a9 United States

US 20100188619A1

a2y Patent Application Publication (o) Pub. No.: US 2010/0188619 A1

Otoshi et al. 43) Pub. Date: Jul. 29, 2010
(54) METHOD FOR PRODUCING (86) PCT No.: PCT/JP2006/311151
THERMOPLASTIC FILM AND OPTICAL
COMPENSATION FILM FOR LIQUID § 371 (c)(1),
CRYSTAL DISPLAY PANELS PRODUCED BY (2), (4) Date: Nov. 30, 2007
USING THE METHOD 30) Foreign Application Priority Data
. May 31,2005  (JP) <o 2005-160003
(75) Inventors: Masaaki Otoshi, Shizuoka (IP); L . .
Akihide Fujita, Shizuoka (JP); Publication Classification
Shinichi Nakai, Shizuoka (JP) (51) Int.CL
GO2F 1/1335 (2006.01)
B29C 43/24 (2006.01)
Correspondence Address: GO02B 1/08 (2006.01)
§E}%%%%EN¥;€§A£%3VENUE NW.. SULTE (52) US.Cl oo, 349/96; 264/175; 359/500
800 o ) ABSTRACT
WASHINGTON, DC 20037 (US) There is provided a method for producing a thermoplastic
film, which can suppress the occurrence of residual strain in
(73) Assignee: FUJIFILM Corporation, the film caused by the pohsh{ng ro}ler. method to prevent j[he
b Mi K T P occurrence of stretch non-uniformity in stretching operation
inato-ku, Tokyo (IP) and provide a film that has excellent optical characteristics.
The molten resin extruded from a die into a sheet is fed
(21) Appl. No.: 11/916,188 between a pair of polishing rollers and cooled while being
held and pressed between them so that a cellulose acylate film
is formed. The surface of the polishing roller is made up of a
(22) PCT Filed: May 29, 2006 fluorine resin.
10
22
24
28 31
26 12 30 (
18
16

