

Granulation:

In the above-mentioned method, cellulose acylate is

granulated. The granulation may be attained by mixing

cellulose acylate and additive and dissoiving the mixture in
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" a solvent, and then solidifying the solution by a drying method

or a precipitation method, and optionally grinding the solid.
Pelletization, 1if desired, may be attained as follows:
Cellulose acylate'and additive are mixed and dried in the manner -
as above, theh melted in a double-screw kneading extruder and
extruded out as strands, and they are cooled and solidified in
water and pelletized into pellets. The resulting pellets may
be ground into smaller grains.

Drying:

Prior‘to'thelnelt—casting film formation, it is desirable
that the grains_are dried so as to have a water éontent-of at
most 0.1% by mass, more preferably at mosf 0.01% by mass.

For this, the drying temperature is preferably from 40
to 180°C; and the drying air rate is preferébly'from 20 to 400
m>/hr, more preferably from lOQ to 250 m®*/hr. The dew point of
the drying air is preferably from 0 to -60°C, more preferably
frém -20 to -40°C.

Melt Extrusion:

Thé dried cellulose acylate resin (grainé such as
pellets) is fed into the cylinder of a kneading extruder via
the feed port thereof. TheéelluloseacylategrainsmaybeLmed
either alone or as mixed with any others. A single-screw
extruder is more preferred when resin pellets are processed;
but a double~screw extruder is more preferred when resin grains
prepared by a dissolution method are proceésed. When a resin
mixture 1is processed, any of single-screw or double-screw
extruder may be used.

'The screw compression ratio of the kneading extruder is
preferably from 2.5 to 4.5, more preferably from 3.0 to 4.0.
L (screw length)/D (screw diameter) is preferably from 20 to
70, more preferably from 24 to 50. The extrusion temperature
is preferably from 190 to 240°C. Preferably, the barrel of the
extruder in which the resin is melted is heated by a heater unit

divided into 3 to 20 sections.

30



10

15

20

25

30

WO 2007/072995 PCT/JP2006/326172

Preférably, the melting temperature is from 150°C to 250°C,

more preferably from.160°C to 240°C, even more preferably from

.170°C to 235°C. - In this case, it 1is desirable that the

temperature on the inlet side (hopper side) is made lower and
the temperature on the outlet side is made higher by from 10°C °
to 60°C. _

The screw may be a fullflight screw, a maddock screw, or
a dalmage screw.

For preventing résij1oxidation, it ismore desirable that
the inner atmosphere of the kneading extruder is an inert gas
(e.g., nitrogen), or an extruder with a vent is used and it is
degassed to be in vacuum.

Filtration: _
_ At the outlet port of the kneading extruder, the resin
is preferably filtered through a breaker plate filter.

Eor precision filtration, it i1s desirable that a
leaf—typediscfilterunitispmovidedafterthégearpump. The
filtration may be effected in one stage or in multiple stages.
Preferably, the filtration gauge is from 3 pm to 15 pm, more
preferably from 3 um to 10 pm. Preferably, the filter material
isstainlesssteelcn:ordinérysteel,mdrepreferablystainless
steel. Thefiltermaybe a knitted structure or ametal sintered
structure, but the.latter is preferred.

Gear Pump::

For the purpose of improving the thickness accuracy (by
reducing the resin jet fluctuation), a gear pump is preferably
disposed between the kneading extruder and the die.
Accordingly, the resin pressure fluctuation at the die may be
within * 1%.

For improving the constant feeding performance by the
gear pump, it is also desirable to change the screw revolution
so as to control the pressure before the gear pump to be constant.

A high-precision gear pump comprising 3 or more gears is also

‘effective. Since the residual matter in the gear pump may cause
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resin deterioration, the gear pump is preferably so designed
that the amount of the residual matter therein may be as small
as possible. .

The temperature change at the adaptor that-cqnnects the
kneading extruder and the gear pump, and the gear pump and the
die is preferably as small as possible for the purpose of
stabilizing = the extrusion pressure. For this, an
aluminium-buried heater is preferably used.

Die: _

So far as it is so designéd that little resin melt may
stay therein, any ordinary type of die, such as T-die, fishtail
die or hanger coat die may be used herein. Just before the T-die, |
a static mixer may be disposed with no problem for the purpose
of improving the uniformity of the resiﬁ temperature. In
general, the clearance at the T-die outlet port is preferably
from 1.0 to 5.0 times the film thickness, more preferably from
1.3 to 2 times. _ _

Preferably, the die clearance is controllable to a
distancelof from 40 to 50 mm, more preferably to a distance of
at most 25 mm. For reducing the film thickness fluctuation
durihg'filnlformation, it ié also effective to measure the film
thickness at the downstream site of the system and to feed back
the found data for the die thickness control.

' For pfoviding functional layers as the outer layers, a
multi-layer film formation apparatus may be used for producing
a film having a two or more multi-layered structure.

The residence time taken by the resin that has entered
the kneading extruder through its feeding port and goes out of
it through its diemaybe from2Z2 minutes to 60 minutes, preferably
from 4 minutes to 30 minutes.

Casting:

The resin melt extruded out as a sheet through the die

is cooled and solidifiedon acastingdrumto forma filmthereon.

Inthisstage,preferablyemployedisen1eléctrostaticcharging
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method, an air knife method, an air chamber method, a  vacuum

nozzle method or a touch roll method for enhancing the éirtight

.contact between the film and the drum. Also preferred is an

edge pinning method (in which only both edges of the film are
kept in airtight contact with the drum). Above all,.especially
preferred is a touch roll method.

Preferably, from 1 to 8 casting drums, more preferably
from 2 to 5 casting drums are used for gradually cooling the
film. Preferably, the roll diameter is from 50 mm to 5000 mm,
more preferably from 150 mm to 1000 mm. The distance between
these plural rolls is preferably from 0.3 mm to 3OO mm ‘as the
surface-to-surface distance therebetween, more preferably
from 3 mm to 30 mm.' The témperature of the casting drum is
preferablyfrom60%3to160°C,morepreferablyfrom80°Cto]AO°C.

Next, the film is peeied from the casting drum, then led
through nip rolls and thereafter wound up. Thus obtained, the
thickness of the unstretched film is preferably from 30 pm to
300pm,morepreferablyfrom40}unt0200um,evenmorepreferably

from 50 pum to- 150 pm.
Winding:

Preferably, the film is trimmed at both edges thereof
before wound up. The trimmed scraps may be recycled for the
starting material for film. As the trimming cutter, usable is
aﬂy of rotary cutter, shear blade, or knife. 1Its material may
be any of carbon steel, stainless steei, or ceramics.

Preferably, the tension in winding up the film is from
1 kg/m-width to 50 kg/m-width, more preferably from 3 kg/m-width
to 20 kg/m-width. Regarding the winding tension, the film may
be wound up at a constant tension, but is preferably wound up
as tapered according to the winding roll diameter.

It is necessary to control the draw ratio of the film
between nip rolls so that the film does not receive any over
tension than a defined level in the winding line.

Before wound up, the film may be laminated with any other
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" film on at least one surface thereof.

Preferably, the width of the wound film is from 1 m to

31n,morepreferablyfroml.2rnt02.§In. Preferably, the length

of the wound film is from 1000 m to 8000 m, more preferably from-.
1500 m to 7QOO m, even more preferably from.2000 m to 6000 m.
Fig. 1 is a schematic view showing the outline of an
apparatus for melt-casting film formation ©preferably
employable in the invention. In the drawing, 101 is a kneading
extruder, 102 is a gear pump, 103 is a filter, 104 is a die,
105 is a touch roll, 106 is a Casting chill drum, 107 is a
cellulose acylate, 108 is a machine-direction strétching zbne,
109 is a cross-direction stretching zone, ilO is a winding up
zone. . The stretching is described hereinunder. For
unstretched film formation, the filmbeing formed is, after left
from the casting chill drums 106, directly wound up not being
led through the stretching zéne 108, 109. ,
Physical Properties of Unstretched Cellulose'Acylate Film:
Thus obtained, the unstretched cellulose acylate film
preferabiy has Re =0 to 20 nmand Rth =0 to 80 nm, more ?referably
Re = 0 to 10 nm and Rth = 0 to 60 nm. Re and Rth indicate the
in-plane retardation and the thickness~direction retardation,
respectively, of the film. Re may be determined by applying
light to the film in the normal direction of the film, using
KdBRAZlADH(bycﬁj_ScientificInstruments). Rth is determined
as follows: Based on the retardation data determined in three
different directions, or that is, Re as above, and retardation
values measured by applying light to the film in the direction
tilted by +40° or -40° relative to the normal direction of the
filmwith the slowaxis as the tilt axis (rotation axis) thereof,
Rth is computed. Preferably, the angle 6 Dbetween the
film-traveling direction (machine direction) and the slow axis
of Re of the film is nearer to 0° or +90° or -90°.
Preferably, the whole 1light transmittance of the

unstretched cellulose acylate film is fram 90% to 100%. The
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" haze of the film is generally from 0 to 1%, breferably from O

to 0.6%.

Preferably, the thickness unevenness of the film is from
O%1333%bothjJ1thémachinedirectionaﬁdjj1thecroSsdirection,-
more preferably from 0% to 2%.

Preferably, the tensile modulus of the'film is from 1.5
kN /mm? to 3.5 kN/mm?, more preferably from 1.8 kN/mm? to 2.6
kKN/mm?. The elongation at break of the film is preferably from

% to 300%.

Tg of the film is preferably from 95°C to 145°C. The
thermal dimensional change of the film at 80°C.for 1 day is
preferably from 0% to * 1%, more preferably from 0% to * 0.3%
both in thelnaching direction and in the cross diréction of the
film. |

-The moisture permeability of the film at 40°C and 90% RH
is preferably from 300 g/m*-day to 1000 g/m*day, more preferably -
from 500 g/m?day to 800 g/m?day. The equivaleﬁt water content
of the film at 25°C and 80% RH is preferably from 1% by mass
to 4% by rﬁass, more preferably from1.5% by mass to 2..5% by mass.
Stretching, and Physical Properties of Stretched Cellulose
Acyiate Film: | |
Stretching:

The unstretcﬁed film may be stretched to control Re and
Rth of the film.

The stretching temperature is preferably from Tg to (Tg
+ 50°C), more preferably from (Tg + 5°C) to (Tg + 20°C).
Preferably, the draw ratio in stretching is from 1% to 300%,
more preferably from 3% to 200% in at least one direction. More
preferably, the draw ratio in one direction is made larger than
that in the other direction; and the smaller draw ratio in one
direction is preferably from 1% to 30%, more preferably from
3% to 20%, and the larger draw ratio in the other direction is
preferably from 30% to 300%, more preferably from 40% to 150%.

The stretchingmay be attained in one stage or inmultiple stages.
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The draw ratio as referred to herein may be obtained according
to the following formula:

DrawRatio(%)==100x{(lengthafterstretching)—(length
before stretching) }/(length before stretching).

The stretching may be effected by the use of a nip roll
or a tenter. A simultaneous biaxial stretching method as in
JP-A-2000-37772, JP-A-2001-113591 and JP-A-2002-103445 may
also be employed herein.

Re and Rth of the stretched cellulose acylate film
preferably satisfy the following formulae:

Rth > Re, | S

200 2 Re 2 0,

500 2 Rth 2 30.

More preferably, Re and Rth of the stretched cellulose
acylate film satisfy the following formulae:

Rth =2 Re x 1.2, |

100 2 Re 2 20,

350 > Rth 2 80. |

In machined-direction stretching, the angle 6 formed by
the-film—traveling direction (machine direction) and the slow
axis of Re of the film is preferably 0 * 3°, more preferably
0+ 1°. In cross-direction stretching, the angle is preferably
90 * 3° or -90 * 3°, more preferably 90 * 1° or -90 * 1°.

‘ The thickness of the stretched cellulose acylate film is
preferably from 15 um to 200 pum, more préférably from 40 pum to
140 pm. The thickness unevenness of the film is preferably from
0% to 3%, more preferably from 0% to 1% both in the machine
direction and in the cross direction thereof
Physical Properties:

The physical properties of the stretched cellulose
acylate film preferably falls within the ranges mentioned
below. _ '

The tensile modulus of the film is preferably from 1.5
kKN/mm? to 3.0 kN/mm?, more preferably from 1.8 kN/mm? to 2.6
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kN /mm?.

The elongation at break of the film is preferably from

% to 100%, more preferably from 8 to 50%.

Tg of the fllm is preferably from 95°C to 145 C, more
preferably from 105°C to 135°C. '

After left -at 80°C for 1 day, the thermal dimensional
change of the film is preferably from 0% to * 1%, more preferably
from 0% to £ 0.3% both in the machine direction and in the cross
direction thereof.

The moisture permeability at 40°C and 90% RH of the film
is preferably from 300 g/mz-day to 1000 g/mz-.day, more pref-erlably
from 500 g/m*day to 800 g/m’day. | |

The equivalent water content of the film at 25°C and 80%
RH is preferably from 1% by mass to 4% by mass, more preferébly
from 1.5% by mass to 2.5% by mass.

The haze of the film ié'preferably from 0% to 3%, more
preferably from 0% to 1%. The whole light transmittance of the
film is preferably from 90% to 100%.

Treatment of Cellulose Acylate Film:

The cellulose acylate film of the invention may be treated
in various methods, and some preferred embodiments of its
treatment are described below.

Surface Treatment:

‘ The cellulose acylate film may be optionally subjected
to surface treatment to thereby improve the adhesiveness
between the cellulose acylate film and vafious functional
layers (e.g., undercoat layer, back layer) adjacent thereto.
The surface treatment is, for example, glow discharge treatment,
UV irradiation treatment, corona treatment, flame treatment,
or acid or alkali treatment. The glow discharge treatment as
referred to herein is preferably low-temperature plasma
treatment to be effected under a low gas pressure of from 1073
to 20 Torr, or plasma treatment under atmospheric pressure. The

plasma-exciting vapor to be used in the piasma treatment is a
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" vapor that is excited by plasma under the condition as above.

Theplasma—excitingvaporincludes,forexample,argon,helium,
neon, kryptoh, xenon, nitrogen, carbon dioxideh flons such as
tetrafluoromethaﬁe, and their mix£ures. Their details are.
described in Hatsumei Kyokai Disclosure Bulletin (No. 2001-1745, -
published.by the Hatsumei Kyokai on March 15, 2001), pp. 30-32.
For the plasma treatment under atmospheric pressure that has
become 'specifically noted recently, preferably used is
irradiation energy of from 20 to 500 KGy under 10 to 1000 Kev,
more preferably from 20 to 300 KGy under 30 to 500 Kev. Of the
above—mentioned treatments, more preferred  is alkali
saponification;and1ﬂﬁjsisextremelyeffectivefor“thesurface
treatment of cellulose écylate,films.'

_ For the alkéli saponification, the film to be procesééd
may be dipped in a saponification solution or may be coated with
it. 1In the dipping'method, thé film may be led to pass through
a tank of an aqueous NaOH or KOH solution havihg a pH of from
10 to 14 at 20 to 80°C, taking 0.1 minutes to 10 mihutes, and
then neufralizéd, washed with water and dried. .

~ When the alkali saponification is attained according to
a coating method, employable for it are a dip-coating method,
a curtain-coating method, an extrusion—cbating method, a
bar-coating method and an E-type coating method. The solvent
for the alkali saponification coating solution is preferably
so selected that the saponification solution comprising it may
well wet a transparent support to which the solution is applied,
and that the solvent does not roughen the surface of the
transparent support and may keep the support having a good
surface condition. Concretely, alcohol solvents are preferred,
and isopropyl alcohol is more preferred. An agueous solution
of surfactant may also be used as the solvent. The alkali to
be in the alkali saponification coating solution is preferably
an alkali soluble in the above-mentioned solvent. More

preferably, it is KOH or NaOH. The pH of the saponification

38



10

15

20

25

30

WO 2007/072995 PCT/JP2006/326172

coating solution is preferably at least 10, more preferably at

least 12. Regarding the reaction 'condition in alkali

saponification, the reaction time %s preferably from 1 second

to 5 minutes at room temperature, more preferably from 5 seconds
to 5 minutes_, even more preferably from 20 seconds to 3 minutes.
After the alkali saponification treatment, it is desirable that
the saponification solution-coated surface of the film is
washed Qith water or with an acid and then further washed with
water. If desired, the coating saponification treatment may
be effected continuously with the alignment film removal
treatment that will be mentioned hereinunder. In”that manher,
the number of fhe processing steps in prodﬁcing the film may
be decreased. Concretely, for example, the saponification
method is descriﬂed in JP-A-2002-82226 and W002/46809.
Preferably, the film of the invention is provided with
an undercoat layer for improving the adhesiveness thereof to
théfunctionallayerstx;beformedthereon. Theﬁndercoatlayer
may be formed on the film after the above-mentioned surface
treatment, or may be directly formed thereon with.no surface
treatment. The details of the undercoat layer.are described
in Hatsumei Kyokai Disclosure Bulletin (No. 2001-1745,
published on March 15,.2001 by the Hatsumei Kyokai), p. 32.
The step of. surface treatment and undercoat layer
formation may be carried out singly or as combined with the last
step in the process of film formation. 'Furthef, the step may
alsobe carried out along with the step of forming the functional
groups to be mentioned hereinunder.
Application of Cellulose Acylate Film of the Invention:
Preferably, the cellulose acylate film of the invention
is combined with functional layers described in detail in
Hatsumei Kyokai Disclosure Bulletin (No. 2001-1745, published
on March 15, 2001 by the Hatsumei Kyokai), pp. 32-45. Above
all, it is desirable that the film is provided with a polarizing

layer (for polarizer), an optically—compénsatory layer (for
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"optical compensatory sheet) and an antireflection layer (for

antireflection film). These are -described in' order
hereinunder. _
(1) Formation<xfPblarizingiLayer (dbnstruction;xEPolarizer):
Materials: | ‘

' At éresent, one general method of producing
commercially-available polarizing films comprises dipping a
stretchéd polymer in a solution containing iodine or dichroic
dye .in a bath to thereby infiltrate iodine or dichroic dye intQ
the binder. As the polarizing film, a coated polarizing film
such as typically that by Optiva Inc. may be utilized. Iodine
anddichroicdyejjlthepolarizingfilmarealignadinthebinder
and express the polarization property. The dichroic dye
includes  azo d&es, stilbene dyes, pyrazolone dyés,
triphenylmethane dyes, quinoline dyes, oxazine dyes, thiazine
dyes and énthraquinone dyes. .Preferably, the dichroic dye is
soluble in water. Also preferably, the dichroic dye has a
hydrophilic substituent (e.g., sulfo, amino, hydroxyl). For
example, the compounds described in Hatsumei Kyokai Disclosure
Bulletin (No. 2001-1745, pubiished on March 15, 2001 by the
Hatsumei Kyokai), p. 58 may be used as the dichroic dye herein.

For the Binder for the polarizing film, usable are a
polymer that is crosslinkable by itself, and a polymer that is
crosslinkable with a crosslinking agent. These polymers may
be combined for use herein. The binder includes, for example,
methacrylate copolymers, styrene copolymeré, polyolefins,
polyvinyl alcohols, modified polyvinyl alcohols,
poly(N-methylolacrylamides), polyesters, polyimides, vinyl
acetate copolymers, carboxymethyl cellulose and
polycarbonates, as in JP-A-8-338913, [0022]. In addition, a
silane coupling agent may also be used as the polymer. Above
all, water-soluble polymers (e.g., poly(N-methylolacrylamide),
carboxymethyl cellulose, gelatin, polyvinyl alcohol,-modified

polyvinyl alcohol) are preferred; gelatid; polyvinyl alcohol
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and modified polyvinyl alcohol are more preferred; and

polyvinyl alcohol and modified polyvinyl alcohol are most

preferred. Especially preferably, two different types of

polyvinyl alcohols or modified polyvinyl alcohols having a
different deg'ree of polymerization are combined for ﬁse herein.
Preferably, the degree of saponification of polyvinyl alcohol
for use herein is from 70 to 100%, more preferably from 80 to
100%. Also preferably, the degree of polymerization of
polyvinyl alcohol is from 100 to 5000. Modified polyvinyl
alcohols are described in JP-A-8-338913, JP-A-9-152509 and
JP~A-9-316127. Two or more different types-bﬂ pdlyvinyl
alcohols and modified polyvinyl alcohols may be combined for
use herein. . _ _

_ Preferably, the lowermost limit of the thickness of the
binder is 10 um. Regarding the uppermost limit of the thickhess
thereof,.it is preferably thinner from the viewpoint of the
light leakage resistance of liquid-crystal display devices
comprising it. Concretely, for example; it is desirable that
the thickhess of the polarizing film is not larger than the same
level as that of currently commercially-available polarizers
(about 30 pm), more preferébly it is at most 25 um, even more

preferably at most 20 pm.
The binder of the polarizing film may be crosslinked. A

poiymer or a monomer having a crosslinking functional group may
be incorporated. into the binder, or the binder polymer may be
so designed that it has a crosslinking functional group by
itself. The crosslinking may be attained through exposure to
light or heat or through pH change, and it gives a binder having
a crosslinked structure therein. The crosslinking agent is
described in US Reissue Patent No. 23,297. A boron compound
(e.g., boric acid, borax) may also be used as a crosslinking
agent. The amount of the crosslinking agent to be added to the
binder is preferably from 0.1 to 20% by mass of the binder.

Within the range, the alignment of the pdiarizer element and
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the wet heat resistance of the polarizing £ilm are both good.

After the crosslinking reaction, it is desirable that the

amount of the unreacted crosslinking agent still remaining in

the polarizing film is at most 1.0% by mass, more preferably
at most 0.5% by mass. Within the range, the polarizing film '
may have good weather resistance.

Stretching:

Pieferably, the polarizing film is stretched (according
to a stretching process) or rubbed (according to a rubbing
process), and then dyed with iodine or dichroic dye.

In the stretching process, the draw .ratio is\preferébly
from 2.5 to 30.0.times, more preferably froml3.0 to 10.0 times.
The stretching may be attained in dry in air. Contrary to this,
the stretching may also be attained in wet while the film is
dipped in water. Preferably, the draw ratio in dry stretching
is from 2;5 to 5.0 times, and fhe draw ratio in wet stretChing
is from 3.0 to 10.0 times. The stretching may bé effected once,
or a few times. When the stretching is effected a few times,
then thelfilm may be more uniformly stretched even at a high
draw ratio. ' The film may be stretched accofding to the
following method. |

Before stretched; PVA film is swollen. The degree of
swelling of the film is from 1.2 to 2.0 times (in terms of the
ratio by mass of the swollen film to the unswollen film). Next,
the film is continuously conveyed via guide rolls, and led into
a bath of an agqueous medium or into a dyeing bath of a dichroic
substance solution. In the bath, in general, the film is
stretched at a bath temperature of from 15 to 50°C, preferably
from 17 to 40°C. The stretching may be effected by holding the
film with two pairs of nip rolls, and the conveying speed of
the latter-stage nip rolls is kept higher than that of the
former-stage nip rolls. Inviewof the above-mentioned effects
and advantages, the draw ratio in stretching (ratio of the

length of stretched film/length of initial film - the same shall
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apply hereinunder) is preferably from 1.2 to 3.5 times, more

preferably from 1.5 to 3.0 times. Next, the stretched film is

dried at 50 to 90°C to be a polarizing film.

Lamination:

The saponified cellulose acylate film is laminated with
a polarizing film prepared by stretching to thereby construct
a polarizer. The direction in which the two are laminated is
preferably so controlled that the casting axis direction of the
cellulose acylate film crosses the stretching axis direction
of the polarizer at an angle of 45 degrees. |

Notspecificallydefined,theadhesiveforthelamination
may be an aqueous solﬁtion of a PVA resin (including modified
PVAwithanycﬂfacepoacetylgroup,sulfoﬁicacidgroup,caerxyl
group and oxyalkylene group) or a boron compound. Above all,
preferred are PVA resins. The thickness of the adhesive layer
is preferably from 0.01 to 10 pm, more preferably from 0.05 to
5 um, after dried.