14



Patent Application Publication Jul. 29,2010 Sheet 1 of 3 US 2010/0188619 A1l

o
VN
\_,\m
™
—
— O
. S —
<
LL
o
™
(Q\)
00
QY
ﬁ-
(&)
VS

22

26




US 2010/0188619 A1

Jul. 29,2010 Sheet 2 of 3

Patent Application Publication

44

0

-~ T —

g va v -

LLL L L 7 7 777, \\\\\\\\ L L

N\

|

i ., N A N =
\ A

\CP _ / / a :UH

\
/<A.<|l< <<\y\\»<<

LLLLLL P L \\\\\\\\\ \\\ \ LA R N

22 A

2€ L€
NNK vE 9¢ o

8¢

—e—|

¢ Ol

I



US 2010/0188619 A1

Jul. 29,2010 Sheet 3 of 3

Patent Application Publication

TE | XX Tg [ 75 70 o8 51 8oL TT [ T i 05 [ [
5 X & [ [ 071 [i T A o1 el ; [ [F [ [
§ v 061 7 2] [ & 87 50} €21 - [ [ 07 0%
v e T3 81 [ 3 67, TT £21 GL v [\ 07 Bl
L % [ GE 6 [ B FH T €L [ o [ [ Bl
£ | v Zl 009 Sl 092 08 6 871 [ £41 0L Shl [ [ LL
9 | v @) ) Y3 T 5 [ 51 [ T Tal [ 7 0 [
€t | %8| O [ w81 ] o3 08 ) 5 - el 0 v 0 0z
v | 91 O S0 e ] Z8 08 61 3 ) [ 0 7 i [H v
£ |61 ] O 50 061 1 0d [ 51 7§ " ZEL [ y [ 07
t | 611 O <0 108 50 8 8 m, 521 T 21 [} v [ [} T
R 0] T 5Ig [ [ 3 5% T % [ b [ 0 !
[ 9L [e] g0 012 8 08 3 8¢ ] £2 0Z 4 0 0 1
CEEN D e S0 502 ] o8 3 3 T €2 [ ¥ [ 07 &
o I e I Y] S 88 [ j 5 T 22 [ ¥ 05 [ 3
E | er | © 50 802 ] €8 08 3 82 I €2 0 ¥ 05 [ 7
E [ ¥0 | O T T 50 7L 08 T [ T [ [ [ 08 [ g
v [y ] O ©0 202 50116 St 61 8 T 3 [ [ 08 3 g
v | 2l | O 1) i T %5 i T 4 " [ [ TH1 51 [ ¥
3 3 [} 50 £0Z 50 16 0! T % 3 oF 571 05 [ B
¥ [¢) €0 a1 T 68 [ T & " €2 [ Syl 0% [ Z
3 C €0 002 ! 06 o ! [ £ [ Syl [ 0z T
;s : () ) S oy |ty
’ () ) QLYY | qun oiaapay | OULVH | SUNLVHINEL ) 34nssaud | ave
3mvA] ) (103330 o) rugtmva | e | ALrugvriva | cu [PNIHOLRULS 1o i 5| 3 HOLIYLS| DNILYSHING || (3/r) 3v3d (1) (tut/uny
Eva 3LV ONHOLZMLS N 088y | NI 7108 [TIOH [ 331 30 |ALID0T3A|LS3Y]
S H[#vauLS| io 338930 40 334530 SSAOL ONIHOLIMLS oﬁmmo Sav %mmmzxo_: A
DNIHOLINLE ONIHOLIELS SNOLLIGNGY ’
T ] ASHIASNVAL . WNIGNLIDNGT ONIAEOA W
- - (GOHLIW WNEQ DNILSYO) SNON F11 [ SV1EW | 811]  GooD 000Ly_[s8a] Ge SEQ 72
05V [ NISTH SNIHOM 4 + g3gand a3zINyD INA INVLSIS3E LvaH ElL 3 VigW |81 ] G009 000Lv_ |G8e| St SE0Q [H
gy [ NIS3 INIHGN [ + u3gand G32INVO DA LNV.LSIS3E 1vaH 08 [ RCZEL VS SR 000y |G8E| 6¢ cE0 [
33 [ HIE90Y (3ZINVOINA INVLSISSY 1vaH Bl (3 “VISW_|8iL|  GoO9 000Lv 48] 9% ) Bl
05V [ NISTH SNON 14 + ¥388Nd G3ZINVDINA INVISISId Lv3H E1l 3 “Wiaw (a1 | dooo 000LF _|G8¢] G¢ g
- Gz RZEL] N [ SVIGW | 8L GooD 000Ly__ | 482 § L
[0 A NISTd SN0 + Hoeand G3ZINVO 1NA INVLSESE 1vad 11 [ WiGW | 8L1 | 800d Q0000E | 56 [
057 L NI SNISOM 14 + N3Ny U3ZINVD INA INVISISSY 1vaH 1L [ 1w |8l | wood 000L S5z| © 5
05V L NISTH JNIHOM 11 + HH0anY Ga2INVO 10A INVLSISIY 1vaH i3 52 RC2EL N K H00d 000Ly__ | 22 | bl Z0 bl
05V 5L NIS3H INIHONTL + 3B G3ZINVYOINA INV.LSISIH LV3IH (14 SC VLN H0O0d 00'Ly 8l "0 £l
05 [ NIS3d SNIHON 1 + Ha860g GIZINVO INA INVISISIE Lvan £l [ REL Q00D 008Y i 3 ] 7l
05V 08 NISF INHOM I + 33880 QIZINYD A INYLISISSY Lvad £ I3 IV.LIN [s{e]el3) 00’8 i I [
09V [ NS0 SNISON 14 + H366NY G3ZINVO INA INVISISaY 1vaH 3 5T RCAED] GOOD 0TsY i 3 o1
[ [ NiS30 ZNIEON 14 + U368y G3ZINVD INA INVLSIS=E LVaH g [ RN N G609 G577 | $8e] ¢ i3 3
05V [ NIS30 SN0 14 + Haaa(d GaZINVOINA INVISIS3E 1vaH [ 13N |8l G009 000Ly__|58¢| 52 [ [
08V [ NISEH SNIHOMT I + H3660Y G3ZINVO TNA INVLSISSE 1VaH 57 VIIW_| 8t 00D 000Z 682 G¢ 5¢ A
[ [ NIS3H SNIHOI 14 + 536Ny GIZINVO10A INVLSISSH LyaH ST VAN | er TO0D 000L S8G| G¢ - T7 9
05V [ NISTd INIJOIT 14 + taaand G3ZINvO 1NA INVISISas 1vaH [ V13N [ 8 400D 000Z 58| 51 X g
05V oL - 1108 NIS34 SN0 1 [ V1IN |8 q005 0004 S8 i ] 7
05V 3 NIS34 SN0 1 + B38E0 GIZINVOINA LNVLSISSY 1VaH I [ “TWidN |8 4009 000°L S8 i B
[ [ NISTH SNIHON 1 + Ha8Eng a27INva 1A INVLSISaH 1vaH 7 i V13N |8l | GooD GOGL TE [ % 0 z H
[ [ NS4 INIHOM 14 + HHGENY GIZINVOINA INVISISd 1vaH I 3 ViGN | 811 |  QooD 000°L o8Z| & [ T
() ? (T z8-1a
TI0H 40 IUNLYEIAWAL
seaNaivH | SSINHONOH IYRIELYN o SSINHONON VRV 2y | S04 oy o | 8w ol 18 v | cal
WTid 13w |HY N0 on
7104 ANOTAS 108 158 e 8§ [IAHALNG[ILYNOIIOYH[dA0YS TALZ0Y]
704 BNIT000 31V1A0Y 350101130 40 334030 NOILNILSENS