The‘light transmittance of the thﬁs—obtained.polarizer
is prefefably higher, and the degree of polarization thereof
is also preferably higher. Concretely, the transmittance of
the polarizer preferably falls between 30 and 50% for the light
having'a.wavelength of 550 nm, more preferably between 35 and
50%, most preferably between 40 and 50%. The degree of
poiarization of the polarizer preferably falls between 90 and
100% for the light having a wavelength of 550 nm, more preferably
between 95 and 100%, most preferably between 899 and 100%.

Further, the thus-constructed polarizer may be laminated
with a A/4 plate to forma circularly-polarizing plate. 1In this
case, the two are so laminated that the slow axis of the A/4
plate meets the absorption axis of the polarizer at an angle
of 45 degrees. In this, the A/4 plate is not specifically
defined but preferably has a wavelength dependency of such that
its retardation is smaller at a lowér wavelength. Further, it

is'also desirable to use a A/4 plate that cdinprises a polarizing
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film of which the absorption axis is inclined by 20 .to 70°

relative to the machine direction and an'optically-anisotropic

layer of a liquid-crystalline compound.

(2) Formation of Optical Compensatory Layer (Construction of
Optical Compensatory Sheet): '

. An optically-anisotropic layer is for compensating the
liguid-crystalline compound in a liquid-crystal cell at the
timeofkdacklevelofdisplayinliquid—crystaldisplaydevices,
and an optical compensatory sheet may be constructed by forming
an alignment film on a cellulose acylate film followed by
further forming thereon an optically—anisotropicklayer.
Alignment Film: . |

An alignment film is provided on the cellulose acylate
film that has beeﬁ processed for surface treatment as above.
The film has the function of defining the alignment direction
of liquid-crystal molecules. .However, if aliquid-crystalline
compound can be aligned and then its alignment sfate can be fixed
as such, then the alignment film is not indispeﬁsable as a
constitufiveelément,andmaybethereforeomittajaénotalways
needed. In this case, only the optically-anisotropic layer on
the alignment film of which the alignment state has been fixed
may be transferred onto a polarizing element to construct the
polarizer of the iﬁvention.

‘ The alignment film may be formed, for example, through
rubbing treatmeht of an organic compound (preferablyrpolymer),
oblique vapor deposition of an inorganic compound, formation
of a microgrooved layer, or accumulation of an organic compound
(e.g., o—-tricosanoic acid, dioctadecylmethylammonium chloride,
methyl stearate) according to a Langmuir-Blodgett's method (LB
film). Further, there are known other alignment films that may
have an alignment function through impartation of an electric
field or magnetic field thereto or through light irradiation
thereto.

The alignment film is preferably formed through rubbing
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" treatment of a polymer. In principle, the pblymer to be used

for the alignment film has a molecular structure that has the
function of aligning liquid—crystglline molecules.

Preferably; the polymer for use in the invention has a-
crosslinking functional group (e.g., double bond)-having side
branches bonded to the backbone chain thereof or has a
crosslinking functional group having the function of aligning
liquid-crystalline molecules introduced into the side branches
thereof, in addition to having the function of aligning
liquid-crystalline molecules.

The polymer to be used for the alignment film may be a
polymer that is crosslinkable by itself or-a polymer that is
crosslinkable with a crosslinking agent, or may also be a
combination of fhe two. Examples of the polymer are
methacrylate copolymers, styrene copolymers, polyolefins,
polyvinyl. alcohols and hodified polyvinyl alcohols,
poiy(N—methylolacrylamides), polyesters, polYimides, vinyl
acetate = copolymers, carboxymethyl cellulose and
polycarbdnates, as in JP-A-8-338913, [0022]. .A silane
coupling agent is also usable as the polymer. Preferably, the
polymer is a water-soluble polymer (e.qg.,
poly(N—methylolacrylamide), carboxymethyl cellulose, gelatin,
polyvinyl alcohol, modified polyvinyl alcohol), more
préferably gelatin, polyvinyl alcohol and modified polyvinyl
alcohol, most .preferably polyvinyl alcbhql and modified
polyvinyl alcohol. Especiallypreferably, twodifferent types
of polyvinyl alcohols or modified polyvinyl alcohols having a
different degree of polymerization are combined for use as the
polymer. Preferably, the degree of saponification of
polyvinyl alcohol for use herein is from 70 to 100%, more
preferably from 80 to 100%. Also preferably, the degree of
polymerization of polyvinyl alcohol is from 100 to 5000.

The side branches having the function of aligning

liquid-crystalline molecules generally'havé a hydrophobic
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 group as the functional group. Concretely,' the type of the

functional group may be determined depending on the type of the

liguid-crystalline molecules to be aligned and on the necessary

alignment state of the molecules. For example, the modifying:
group of modified polyvinyl alcohol may be introduced into the
polymer through copolymerization modification, chain transfer
modification or block polymerization modification. Examples

of themodifying group are a hydrophilic group (e.g., carboxylic
acid group, sulfonic acid group, phosphonic acid group, amino

group, ammonium group, amide group, thiol group), a hydrocarbon
group having from 10 to 100 carbon atoms, T a fluoi’ine

atom-substituted hydrocarbon group, a thioether group, a

polyme.rizing group (e.g., unsaturated polymerizing group,

epoxy group, aziridinyl group), and an alkoxysilyl group (e.g.,

trialkoxy group, dialkoxy group, moncalkoxy group). Specific
examples of such modified pélyvinyl alcohol compounds are

described; for example, in JP-A-2000-15521¢, [0022] to [0145],

and in JP-A-2002-62426, | [0018] to [0022].

Whén cro_sSlinking functional group-having sidé branches
are bonded to the backbone chain of an alignment.film polymer,
or when a crosslinking functional group is introduced into the
side chains of a polymer having the function of aligning
liquid-crystalline inolecules, then the polymer of the alignment
film may be copolymerized with the polyfunctional monomer in
an optically-anisotropic layer. As a result, not only between
the polyfunctional monomers but also between the alignment film
polymers, and even between the polyfunctional monomer and the
alignment film polymer, they may be firmly bonded to each other
in a mode of covalent bonding to each other. Accordingly,
introducing such a crosslinking functional group into an
alignment film polymer significantly improves the mechanical
strength of the resulting optical compensatory sheet.

Preferably, the crosslinking functional group of the

alignment film polymer contains a polymeri"zing group, like the

46



10

15

20

25

30

WO 2007/072995 PCT/JP2006/326172

- polyfunctional monomer. Concretely, for example, those

described in JP-A-2000-155216, [0080] to [0100] are referred
to herein. Apart from the aboye—mentioned crosslinking
functional group; the alignment film polymer may also be:
crosslinked with a crosslinking agent.

. The crosslinking agent includes, for example, aldehydes,
N-methylol compounds, dioxane derivatives, compounds capable
ofbeingactivethroughactivatrm1ofthecarboxylgroupthereof,
active vinyl compounds, active halide compdund, isoxazoles and
dialdehyde starches. Two or more different types of
crosslinking agents may be combined for use,herein'. .Concretely,
forexample,thécompoundsdescribedjjlJP—A¥2002—62426,[0023]
to [0024] are emp;oyéble herein. Preferred are aldehydes of
high reactivity, and more preferred is glutaraldehyde. '

Preferably, the amount of the crosslinking agent to be
added to ﬁolymer is from 0.1 td 20% by mass of the polymer, more
preferably from 0.5 to 15% bymass. Alsopreferably, the amount
of the unreacted crosslinking agent that may remain in the
alignmenf film is at most 1.0% by mass, more preferably'at most
0.5% bymass. When the crosslinking agent in the alignment £ilm
is controlled to that effect, then the film ensures good
durability with no reficulation even thoﬁgh it is used in
liquid-crystal display devices for a long period of time and
even though it is left in a high-temperature high-humidity
atmosphere for .a long period of time.

Basically, the alignment film may be férmed by applying
the alignment film-forming material of the above-mentioned
polymer to a crosslinking agent-containing transparent support,
then heating and drying it (for crosslinking it) and ‘then
rubbing the thus-formed film. The crosslinking reaction may
be effected in any stage after the film-forming material has
been applied onto the transparent support, as so mentioned
hereinabove. When a water-soluble polymer such as polyvinyl

alcohol is used as the alignment film—fofming material, then
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it is desirable that the solvent for the coating solution is

a mixed solvent of a defoaming organic solvent (e.g., methanol)

;andwater. Theratiobymassof water/methanol preferably falls

between 0/100 and 99/1, more preferably between 0/100 and 91/9.
The mixed solvent of the type is effective for preﬁenting the -
formation of bubbles in the coating solution and, as a result,
the surface defects of the alignment film and even the
optically-anisotropic layer are greatly reduced.

For forming the alignment film, ﬁreferably employed is
a spin-coating method, a dip—coating method, a curtain-coating
method, an extrusion-coating method, a rod-coating method or
a roll—coating.method. Especially preferréd is a rod-coating
method. Also preferably, the thickness of the filmis from 0.1
to 10 um, after dried. The drying under heat may be effected
at 20 to 110°C. .For sufficient crosslinking, the heating
temperaturejj;preferablyfron1&3to1OO°C,morepreferablyfrom

80 to 100°C. The drying time may be from 1 minute to 36 hours,
but preferably from 1 to 30 minutes. The pH of the coating

solutionvis preferably so defined that it is the best for the
crosslinking agent used. For example, when glutaraldehyde is
used, the pH of the coating'soiution ié preferably from 4.5 to
5.5, more preferably 5.

The alignment film is provided on the transparent support
or on the ﬁndercoat layer. The alignment film may be formed
by crosslinking the polymer layer as above, and then rubbing
the surface of the layer.

For the rubbing treatment, usable is any method widely
employed for liquid crystal alignment treatment for LCD.
Concretely, for example, the surface of the alignment film is
rubbed in a predetermined direction by the use of paper, gauze,
felt, rubber, nylon, or polyester fibers, whereby the film may
be aligned in the intended direction. In general, a cloth
uniformly planted with fibers having the same length and the

same thickness is used, and the surface of the film is rubbed
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"a few times with the cloth.

On an industrial scale, the operation may be attained by
contacting a rolling rubbing roll to a polarizing layer-having
film that 1is tfaveling in the system. Preferably, the:
circularity,' the cylindricity, and . the deflection
(eccentricity) of the rubbing roll are all at most 30 pm each.
Also preferably, the lapping angle of the film around the
rubbing rollis from 0.1 to 90°. However, the filmmay be lapped
at an angle of 360° or more for stable rubbing treatment, as
in JP-A-8-160430. Preferably, the filmtraveling speed is from
1 to 100 m/min. The rubbing angle may fall between 0 and.60°,
and it is desiréble that a suitable rubbing.angle is selected
within the range. When the film is used in liquid-crystal
display devices, the rubbing angle is preferably from 40 to 50°,
more preferably 45°.

The thickness of the aiignment film thus obtained is
préferably from 0.1 to 10 pm.

Next, the 1liquid-crystalline molecules of the
optically—anisdtropic layer are aligned on the aligﬁment film.
Afterward, if desired, the polyfunctional monomers in the
alignment film polymer and the optically—anisotropic layer are
reacted, or the alignment film polymer is crosslinked with a
crosslinking agent.

‘ The iiquid—crystalline ‘molecules for use in the
optically-anisotropic layer include rod-shaped
liquid-crystalline molecules and discotic liquid-crystalline
molecules. The rod-shaped liquid-crystalline molecules and
the discotic liquid-crystalline molecules may be
high-molecular 1liquid <crystals or low-molecular liquid
crystals. Inaddition, they include crosslinked low-molecular
liquid crystals that do not exhibit liquid crystallinity.
Rod-Shaped Liquid-~Crystalline Molecules:

The rod-shaped 1liquid-crystalline molecules are

preferably azomethines, azoxy compounds, cyanobiphenyls,
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- cyanophenyl esters, benzoates, phenyl cyclohexanecarboxylates,

cyanophenylcyclohexanes, cyano-substituted phenylpyrimidines,

alkoxy-substituted phenylpyrimidines, phenyldioxanes, tolans

and alkenylcyclohexylbenzonitriles.

The rod-shaped liquid-crystalline molecules include
metal ~complexes. Liquid-crystal polymers that contain
rod—shaped liquid-crystalline molecules in the repetitive
units thereof are also wusable herein as the rod-shaped
liquid-crystalline molecules. 1In other words, the rod-shaped
liquid-crystalline molecules for use herein may bond to a
(liquid—crystal) polymer. _ |

Rod-shaped liquid-crystallinemolecules are described in
QuarterlbiurnalFfoeneralChemistry,Vol.22,LiquidCrystal
Chemistry (1994), Chaps. 4, 7 and 11, edited by the Chemical
Society of Japan; Liquid Crystal Devices Handbook, edited by
the 142nd.Committee of the Nippon Academic Promotion, Chap. 3.

' The birefringence of the rod-shaped liquid-crystalline
molecule preferably falls between 0.001 and 0.7. !

Préferably,the.rod—shapedliquid—crystallinenmlecules
have a polymerizing group for fixing their alignment state. The
polymerizing group is preferably a radical-polymerizing
unsaturated group or a cationic polymerizing group.
Concretely, for example, there are mentioned the polymerizing
gréupsandthepmlymerizingliquid—crystalcompoundsdescribed
in JP-A-2002-62427, [0064] to [0086].

Discotic Liquid-Crystalline Molecules:

The discotic liquid-crystalline molecules include, for
example, benzene derivatives as in C. Destrade et al's study
report, Mol. Cryst., Vol. 71, p. 111 (1981); truxene derivatives
as in C. Destrade et al's study report, Mol. Cryst., Vol. 122,
p. 141 (1985), Physics Lett. A., Vol. 78, p. 82 (1990);
cyclohexane derivatives as in B. Kohne et al's study report,
Angew. Chem., Vol. 96, p. 70 (1984); and azacrown-type or

phenylacetylene-type macrocycles as in J. M. Lehn.et al's study
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report, J. Chem. Commun., p. 1794 (1985), J. Zhang et al's study
report, J. Am. Chem.. Soc., Vol. 116, p. 2655 (1994).

The discotic liquid-crystalline molecules include
liquid-crystalline compounds in which the molecular center
nucleus is radially substituted with side branches of a linear
alkyl, alkoxy or substituted benzoyloxy group. Preferably,
the molecules or the molecular aggregates of the compounds are
rotary-symmetrical and may undergo certain alignment. It is
not always necessary that, in the optically-anisotropic layer
formed of such discotic liquid?crystalline molecules, the
compounds that are finally in the opticallyfanisotropic layer
are discotic liquid-crystalline molecules. For example,
low-molecular discotic liquid-crystalline molecules may have
a group capable of being reactive when exposed to heat or light,
and as. a result, they may polymerize or crosslink through
thermal.dr optical reaction to give high-molecular compounds
with no liquid crystallinity. Preferred examples of the
discotic liquid—cryétalline molecules are described in
JP—A—8—50206. lPolymerization of discotic liquid-crystalline
molecules is described in JP-A-8-27284.

For fixing the discotic ligquid-crystalline molecules
through.polymerizatioﬁ, the discotic core of the discotic
liquid-crystalline molecules must be substituted with a
poiymerizing group. Preferably, the polymerizing group bonds
to the discotic core via a linking group; Accordingly, the
compounds of the type may keep their alignment state even after
their polymerization. For example, there are mentioned the
compounds described in JP-A-2000-155216, [0151] to [0le8].

In hybrid alignment, the angle between the major axis
(disc plane) of the discotic liquid-crystalline molecules and
the plane of the polarizing film increases or decreases with
the increase in the distance from the plane of the polarizing
film in the depth direction of the optically-anisotropic layer.

Preferably, the angle decreases with the increase in the
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" distance. The angle change may be in any mode of continuous

increase, continuous decrease, intermittent increase,:
intermittent decrease, change including continuous increase
and continuous decrease, or intermittent change including-
increase and decrease. The intermittent change includes a
region in which the tilt angle does not change in the midway
of the thickness direction. The anglemay include a regionwith
no angle change so far as 1t increases or decreases as a whole.
Preferably, the angle continuously varies.

The mean direction of thé'major axis of the discotic
liquid-crystalline molecules on the polarizing film Side‘may
be controlled generally by suitably selectihg the material of
the discotic liqgid—crystélline molecules or that of the
alignment film or by suitably selecting the rubbing treatment
method. The direction of the major axis of the discotic
liquid-crystalline molecules (disc plane) on the surface side
(on the external air side) may be controlled generally by
suitably selecting  the material of the discotic
liquid—cfystallineInolecules'or that of the additivefx:be used
alohg with ~the discotic liquid-crystalline molecules.
Exampl'es of the additive that may be used. along with the discotic
liquid—crystaliine molecules include, for example,
plasticizer, surfactant, polymerizing monomer and polymer.
Like in the above, the degree of the change of the major axis
in the alignment direction may also be controlled by suitably
selecting the liquid-crystalline molecules and the additive.
Other Composition of Optically-Anisotropic Layer:

Along with the above-mentioned 1liquid-crystalline
molecules, a plasticizer, a surfactant, a polymerizing monomer
and others may be added to the optically-anisotropic layer for
improving the uniformity of the coating film, the strength of
the film and the alignment of the liquid-crystalline molecules
in the film. Preferably, the additives have good compatibility

withtheliquid—crystallinemoleculesthatbonstitutethelayer
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" and may have some influence on the tilt angle change of the

liquid-crystalline molecules, not interfering with the

alignment of the molecules.

The polymerizing monomer inciudes radicai—polymerizing.
or cationic—polymerizing compounds. . Preferred are
polyfunctional radical-polymerizing monomers. Alsopreferred
are those copolyme;izable with the above-mentioned,
polymerizing group-containing liquid-crystal compounds. For
example, herein mentioned are the compounds described in
JP-A-2002-296423, [0018] to [0020]. The amount of the compound
to be added to the layer may be generally from 1 to 50% by ﬁass
of the discotic.liquid—crystalline molecules in the layer, but
preferably from 5 to 30% by mass.

_ The surfactént may be any known one, but is preferably
a fluorine-containing compbund. " Concretely, for example,
therearehentionedthecompoundsdescribedinJP—A—2001—330725,
[0028] to [0056]. |

The polymer that may be used along with the discotic
liquid—cfystalline molecules is preferably one éapable of
changing the tilt angle of the discotic liquid-crystalline
molecules. ' |

Examples of the polymer are cellulose esters. Preferred
examples of cellulose esters are described in JP-A-2000-155216,
[0178]. So as not to interfere with the alignment of the
liquid=-crystalline molecules in the layer, the amount of the
polymer to be added to the layer is preferably from 0.1 to 10%
by mass of the liquid-crystalline molecules, more preferably
from 0.1 to 8% by mass.

Preferably, the discotic nematic ligquid-crystal

phase/solid phase transition temperature of the discotic

.liquid—crystalline molecules falls between 70 and 300°C, more

preferably between 70 and 170°C.
Formation of Optically-Anisotropic Layer:

The optically-anisotropic layer may be formed by applying
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a coating solution that contains liquid—cryétalline molecules

and optionally a polymerization initiator and other optional

.components mentioned below, on the alignment film.

The solvent to be used in preparing the coating solution.
is preferably an organic solvent. Examples of the organic
solvent are-amides (e.qg., N,N—dimethylformamide), sulfoxides
(e.g., dimethylsulfoxide), heterocyclic compounds (e.g.,
pyridine),hydrocarbons(e.g.,benzene,hexane),alkylhalides
(e.qg., chloroform, dichloromethane, tetrachloroethane),
esters (e.g., methyl acetate, butyl acetate), ketones (e.qg.,
acetone, methyl ethyl ketone), ethers (e.g., tetfahydrofdran,
1,2-dimethoxyethane). Of those, preferred are alkyl halides
and ketones. Two or more such organic solvents may be used as
combined. | | |

. The coating solution may be applied onto the alignment
film in any known method (e.g., wire bar coating, extrusion
coating, direct gravure coating, reverse gravure coating, die
coating) .

The thickness of the_optically—anisotropie layer is
preferably from 0.1 to 20 pm, more preferably from 0.5 to 15
pm, most preferably from 1 to 10 um..

Fixation of Alignment State of Liquid-Crystalline Molecules:

The aligned quuid—crystallineInolecules may be fixed as
they are in an alignment state. Preferably, the fixation is
effected through polymerization. The polymerization includes
thermal polymerization with a thermal polymerization initiator
and optical polymerization with an optical polymerization
initiator. Preferred is optical polymerization.

The optical polymerization initiator includes, for
example, a—carbonyl compounds (as in USP 2,367,661, 2,367,670),
acyloin ethers © (as in USP 2,448,828),
o-hydrocarbon-substituted aromatic acyloin compounds (as in
Usp 2,722,512), polynuclear quinone compounds (as in USP
3,046,127, 2,951,758), combination of triarylimidazole dimer
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and p-aminophenylketone (as in USP 3,549,367), acridine
compounds and phenazine compounds (as in JP-A-60-105667, USP

4,239,850), and oxadiazole compounds (as in USP 4,212,970).

The amount 6f the optical polymerization initiator to be.
added is preferably from 0.01 to 20% by mass of the solid content
of the coatihg solution, more preferably from 0.5 to 5% by mass.

Preferably, UV rays are used for light irradiation for
polymerization.of liquid-crystalline molecules. Preferably,
the irradiation energy.falls within a range of from 20 mJ/cm?
to 50 J/cm?, more preferably ffom'20 to 5000 mJ/cm?, even more
preferably from 100 to 800 mJ/cm®. For'promoting the optical
polymerization? the light irradiation may.be effected under
heat. ' |

. A protective layer may be provided on the
optically-anisotropic layer.

Preferably,theopticaléompensatoryfihnmaybecombined
with a polarizing £film. Concretely, the ébove—mentioned
optically-anisotropic¢ layer-coating solution is applied onto
the surface ~ of a polarizing film to -from an
optically-anisotropic layer thereon. As a result, no polymer
film -exists between the polarizing film and the
optically-anisotropic layer, and a thin polarizer is thus
constructed of which the stress (strain X cross section x
elasticity) to be caused by the dimensional change of the
polarizing filmis reduced. When the polarizer of the invention
is fitted to large-size liquid-crystal displéy devices, then
it does not produce a problem of light leakage and the devices
can display high-quality images.

Preferably, the polarizing film and the
optically-compensatory layer are so stretched that the tilt
angle between the two may correspond to the angle formed by the
transmission axis of the two polarizers to be stuck toboth sides
of the liquid crystal cell to constitute LCD, and the machine

direction or the transverse direction of the liquid crystal
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" cells. 1In general, the tilt angle is 45°. Recently, however,

some devices in which the tile angle is not always 45° have been

developed for transmission-type, reflection-type or

semi-transmission-type LCDs, and it is desirable that the.
stretching direction is varied in any desired manner depending
on the plan.of LCDs.
(3) Formation of Antireflection Layer (for antireflection
film) : |

In general, an antireflection film is constructed by
forming a low-refractivity layer that functions as a
stain-preventing layer, and at least one layer haﬁing a higher

refractivity than that of the low—réfractivity layer

_ (high-refractivity layer or middle-refractivity layer) on a

transparent substrate.

A multi-layer film is formed by laminating transparent
thin films of inorganic compoﬁnds (e.g., metal oxides) having
a different refractivity, for example, in a mbde of chemical
vapor deposition (CVD) or physical vapor deposition (PVD); or
a film of colloidal metal oxide particles is formed according
to a sol-gel process with ametal compound such as ametal oxide,
and then this is post—treéted (e.g., UV irradiation as in
JP-A-9-157855, or plasma treatment as in JP-A-2002-327310) to
give a thin film. |

On the other hand, various types of antireflection films
of high producibility are proposed, which ére formed by
laminating thin films of inorganic particleé dispersed in a
matrix.

The antireflection films produced according to the
above-mentioned coating methods may be further processed so
that the surface of the outermost layer thereof is roughened
to have an antiglare property.