m | o Mm iFiavl



US 2010/0188619 Al

METHOD FOR PRODUCING
THERMOPLASTIC FILM AND OPTICAL
COMPENSATION FILM FOR LIQUID
CRYSTAL DISPLAY PANELS PRODUCED BY
USING THE METHOD

TECHNICAL FIELD

[0001] The present invention relates to a method for pro-
ducing a thermoplastic film, in particular, to a method for
producing a cellulose acylate film of quality suitably used for
liquid crystal displays.

BACKGROUND ART

[0002] Attempts have been made to realize a wider viewing
angle in liquid crystal display elements by using, as a retar-
dation film, a stretched cellulose acylate film in which in-
plane retardation (Re) and across-the-thickness retardation
(Rth) have been developed by stretching.

[0003] Methods of stretching such a cellulose acylate film
include: for example, a method in which a film is stretched
across the length (in the longitudinal direction) (longitudinal
stretching); a method in which a film is stretched across the
width (in the transverse direction) (transverse stretching); and
a method in which a film undergoes longitudinal stretching
and transverse stretching simultaneously (simultaneous
biaxial stretching). Of these methods, longitudinal stretching
has been often used because the equipment that this method
requires is compact. Longitudinal stretching is, in general, a
method in which a film is heated between two or more pairs of
nip rolls to its glass transition temperature (Tg) or higher and
the heated film is stretched across the length by controlling
the conveying speed of the nip rolls so that the speed of the nip
rolls on the outlet side is higher than that of the nip rollers on
the inlet side.

[0004] There is described in Japanese Patent Application
Laid-Open No. 2002-311240 a method of stretching cellulose
ester longitudinally. In this method, the direction of longitu-
dinal stretching is made opposite to the direction of casting
film formation, thereby improving the non-uniformity in the
slow axis angle. There is described in Japanese Patent Appli-
cation Laid-Open No. 2003-315551 a method in which
stretching is performed with pairs of nip rolls provided in
short spans, whose length-width ratio (/W) is 0.3 or more
and 2 or less, in the stretching zone. With this method; the
orientation across the thickness (Rth) can be improved. The
term “length-width ratio” herein used means the value of the
distance (L) between adjacent pairs of nip rolls used for
stretching divided by the width (W) of a cellulose acylate film
to be stretched.