The cellulose acylate filmof the invention may be applied
to any type as above. Especially preferably, the film is

applied to film construction in a layers-coating system
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(layers-coated films).
Layer Constitution of Layers-Coated Antireflection Film:

The antireflection film havipg a layer constitution of
atleastandddle—fefractivitylayer,ardgh—refraétivitylayer-
and a low—refractivity layer (outermost layer) formed in that
order on a substrate is so planned that it satisfies the
refractivity profile mentioned below.

Refractivity of high-refractivity layer > refractivity
of middle-refractivity layer > refractivity of transparent
support > refractivity of low-refractivity layer.

A hard coat layer may be disposed between the transparent
support and the middle-refractivity layer. .Further, the film
may comprise a middle-refractivity hard coat layer, a
high—refractivity‘layer and a low-refractivity layef.

For example, JP-A-8-122504, JP-A-8-110401,
JP-A-10-300902, JP—A—2002—243906, JP-A-2000-111706 are
referred to.

The constitutive layers may have other functions. For
example,' there are mentioned a stain;resistant
low¥refractivity layer and an antistatic high-refractivity
layer (for example, as in JP—A—10—206603, JP-A-2002-243906) .

Preferably, the haze of the antireflection filmis at most

%, more preferably at most 3%. Also preferably, the strength
of the film is at least 1H measured in the pencil hardness test
according to JIS K5400, more preferably at.least 2H, most
preferably at least 3H.

High-Refractivity Layer and Middle-Refractivity Layer:

The high-refractivity layer of the antireflection film
is formed of a cured film that contains at least ultrafine
particles of an inorganic compound of high refractivity having
a mean particle size of at most 100 nm and a matrix binder.

The high-refractivity inorganic compound particles are
those of an inorganic compound having a refractivity of at least

1.65, preferably at 1least 1.9. The "inorganic compound
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- particles are, for example, those of a metal oxide with any of

Ti, Zn, Sb, Sn, Zr, Ce, Ta, La and In, and those of a composite

oxilde with such metal atoms.

For examplé, the ultrafine éarticles may be processed.
with a surface-treating agent (e.g., silane coupling agent as
in JP—A—11;295503, JP-A-11-153703, JP-A-2000-9908; anionic
compound or organic metal coupling agent as in
JP—A—2001—310432); or they may have a core/shell structure in
which the core is a high-refractivity particle (e.g., as in
JP-A-2001-166104); or they may be combined with a specific
dispersant (e.g., as in JP-A-11-153703, USP 6,210,858 BI,
JP-RA-2002-2776069) . |

.The material to from the matrix may be any known
thermoplastic resin or curable resin film. '

For the material, also preferred is at least one
composition . selected  from a polyfunctional
compound-containing composition in which the Compound has at
least two radical-polymerizing and/or cationic-polymerizing
groups, and a .composition of a hydrolyzing group—éontaining
organic metal compound or its.partial condensate. For it, for
example, referred to are the compounds described in
JP-A-2000-47004, JP-A-2001-315242, JP-A-2001-31871 and
JP-A-2001-296401.

' Also preferred is a curable film formed of a colloidal
metal oxide obtained from a hydrolyzed condensate of a metal
alkoxide, and a metal alkoxide composition.. For example, it
is described in JP-A-2001-293818.

The refractivity of the high-refractivity layer is
generally from 1.70 to 2.20. Preferably, the thickness of the
high-refractivity layer is from 5 nm to 10 um, more preferably
from 10 nm to 1 pm.

The refractivity of the middle-refractivity layer is so
controlled that it may be between the refractivity of the
1ow—refractivitylayerandthatofthekdgh?refractivitylayer.
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" Preferably, the refractivity of the middle—réfractivity layer

is from 1.50 to 1.70.
Low-Refractivity Layer: \ '

The low—réfractivity layer 1is laminated on the-
high-refractivity layer in order. The refractivity of the
le~refractivity layer may be, for example, from 1.20 to 1.55,
but preferably from 1.30 to 1.50.

Pfeferably, the low-refractivity layer is constructed as
the. outermost layer having good scratch resistance and good
stain resistance. For significantly increasing the scratch
resistance of the layer, it is effective to lﬁbricate'the
surface of the layer. For it, for examplé, employable is a
method of forming a thin layer that contains a conventional
silicone compound or fluorine-containing compound introduéed
thereinto.

Preferably, the refractivity of the fluorine-containing
compoundjj;frmn1.35tol.50,morepreferablyfrbml.36to]”47.
Also préferably, the fluorine-containing compound has a
crosslinking or polymerizing functional group that‘contains a
fluorine atom in an amount of from 35 to 80% by mass.

For example, herein usable are the compounds described
in JP-A-9-222503, [0018] to [0026]; JP-A-11-38202, [0019] to
[0030]; JP-A-2001-40284, [0027] to [0028]; JP-A-2000-284102.

Preferably, the silicone'compound has a polysiloxane
structure in which the polymer chain Contains a curable
functional group or a polymerizing functionél group, and it
forms a film having a crosslinked structure therein. For
example, it includes reactive silicones (e.g., Silaplane by
Chisso), and polysiloxanes double-terminated with a silanol
group (as in JP-A-11-258403).

Preferably, the crosslinking or polymerizing
group-having, fluorine-containing and/or siloxane polymer is
crosslinked or polymerized simultaneously with or after -the

coating operation with the coating compésition to form the
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"~ outermost layer that contains a polymerization initiator and

a sensitizer, by exposing the coating layer to light or heat.

Also pfeferred is a sol-gel curable film which comprises
an organic metal éompound such as a silane coupling agent and-
a specific fluorine-containing hydrocarbon gréup—having
silane coupling agent and in which they are condensed in the
presence of a catalyst to cure the film.

Fbr example, there are mentioned a polyfluoroalkyl
group-containing silane compound or its partial hydrolyzed
condensate (as in JP-A-58-142958, JP-A-58-147483,
JP-A-58-147484, JP-A-9-157582, JP-A-11-106704), and a silyl
compound having a fluorine-containing iong—chain- group,
poly(perfluoroalkylether) group (as 'in JP-A-2000-117902,
JP-A-2001-48590, JP—A—2002—53804).

As other additives than the above, the low-refractivity
layer may contain a filler (e.qg., low-refractivity. inorganic
compound of which the primary particles have é mean particle
size of from 1 to 150 nm, such as silicon dioxide (silica),
fluorine;containing particleés (magnesium fluoridé, calcium
fluoride, barium fluoride); organic fine particles described
in JP-A-11-3820, [0020] to'[0038]), a silane coupling agent,
a lubricant, a.surfactént, etc.

When the loerefractiVity layer is positioned below an
outermost layer, then it may be formed according to a
vapor-phase process (e.g., vacuum evaporation, sputtering, ion
plating, plasma CVD). However, a coating method is preferred
as 1t produces the layer at low costs.

Preferably, the thickness of the low-refractivity layer
is from 30 to 200 nm, more preferably from 50 to 150 nm, most
preferably from 60 to 120 nm.

Hard Coat Layer: .

A hard coat layer may be disposed on the surface of a

transparent support for increasing the physical strength of the

antireflection film to be thereon. In péfticular, the layer
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" is preferably disposed between a transparent support and the

above-mentioned high-refractivity layer.

Also preferably, the hard coat layer is formed through
crosslinking or polymerization of\an.optical énd/or thermal .
curable compound. The curable functional group is preferably
alphotopolymerizing functional group, and the hydrolyzing
functional . group-containing 'organic metal compound is
preferably an organic.alkoxysilyl compound.

Specific examples of the compounds may be the same as
those mentioned hereinabove for the high-refractivity layer.

Specificéxamplesofthecnnstitutivecompoéitionfofthe
hard coat layer are described in, for example-, JP-A-2002-144913, -
JP-A-2000-9908, and WO00/46617. |

. The high—refractivity layer may serve also as a hard coat
layer. In such a case, it is desirable that fine particles are
added to and finely’dispersed iﬁ'the hard coat layer in the same
manner as that mentioned hereinabove for the fbrmation of the
high-refractivity layer. '

Coﬁtaining particles having alnean.particle size of from
0.2 to 10 um, the hard coat layer may serve also aé an antiglare
layer (this will be mentioned hereinunder) having an antiglare
function. |

The thickness of the hard coat layer may be suitably
determined in accordance with the use thereof. Preferably, for
example, the thickness of the hard coat layer is from 0.2 to
10 pum, more preferably from 0.5 to 7 um.

Preferably, the strength of the hard coat layer is at
least 1 H as measured in the pencil hardness test according to
JIS K5400, more preferably at least 2H, most preferably at least
3H. Alsopreferably, the abrasion of the test piece of the layer
before and after the taper test according to JIS K5400 is as
small as possible.

Front-Scattering Layer:

A front-scattering layer may be provided for improving
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the viewing angle on the upper and lower sides and on the right

and left sides of liquid-crystal display devices to which the

film is_ applied. Fine particles having a. different

refractivity may'be dispersed in the hard coat layer, and the
resulting hard coat layer may serve also as a frOnt—écattering '
layer. | | _
For it, for example, referred to are JP-A-11-38208 in
which the front-scattering coefficient 1is specifically
defined; JP-A-2000-1992809 in which the relative refractivity
of transparent resin and fine particles is defined to fall
within a specific range; and JP-A-2002-107512 in.which'the haze
value is defined to be at least 40%. |

Other Layers: _

. In additionkto the above-mentioned léyers; the film may
further has a primer layer, an antistatic layer, an undercoat
layer, a protective layer, efc.

Coating Method:

The constitutive layers of thevantireflectidp film may
be formed in various coating methods of, for example, dip
coating, air knife coating, curtain coating, roller coating,
wire bar coating, gravure'coating, microgravure coating or
extrusion coating (as in USP 2,681,294).
Antiglare_Functionf

The antireflection film may have an antiglare function
of scattering external light. The filnlmay have the antiglare
function by roughening its surface. When the antireflection
film has the antiglare function, then its haze is preferably
from 3 to 30%, more preferably from 5 to 20%, most preferably
from 7 to 20%.

For roughening the surface of the antireflection film,
employable is any method in which the roughened surface profile
may be kept well. For example, there are mentioned a method
of ‘adding fine particles to a low-refractivity layer so as to

roughen the surface of the layer (e.g., as in JP-A-2000-271878) ;
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a method of adding a small amount (from 0.1 to 50% by mass) of

relatively large particles (having a particle size of from 0.05

.to 2 um) to the lower layer (high-refractivity layer,

middle—refractivity layer or hard coat layer) below a
low-refractivity layer to thereby roughen the surface of the
lower layer} and forming a low-refractivity layer on it while
keeping the surface profile of the lower layer (e.g., as in
JP—A—2000—281410, JP-A-2000-95893, JP-A-2001-100004,
JP-A-2001-281407); and a method of physically transferring a
roughened profile onto the surface of the outermost layer
(stain-resistant layer) (for.example, according“to emboséing
treatment as in JP-A-63-278839, JP—A—11—183710,
JP-A-2000-275401) . ' '

Liquid-Crystal Display Device:

.The cellulose acylate film of the invention may be
favorably wused in liquid-crystal display devices. In
particular, the cellulose acylate film of the invention 1is
effective when used as an optical cdmpensatory: sheet in
liquid—cfystal'display devices. In case where the film itself
is used as an optical compensatory sheet, then a polarizing
element (mentioned below) and the optical compensatory sheet
formed of the cellulose acylate film are preferably so disposed
that the transmissién axis of the former could be substantially
in parallel or vertical to the slow axis of the latter. The
configuration of the polarizing element and the optical
compensatory sheet of the type is described in JP-A-10-48420.
Aliquid-crystal displaydevice comprises a liquid-crystal cell
that carries liquid crystal between two electrode substrates,
two polarizing elements each disposed on both sides of the
liquid-crystal cell, and at least one optical compensatory
sheet disposed between the 1liquid-crystal cell and the
polarizing element.

Various types of liquid-crystal display devices to which

the cellulose acylate film of the invention is applicable are
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" described below.

TN-mode Liquid-Crystal Display Devicer

A TN-mode is most popularly utilized in color TFT
liquidfcrystaldiéplaydevices,andthisiscmscribedjxlalarge'
number of references. The alignment staté in the
liquid-crystal cell at the time of black level of TN-mode
display is as follows: The rod-shaped liquid-crystalline
moleculés stand up in the center of the cell, and they lie down
at around the substrate of the cell.

OCB-mode Liquid-Crystal Display'Device: ‘

This is a bent-alignment mode liquid—cryébal cell in
which the rod-shaped liquid-crystalline molécules are aligned
substantially in the opposite directions (symmetrically)
between the upper part and the lower part of the liquid-crystal
cell. The liquid-crystal display device that comprises such
a bent-alignment mode liquid—érystal cell is disclosed in USP
4,583,825 and 5,410,422. In this, since fhe rod-shaped
liquid-crystalline molecules are symmetfically aliQned in thé
upper parf and the lower part of the liquid-crystal cell, the
bent-alignment mode liquid-crystal cell has a
self—optically—compensatory function. Accordingly, the
liquid-crystal mode of the type is referred to as an OCB
(optically—compensétory bent) liquid-crystal mode.

Regarding the alignment state at.the time of black level
of display in the OCB-mode liquid-crystal cell, the rod-shaped
liquid-crystalline molecules stand up in the center of the cell,
and they lie down at around the substrate of the cell, like in
the TN-mode liquid-crystal cell.

VA-mode Liquid-Crystal Display Device:

This is <characterized in that the rod-shaped
liquid-crystalline molecules therein are substantially
vertically aligned in the absence of voltage application
thereto. The VA-mode liquid-crystal cell includes (1) a

VA-mode liquid-crystal cell in the narrow sense of the word,
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in which the rod-shaped liquid—crystallihe molecules are

substantially vertically aligned in the absence of voltage

,applicationtheretoknn:aresubstantiallyhorizqntallyaligned

in the presence of voltage application thereto (as in:
JP-A-2-176625), further including in addition to‘it, (2) a
multi—domainVA—mode(MVA—mode)liquidcrystalcellforviewing
angle expansion (as in SID97, Digest of Tech. Papers (preprint),
28 (1997) 845), (3) an n-ASM-mode liquid-crystal cell in which
the rod-shaped liquid-crystalline molecules are substantially
vertically aligned in the absence of voltage application
thereto but are-subjected.to twistedlmJltifdomain:alignment in
the presence of voltage application thereto (as in the preprint
hqtheNipponquuideystalDiscussionMeeting,58;59(1998)),
and (4) a SURVAIVAL—mbde liquid-crystal cell (as announced in
LCD International-98).

Other Liquid-Crystal Display-Devices:

ECB-mode and STN-mode liquid-crystal display devices may
be optically compensated in the same consideration as above.
Analytic Method and Evaluation Method: |

Methods for analyzing and evaluating cellulose acylate
grainsandcelluloseacylatéfilmaredescribedbelow. The data
found herein are determined according to the methods mentioned
below. |
(1) Heat of Crystalline Fusion:

From 10 to 20 mg of cellulose acyléte g:ains are weighed
and put into a sample pan. Using DSC (differential scanning
calorimeter), the sample is heated from room temperature up to
250°C at a rate of 10°C/min, and the heat of crystalline fusion
of the sample (J/g) is obtained from the sum total of the areas
of the heat absorption peaks appearing between 170°C and 250°C.
In the invention, when the absorption peak is not detected, the
heat of crystalline fusion is expressed as 0 (J/qg).

(2) Acicular Impurities:

Cellulose acylate grains are dissoclved in
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dichloromethane to have a concentration of 20% by mass, and the

solution is cast to form a cellulose ‘acylate film having a

.thickness of 100 um. This is set on a polarization microscope

and observed at 50-power. The acicular impurities are seen as
brightening spots under a cross-Nicol condition, and the number
of the brightening spots is counted per the unit weight of the
sample.

(3) Sulfate-group Content: .

The sulfate group content of cellulose acylate grains is
determined according to ASTM D-817-96.

(4) Alkali Metél Amount and Group-2 Metal Amouﬁt:

Nitric acid is added to cellulose acyléte grains and ashed
with multiwaves, and then dissolved in water. According to an
ICP—OES method, the alkali metal amount and the Group-2 metal
amount in the sample are determined.

(5) Weight-Average Degree oflPolymerization (DPw) :

Cellulose acylate is dissolved in THF to prepare a sample
solution (0.5% by mass). Under the condition.mentiqned below,
the weight—average molecular weight (Mw) of the sample is
determined through GPC. A calibration curve is drawn, using
polystyrene (TSK—standard'polystyrené, having a molecular
weight of 1050, 5970,'18100, 37900, 190000, 706000). The
thus-found value Mw.is divided by the molecular weight per one
segment obtained from the degrée of substitution determined
according to the method mentioned below, and this is DPw.
Column: TSK GEL Super HZ4000, TSK GEL Super HZ2000

TSK GEL Super HZM-M, TSK Guard Column Super HZ-L.
Column Temperature: 40°C.
Eluent: THF.
Flow Rate: 1 ml/min.
Detector: RI.
(6) Degree of Substitution for Acyl Group in Cellulose Acylate:
According to ASTM 'D-817-91, cellulose acylate 1is

completely hydrolyzed, and the resulting ffee carboxylic acid
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or 1ts salt is quantitatively determined through gas

chromatography or liguid chromatography to obtain the degree

of substitution for an acyl group in the sample.

(7) SP Value:

The data described in J. Brandrup, E.H..Immergﬁt and E.A.
Grulke,"PoiymerHandbookFourthEdition",VII/688—694(1998),
John Wiley & Sons, Inc. are referred to herein. The others not
described in this may be obtained in the manner mentioned below
(value at 298°K).

According to the method described in J.H. Hildebrand,
"Solubility of Nonelectrolytes", 424-427 (1950),, Reinhold
PublishingCo.,thedataareobtainedaccordingtxnthefollowing
formula (1): . '

SP Value (0) = [(AH-RT)/VL]? (1)
wherein o represents a solubility parameter; AH represeﬁts a
heat of evaporation; VL represéhts a molar volume; R.représents '
a vapor constant (1.986 cal/mol). .

AHis a value at 298°K computed as in the following formula
(2) based on thé boiling point"of the sample, according to the
Hildebrand rule. Regarding the method of compﬁtation of the
solubility parameter according to the Hildebrand rule, referred
to is the description in J.H. Hildebrand, "Solubility of
Nonelectrolytes", 424-427 (1950), Reinhold Publishing Co.

AH298 = 23.7Tb + 0.020Tb? - 2950 (2)

wherein Tb represents the boiling pbint of the sample.

EXAMPLES

The invention is described more concretely with reference
to the following Examples and Comparative Examples. In the
following Examples, the material used, its amount and ratio,
the details of the treatment and the treatment process may be
suitably modified or changed not overstepping the sprit and the
scope of the invention. Accordingly, the invention should not

be limited to the Examples mentioned below.
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Example A:
1. Production of Cellulose Acylate:

(1) Production of Cellulose Acetate Propionate (Examples 1 to

44, 49):
A) Activation:

_ 80 pafts by mass of cellulose (pulp) and 33 parts by mass
of acetic acid were put into a reactor equipped with a stirring
device énd a cooling device, and heated at 60°C for 4 hours to
activate the cellulose. The activation time was changed to
produce cellulose acylates of Examples 17 to 19 having a
different acicular impurity content. , _ | .

B) Acylation: | |

32 parts by mass of acetic anhydride, 540 parts by mass
o;‘propionic acid; 558 parts by mass of'propionic-anhydride and
4 parts by mass of sulfuric acid were mixed and cooled to -20°C,
and added to the reactor. Thé cellulose was esterified under
suéhcontrolthatthefdghestreactiontemperatﬁrecouldbeIEPC,
and the time when the viscosity of the reaction liquid reached
910 cP is the end point of the reaction. The reaction mixture
was so controlled that its temperature at the end point could
be 15°C. A reaction stoppér prepared by mixing 133 parts by
mass of water and 133 pérts by mass of acetic acid and cooled
to -5°C was added to the reaction mixture so that the temperature
of the reaction mixture could not be higher than 23°C. The blend
ratid of the reactants was varied to obtain cellulose acylates
of Examples 39 to 44.

C) Partial Hydrolysis:

The reaction mixture was stirred at 60°C for 2 hours for
partial hydrolysis, and then filtered through filter paper.
The stirring time was changed to obtain cellulose acylates of
Examples 35 to 38 having a different degree of polymerization.
D) Control of Sulfuric Acid Amognt: .

Next, a mixed solution of 77 g (2 equivalents to sulfuric

acid) of magnesium acetate 4-hydrate, 77 g of acetic acid and
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77 g of water was added to the reactor (neutralization), and

stirred at 60°C for 2 hours (post-heating). This was filtered

_throughfiltérpaper;andthenndxedwithanlaqueousaceticacid

solution for reprecipitation of the resulting polymer compound, -
and then repeatedly washed with hot water at 70 to\80°C. The
washing tiﬁe was- changed to obtain cellulose acylates of
Examples 20 to 29 in which the residual sulfuric acid amount
differs; _

E) Addition of Alkali Metal, Group-2 Metal:

After dewatered, the cellulose acylate was dipped in an
aqueous solution of an alkali metal or Group-2 metal compbund
described in Table 1, and stirred for 30 mihutes. Next, this
was again dewatered. This was dried in vacuum at 60°C for 12
hours. The type df the alkali metal or Group-2 metal compound
and the concentration of the aqueous solution thereof were
varied to give M/S, or that is, I(sum of themolar amount of alkali
metal and the molar amount of Group-2 metal)/(ﬁhe molar amount
of sulfate group) as in Table 1.

(2) Proddction of Cellulose Acetate Butyrate, etc..(Examples
45 to 48):
A) Activation:

200 parts by mass'of cellulose (linter) and 100 parts by
mass of acetic acid were put into a reactor equipped with a
stirring device and a cooling device, and heated at 60°C for
4 hours to activate the cellulose.

B) Acylation:

161 parts by mass of acetic acid, 449 parts by mass of
acetic anhydride, 742 parts by mass of butyric acid, 1349 parts
by mass of butyric anhydride and 14 parts by mass of sulfuric
acid were mixed and cooled to -20°C, and added to the reactor.
C) Partial Hydrolysis: _

The cellulose was esterified under such control that the
highest reaction temperature could be 306C and the time when

the viscosity of the reaction liquid reachéed 1050 cP is the end
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point of the reaction. The reaction mixture was so controlled
that its temperature at the end point could be 10°C. A reaction
stopper prepared by mixing 297 parts by mass of water and 558
parts by mass of acetic acid and cooled to -5°C was added to
the reaction mixture so that the temperature of the reaction
mixture could not be higher than 23°C.

D) Control of Sulfuric Acid Amount:

The reaction mixture was stirred at 60°C for 2 hours and
30 minutes for partial hydrolysis, and then filtered through
filter paper. This wasrnixedxﬂith.aqueohs acetic acid solution
forreprecipitatrmuoftheresultingpolymercompbund,andfhen
this was repeatedly washed with hot water at 70 to 80°C.

E) Addition of Alkali Metal, Group-2 Metal:

. After dewatéred, the cellulose acylate was dipped in an
aqueous solution of an alkali metal or Group-2 metal compound
describedinTﬁblel,andstirrédforBOnﬁnutes. In this state,
the concentration of the aqueous solution was controlled to give
the M/S ratio as in Table 1. Then, this was again dewatered.
This was’dried'at 70°C to obtain cellulose acylate butyrate
(Example 45).

In the above-mentioned method of producing cellulose
acylate, the time in A) activation was changed to control the
amount of acicular impurities; the condition in B) acylation
and that in C) partial hydrolysis were changed_to control the
degrée of substitution and‘thelnolecula17weight of the polymer;
the post-heating time in D) sulfuric acid amount control was
changed to control the sulfuric acid amount in the reaction
system; and the condition (type, concentration) of the aqueous
calcium hydroxide solution in E) addition of alkali metal,
Group-2 metal was changed to control the alkali metal amount
and the Group-2 metal amount in the polymexr. Accordingly,
different cellulose acylates (Examples 46 to 48) were produced.

2. Formation of Cellulose Acylate Pellets:

The above cellulose acylate was dried at 120°C for 3 hours
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" to have a water content of 0.1% by mass, to which was added

silicon dioxide particles (Aerosil R972V) in an amount of 0.05%
by mass. Further, a stabilizer ﬂSumilizer GP by Sumitomo
Chemical, 0.3% by mass), and a UV absorbent (Adekastab LA-31.
by Asahi Denka Kogyo, 1% by mass) were added thereto. The
resulting mixture was put into the hopper of a double-screw
kneading extruder, and kneaded therein under the pelletization
conditiénasjleable]” The screw of the double~screw kneading
extruder had a compression ratio of 3; the barrel diameter
thereof was 40 mm; L/D = 40; and the extrusion rate from the
extruder was 150 kg/hr. After thus melted, the cellulose
acylate was exfruded out as strands having a diameter of 3 mm
and solidified in water at 10°C, and then cut into peilets having
a length of 5 mm. Thusproduced,thepelletsweredriedat100°C
for 10 minutes. ' '

The pellets were analeed for the heat quantity of
crystalline fusion, the acicular impurities, the sulfate group
content, the ratio of (sum of the molar amount of alkali metal
and the'molar amount of Group-2 metal)/ (the molar.amount of
sulfate group) (this is M/S ratio 1n Table 1), the
weight-average degree of polymerization (DPw) and the degree
of substitution according to the methods mentioned above. The
found data are given in Table 1.

3. Melt-casting Film Formation:

Theabovecelluloseacylatepelletsweredfiedjxxavacuum
drier at 110°C for 2 hours so that they could have a residual
water content of at most 0.01% by mass. These were put into
the hopper controlled at (Tg-10)°C of a double-screw extruder,
and kneaded and melted therein in a nitrogen atmosphere. The
first feed port temperature was 180°C; the compression zone
temperature was 210°C; and the second feed port temperature was

220°C. The compression ratio of the fullflight screw was 4;
and L (screw length)/D (screw diameter) was 30. At the outlet

port of the extruder, the resin melt was”filtered-through a
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' breakerplate—typefilter,thenledtx)passtHroughaagearpump,

and again filtered through a 4-um stainless leaf-type disc

filter device.

The reéulting resin melt was extruded out through the:
T-die of the extruder, and then formed into a film using the
touch roll described in Example 1 in JP—A—11—235747 under a
linear pressure shown in Table 1. The castingroll and the touch
roll had.a diameter of 400 mm, and set at 120°C. After the film
was. peeled off from the casting.roll, and trimmed at both edges
(3% of the overall width at each edge). This was knurled to
a width of 10 mm and a height of 50 pm at both edges, and then
wound up at a speed of 30 m/min. Thus wound up, the film had
a width of 1.5 m and a length of 3000 m. |
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"4, Formation of Stretched Cellulose Acylate Film:

The unstretched sheet was stretched at Tg + 10°C at
300%/min to the draw ratio mentioned below. Tg means the glass
transition tempefature of each fiim, and this is determined.
through DSC at 10°C/min, at which the base line in DSC begins
to shift frbm the low-temperature side.

The stretched film was analyzed with an automatic
birefriﬁgence meter (KOBRA—ZlADH,_ by 0ji Scientific
Instruments), at 25°C and 60% RH. The results of Example 1 are

shown below, and the other Examples gave the same results.

Table 2
Draw Ratio in | Draw Ratio in RE Rth
MD-Stretching | CD-Stretching
(%) (%) (o) (nm)
Unstretched _
_ 0 0 0 0
Film :
Stretched
: 300. 0. 200 100
Film 1 '
Stretched
. 50 : 10 60 220
Film 2
Stretched
50 50 0 450
Film 3 .
Stretched '
50 10 60 220
Film 4
Stretched ~ .
0 150 150 150
Film 5
5. High-Temperature Aging of Unstretched or Stretched

Cellulose Acylate Film:

The cellulose acylate film was cut into sheets, and aged
at 80°C and 10% RH for 1000 hours (long-term aging). Next, its
absorbance at 400 nm was measured, and this was converted into
a value of the filmhavinga t‘hickness of 100 um (found absorbance

value x (100/actual thickness (um)). This is the degree of
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yellowing of the film after long-term aging, and shown in Table
1 (in which this is in the column of aged discoloration).
6. Construction of Polarizer: \ _

(1) Saponificatien of Cellulose Acylate Film:

The long-term-aged unstretched cellulose acylate film -
and’stretcned acylate film were saponified by dipping in a
saponificetion solution according to the process mentioned
below. .The same results were obtained when the film was coated
with the saponification solution.

(1-1) Dipping Saponification: '

'An aqueous NaOH (1.5 mol/L) solution was prepared éS a
saponification solution, and conditioned at 60°C. The
cellulose acylate film was dipped in the solution for 2 minutes.
Next, this was dipped in an aqueous sulfuric acid (0.05 mol/L)
solution for 30 seconds, and then led to pass through a
water-washing bath. |
(142) Coating Saponification:

20 parts by mass of water was added to 80 parts by mass
of isoprepanol, and KOH was dissolved therein ro have a
concentration of 1.5 mol/L. This was conditioned at 60°C and
used as a saponification solution. The saponification
solution was applied te the cellulose acylate film at 60°C in
a degree of 10 g/mz, and the filmwas thus saponified for 1l minute.
Nekt; this was washed by spraying thereon hot water at 50°C
thereon in a degree of 10 L/m?min for 1 minute.

(2) Preparation of Polarizing Film:

According to Example 1 in JP-A-2001-141926, a film was
stretched in the machine direction, between two pairs of nip
rolls having a different peripheral speed to prepare a
polarizing film having a thickness of 20 pm.

(3) Lamination:

Thus obtained, the polarizing film was laminated with any

of the saponified, unstretched or stretched cellulose acylate

film, using an aqueous 3% PVA (Kuraray's PVA—117H) solution as
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" an adhesive, in such a manner that the polarization axis could

cross the machine direction of the cellulose acylate film at

45 degrees. ‘Thus constructed, the polarizer was fitted to a

20-inch VA-mode liquid-crystal display device of Figs. 2 to 9-

in JP-A-2000-154261, and the device was driven for entire white

display. In this stage, the device panel was visually checked

for yellowing, and the result is shown in Table 1 (yellowing

in LCD). Each sample was evaluated at 10 points of scores. A

score of 0 point was given to samples with no yellowing; and

a score of 10 points was given to samples with strong yellowing.

The practicable level is at most 6, preferably at most 4, more

preferably at most 2, even more preferably at most 1, and most

preferably 0.

The films of the invention all had good results. On the

other hand, the comparative films much yellowed. Inparticular,
as compared with the film of Example 3-1 in JP-A-2000-352620

(Cbmparative Example 5),

the

film

of the invention

corresponding to it (Example 49) was'significantly bettered.

7. Construction of Optical Compensatory Film:

(1) Unstretched Film:

When the unstretched cellulose acylate film of the

invention was used in the first transparent support in Example

1 in JP-A-11-316378, then good optical compensatory films were

produced.

(2) Stretched Cellulose Acylate Film: _
When the stretched cellulose acylate film of the

invention was used in place of the liquid-crystal layer-coated

cellulose acetate film in Example 1 in JP-A-11-316378, then good

optical compensatory films were produced.

Similarly, when the

stretched cellulose acylate film of the invention was used in

place of the liquid-crystal layer-coated cellulose acetate film

in Example 1 in JP-A-7-333433, then good optical compensatory

filter films were produced.
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8. Construction of Low-Refractivity Film:

According to Example 47 in Hatsumei Kyokai Disclosure

‘Bulletin (No. 2001-1745, published by the Hatsumei Kyokai on

March15,2001),fhestretchedortnmtretchedcelluloseacylate
film of the invention was used in construction of
le—refracfivity films, and the films had good optical
properties.

9. Conétruction of Liquid-Crystal Display Device:

The above polarizer of the invention was used in the
liquid-crystal display device ‘described in Example 1 in
JP-A-10-48420; the discotic .liquid—cryStaliine
molecules-containing optically—anisotropic layer and the
polyvinyl alcohol-coated alignment film described in Example
1 in JP—A—9—26572; the 20-inch VA-mode liqdid—crystal display
device of Figs. 2 to 9 in JP-A-2000-154261; and the 20-inch
OCB-mode liquid-crystal dispiay device of Figs. 10 to 15 in
JP-A-2000-154261. The low-refractivity film of the invention
wasstucktothecmtermostsurfacelayeroftheseliquid—crystai
display devices, and evaluated through visual observation.
All these exhibited good visibility.

In place of the pelléts of Examples 1 to 49, used were
cellulose acyléte graiﬁs prepared by grinding these pellets to
have a size of from 1 to 10 mm®’, and cellulose acylate films
were produééd from then according to the methods of Examples
1 to 49. These cellulose acylate films also had good resﬁlts,
like the films formed from the cellulose acylate pellets.

In addition, other £films were produced in the same manner
as in Example 1, to which, however, a plasticizer, dioctyl
adipate was added in an amount of 4% by mass (Example 50), or
the plasticizer 2 of formula 1 in JP-A-2000-352620 was added
in an amount of 6% by mass (Example 51). These films were
compared with the film of Example 1. The films of Examples 50
and 51 were the same as the film of example 1 in point of the

heat of crystalline fusion, the acicular impurities, the aged
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discoloration and the yellowing in LCD; but in Example 51, the

plasticizer deposited out on the casting roll after the film

was formed to a length of 100 m; and in Example 52, the

plasticizer depoeited out on the casting roll after the film-
was formed to a length of 1000 m. Thesedepositscausedtransfer
stains on tﬁe films. In Example 1, no film.stain was seen even
after the film was fo;med to a length of 10000 m or more.
Example.B: .

0.1 parts by mass of acetic acid and 2.7 parts by mass
of propionic acid were sprayed onto 10 parts by mass of cellulose
(hardwoodpulp),andthenstoredeﬂ:romntemperatufefor].heur.
Apart from this, a mixture of 1.2 parts by mass of acetic
anhydride, 61 parts by mass of propionic anhydride and 0.7 parts
by mass of,sulfurie acid was prepared, cooled to -10°C, and then
mixed with the above pretreated cellulose in a reactor. After
30 minutes, the outer temperafﬁre was elevated up to 30°C, and
the compounds were reacted for 4 hours. 46 perts by mass of
aqueous 25% acetic acid solution was added to the reactor, and
the innef temperature was elevated up to 60°C, ana this was
stirred for 2 hours. 6.2 parts by mass of a solution prepared
by mixing magnesium acetate 44hydrate; acetic acid and water
(1/1/1 by weight) was added to it, and stirred for 30 minutes.
The reaction liquid was filtered under pressure through metal
sintered filters having a retention particle size of 40 pm, 10

pm and 5 pm in that order to remove the impurities. The
resulting filtrate was mixed with aqueous 75% acetic acid
solution to precipitate cellulose acetate propionate, and then
washed with hot water at 70°C until the wash waste could have
apHof from6 to 7. Further, this was stirred in aqueous 0.001%
calcium hydroxide solution for 0.5 hours, and then filtered.
The resulting cellulose acetate propionate was dried at 70°C.
Its 'H-NMR confirmed that the thus-obtained cellulose acetate
propionate has a degree of acetylation of 0.15, a degree of

propionylation of 2.55, a weight—average'molecular weight of
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135000 and a number-average molecular weight of 52000.

The amount of acetic anhydride ‘and that of propionic

~anhydride to be fed to the reaction system were varied to obtain

cellulose acetate propionate having a degree of aéetylation of
0.43; a degree of propionylation of 2.40, a weiéht—average'
molecular weight of 125000 and a number-average molecular
weight of 48000.

ThiswaspelletizedunderthesamecondithmuasinExample
1 of Example Atoobtainpellets, of which the heat of crystalline
fusion was 0.1 J/g, the number of acicular impurities was 0/mg,
the sulfate group content was 70 ppm, M/S was 0;53 and M was
a (OH) 2. Using the pellets, a filmwas formed in the same manner
as in.Example 1, for which) however, the touch roll contact
pressure was]_MPa: The thus—obtained.filn{was tested, and its
aged discoloration was 0.01, | ii_:s yellowing in LCD was 0, or that
is, the film had good properties.
Example C:
(1) Production of Cellulose Acylate

0. 1 parts by mass of acetic acid and 2.7 parts by mass
of propionic acid were sprayed over 10 parts by mass of cellulose
(hardwood pulp), and then sﬁored at room temperature. The time
for storage was changéd whereby the amount of the acicular
impuritieswaschangedasleTableB. Apart fromthis, amixture
of 1.2 parts by mass of acetic'énhydride, 61 parts by mass of
propionic anhydride and 0.7 parts by mass of sulfuric acid was
prepared, cooled to -10°C, and mixed with the above pretreated
cellulose ina reactor. After 30minutes, the outer temperature
was elevated up to 30°C, and the compounds were reacted for 4
hours (partial hydrolysis). 46 parts by mass of agqueous 25%
acetic acid solution was added to the reactor, and the inner
temperature was elevated up to 60°C, and this was stirred for
2 hours. 6.2 parts by mass of a solution prepared by mixing
magnesium acetate 4-hydrate, acetic acid and water (1/1/1 by

weight) was added to it, and stirred for 30 minutes. The
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reaction liquid was filtered under pressure through metal

sintered filters having a retention particle size of 40 pm, 10

Hm and 5 pm in that order to remove the impurities. The

resulting filtrafe was mixed with agqueous 75% acetic acid.
solution to precipitate cellulose acetate propionaté, and then
washed with.hot water at 70°C until the wash waste could have
a pHof from 6 to 7. Further, this was stirred in aqueous 0.001%
calcium.hydroxide solution for 0.5 hours, and then filtered.
The resulting céllulose acetate propionate was dried at 70°C.
Its 'H-NMR confirmed that the thus-obtained cellulose acetate
propionate has a degree of acetylation of 0.15, a degree of
propionylation - of 2.55, a weight-average degree of
polymerization of 420- and a number—average. degree of
polymerization of 160. '

The amount of acetic anhydride and that of propionic
anhydride to be fed to the reaction system were varied and
butyricacidwasaddedtxathesystemtxaobtainceiluloseacylate
having a different degree of acetylation, propionylation and
butyrylaﬁion as in Table 3. In addition, the time'for partial
hydrolysis was changed (when it is longer, then the degree of
polymerization of the polymer is lower) to obtain cellulose
acylate having a different weight-average degree of
polymerization as in Table 3.

(2) Formation of Cellulose Acylate Grains:

The cellulose acylate shown in able 3 wés dissblved in
a solvent having an SP value as in Table 3 to prepare a cellulose
acylate solution having a concentration of 10% by mass. This
was processed according to any of the following methods (as in
Table 3) give cellulose acylate grains.

(i) Precipitation Method:

A mixed solvent ~of acetic acid and water (acetic
acid/water = 1/1 by weight) was used as a poor solvent. The
cellulose acylate solution was added to it, whereupon the number

of revolution of the stirring blade was chan'ged (when the number
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" of stirring revolution 1is larger, then the grain size is

smaller) to give cellulose acylate grains having the size as

in Table 3. ‘This was filtered, washed with water and dried.

(ii) Drying Method:

The cellulose acylate solution was put into a chamber,
and dried at a temperature highér by 10°C than the boiling point
of the solvent so that the residual solvent was reduced to at
most 0.01% by weight. Next, this was ground to give the
cellulose acylate grains having the size as in Table 3. The
size control of the grains was attained by controlling the
grinding time and by further sieving the,ground grains.‘

(3) Melt—castiﬁg Film Formation: -

The above cellulose acylate grains were dried in a drier
at 110°C (using air having a dew point of -20°C) for 2 hours
to reduce the residual water content to at most 0.01% by mass.
Thése were put into the hoppér controlled at (Tg—10)°C'of a
doﬁble—screw*extruder, and kneaded and melted therein in an air
atmospheré. The first feed port temperature was';80°C; the
compfessionzonétemperaturewa5220°C;andthesecondfeedport
temperature was 230°C. The number of screw revolution was 100
rpm, and the kneading resin'préssure was 5 MPa. At the outlet
port of the extruder, the resin melt was filtered through a
breakerplate—typefilter,thenledtx>passthroughaagearpump,
and again filtered through a 3-um stainless leaf-type disc
filtér device. . _ |

The resulting resin melt was extruded out through the
T-die of the extruder, and then formed into a film using the
touch roll described in Example 1 in JP-A-11-235747 under a
linear pressure shown in Table 3. The casting roll and the touch
roll had a diameter of 500 mm. After led topass through a series
of 3 casting rolls set at 120°C on the most upstream side, at
125°C in the middle, and at 115°C on the most downstream side,
the film was trimmed at both edges (3% of the overall width at

each edge). This was knurled to a width of 10 mm and a height
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of 30 um at both edges, and then wound up at a speed of 30 m/min.
Thus wound up, the film had a width of 1.5 m and a length of
3000 m.
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(4) Stretching:

Stretched cellulose acylate films were obtained in the

same manner as in Example A. Like in Example A, the films of

the invention of'these Examples had good properties.
(5) Test of Unstretched or Stretched Cellulose Acylai:e Film for
High—Tempefature Aged Discoloration: |

The films were tested and evaluated in the same manner
as in Exémple A (aged discoloration), and the results are shown
in Table 3.

(6) Construction of Polarizer:

In the same manner as in Example,A,.thé films were
saponified by dipping, a polarizing film was-prepared, and they
werelaminatadandbuiltinliquid—crystaldisplaydevices,and
tested. The results are shown in Table 3 (yellowing in LCD).
The films of the invention of these Examples all had good optical
properties. |
(7) Optical Compensatory Film:

In the same manner as in Example A, the unstretched or
stretched cellulose acylate film of the invention Qas used in
forming optical compensatory films, and they had good optical
properties.

(8) Low-Refractivity Film:

In the same manner as in Example A, the cellulose acylate
filmof the invention was used in forming low-refractivity films,
and they had good optical properties.

(9) Construction of Liquid-Crystal Display Device:

In the same manner as in Example A, liquid-crystal display
devices were constructed, and those comprising the cellulose
acylate film of the invention had good optical properties.

The cellulose acylate grains of Example 101, and the
cellulose acylate pellets of Example 1 weremixed (10/90, 30/70,
70/30, 10/90), and the resultingrnixture was formed into a film
and stretched in the same manner as in Example 101, and used

in forming polarizers, optical compensatory films,

84



10

WO 2007/072995 PCT/JP2006/326172

low-refractivity films, and liquid—crystal'display devices.

These also produced good results.

INDUSTRIAL APPLICABILITY

The cellulose acylate film of the invention does not
yellow, wheﬁ built in liquid-crystal display devices and used
for a long period of time. Accordingly, the cellulose acylate
fihnoffheinventhmnisextremelyusefulaspmlarizers,optical
compensatory films, and antireflection films. In addition,
according to the cellulose acylate grains and the method for
their production of the invention, the Cellulose”acylate film
can be produced in a simplified manner. .Accordingly, the

industrial applicability of the invention is great.
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CLAIMS

1. Cellulose acylate grains having a heat quantity of

crystalline fusion of at most 10 J/g.

2. The cellulose acylate grains according to claim 1,
wherein the number of acicular impurities is at most 50/mg.
. 3. The cellulose acylate grains according to claim 1 or
2, having a sulfate group content of from O ppm to less than
200 ppm;

4. The cellulose acylate grains according to any one of
claims 1 to 3, wherein the ratio of (sum of the molar amount
of alkali metal and the molar amount of Group—2 metal)/(the
molar amount of sulfate group) is from 0.3 to 3.0.

5. The cellulose acylate grains according to claim 4,
wherein the Grou§—2 metal is calcium. ' |

6. The cellulose acylate grains according to any of

claims 1 to 5, satisfying the following formulae (S-1) to (S-3):

(S-1) 2.6 <X + Y < 3.0,
(5-2) 0 <X < 1.8,
(S-3) 1.0 £Y < 3;

wherein X means a degree of substitution of the Hydroxyl group
of cellulose for an acetyl group; Y means a total degree of
substitution of the hydfoxyl group of cellulose for a propionyl
group, a butyryl group, a pentanoyl group and a hexanoyl group.
7. The cellulose acylate grains accordlng to any of
claims 1 to 6, which are pellets. .
8. A method for producing cellulose acylate grains,
which comprises kneading a cellulose acylate resin in a
double-screw kneading extruder at a screw revolution of from
50 to 300 rpm and under a resin-kneading pressure of 2 to 9 MPa.
9. The method for producing cellulose acylate grains
according to claim 8, which includes kneading and extruding the
cellulose acylate resin at 160°C to 220°C and pelletizing it.
10. The method for producing cellulose acylate grains

according to claim 8 or 9, wherein the resin is pelletized by
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controlling the inner pressure of the double-screw kneading
extruder to lower than 1 atmospheric préssure.

11. The method for producing cellulose acylate grains
according to any.Qne of claims 8 to 10, wherein the resin is
pelletized while an inert gas 1is introduced\ into the
dQuble—scréw kneading extruder. |

12. .The method for producing cellulose acylate grains
accordihg to any one of claims 9 to 11, which includes grinding
the pellets formed thrbugh pelletization.

13. The method for producing cellulose acylate grains
according to any one of claims 8 to 12, which includes reacfing
the cellulose acylate with a carbonate, hydrogencarbonate,
hydroxide or oxide of at least one metal selected from the group
consisting of sodium, potassium, magnesium and calcium for
neutralization before the kneading. '

14. A method for prodﬁéing cellulose acylate grains,
which comprises preparing a cellulose acylafe solution by
dissolving a cellulose acylate in a solvent having an SP value
of from 7 to 10, and then solidifying the cellulosé acylate.

15. The method for producing cellulose écylate grains
according to claim 14, wherein the solvent having an SP value
of from 7 to 10 is an ester solvent having an SP value of from
7 to 10, a halogenated hydrocarbon solvent having an SP value
of from 7 to 10 or a ketone solvent having an SP value of from
7 to 10. ..

16. The method for producing cellulose acylate grains
according to claim 14 or 15, wherein the solidification is
attained by drying the cellulose acylate solution to remove the
solvent.

17. The method for producing cellulose acylate grains
according to claim 14 or 15, wherein the solidification is
attained by introducing the cellulose acylate solution into a
poor solvent to thereby precipitate the cellulose acylate.

18. A method for producing a cellulose acylate film,
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which comprises melt-casting cellulose acyiate grains of any
one of claims 1 to 7 into a film. .

_ 19. The method for producing a cellulose acylate film
according to claim 18, wherein thé film is formed by the use
of a touch roll under a linear pressure of from 3 kg/cm to 100
kg/cm. | |

20. The method for producing a cellulose acylate film
accordihg to claim 18, wherein the film is formed by the use
of a touch roll under a contact pressure of from 0.3 MPa to 3
MPa.

21. The method for producing a cellulose'acylate film
according to any one of claims 18 to 20, which further includes
stretching the formed cellulose acylate film in at least one
direction by from 1% to 300%.

22. A cellulose acylate film produced according to the
productidn method of any one of claims 18 to 21.

' 23.. A cellulose acylate film formed of the cellulose
acylate grains of any one of claims 1 to 7, which has a residual
solvent content of at most 0.01% by mass. -

24. Apolarizercompriéinga;xﬂarizingfilmandatleast
one layer of the cellulose acylate film of claim 22 or 23
laminated thereon. ' .

25. An optical compensatory film comprising the
cellulose acylate film of claim 22 or 23 as the substrate
thereof. - |

26. An antireflection film comprisiﬁg the cellulose
acylate film of claim 22 or 23 as the substrate thereof.

27. A liquid-crystal display device comprising at least
one of the polarizer of claim 24, the optical compensatory film

of claim 25, and the antireflection film of claim 26.
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