DISCLOSURE OF THE INVENTION

[0005] When a un-stretched cellulose acylate film is pro-
duced by use of a melt film formation method, there is a
problem such that a cellulose acylate resin can hardly be
subjected to leveling because of its high melt viscosity. Con-
sequently, a cellulose acylate film produced by use of a melt
film formation method is involved in problems such that in the
film, streak defect tends to be generated and the thickness
precision tends to be degraded. Accordingly, there has been a
problem that stretching of a cellulose acylate film produced
by use of a melt film formation method results in generation
of the distributions of the retardations Re and Rth to inhibit
attaining high optical properties.

Jul. 29, 2010

[0006] The present inventors have focused their attention
on polishing roller method as a method for eliminating these
problems. The polishing roller method is a method to cool
resins extruded from a die while holding the resins with a pair
of polishing rollers. With this method, the occurrence of
streak defect can be prevented and thickness precision can be
improved.

[0007] The polishing roller method, however, poses a prob-
lem of being likely to cause residual strain in the resultant
film. This, in turn, gives rise to a problem of producing sig-
nificant stretch non-uniformity (stretch distribution) in the
film formed by this method, when the film is stretched. The
stretch non-uniformity results in retardation distribution,
which makes it impossible to obtain an optical film of high
quality.

[0008] The present invention has been made in the light of
the above described circumstances. Accordingly, an object of
the present invention is to provide a method for producing a
thermoplastic film, which can suppress the occurrence of
residual strain in the film caused by the polishing roller
method, to prevent the occurrence of stretch non-uniformity
in stretch operation and provide a film that has excellent
optical characteristics. Another object of the present inven-
tion is to provide an optical compensation film for liquid
crystal display panels which is produced using the above
described thermoplastic film.

[0009] According to a first aspect of the present invention,
to attain the aforementioned object, there is provided a
method for producing a thermoplastic film, characterized in
that the method comprises the steps of: forming a film by
extruding a molten thermoplastic resin from a die into a sheet
and cooling and solidifying the resin with a pair of rollers
holding the resin therebetween, the rollers which have an
arithmetic average surface roughness Ra of 100 nm or less
and at least one of which has a surface made up of aresin; and
stretching the film formed in the film forming step in at least
one of the longitudinal direction and the transverse direction.
[0010] According to the first aspect, the molten thermo-
plastic resin extruded from a die is cooled and solidified with
apair of rollers at least one of which has a surface made up of
a resin; thus, pressure force is applied to the plane of the
thermoplastic resin with the pair of rollers. Cooling the resin
while applying pressure force onto its entire face enables a
film with its inside free from residual strain to be formed. In
such a film, whose inside is free from residual strain, even if
it undergoes stretching, the occurrence of stretch non-unifor-
mity can be avoided. Further, according to the first aspect, the
producing method adopts polishing roller method; thus, the
occurrence of streak defect can be prevented, and besides, the
thickness precision can be improved. Thus, according to the
first aspect, a thermoplastic film can be produced which is
free from streak defect and has high thickness precision and a
narrow stretch distribution, and therefore, is suitably used as
an optical film.

[0011] According to a second aspect of the present inven-
tion, there is provided the method for producing a thermo-
plastic film according to the first aspect, characterized in that
the resin that makes up the surface of at least one of the rollers
is a fluorine resin or silicone resin. Using such a resin to make
up the surface of at least one of the pair of rollers enables the
application of pressure force to the plane of the molten resin
uniformly.

[0012] According to a third aspect of the present invention,
there is provided the method for producing a thermoplastic
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film according to the first or second aspect, characterized in
that the thermoplastic resin is a cellulose acylate resin. The
present invention is particularly effective in the producing of
a cellulose acylate film excellent in the development of retar-
dation.

[0013] According to a fourth aspect of the present inven-
tion, there is provided the method for producing a thermo-
plastic film according to the third aspect, characterized in that
the cellulose acylate resin has a molecular weight of 20000 to
80000 and a substitution degree of acyl groups satisfying the
following  expressions: 2.0=A+B=3.0, 0=A=20,
1.2=B<2.9 where A represents a substitution degree of an
acetyl group and B a total substitution degree of acyl groups
having 3 to 7 carbon atoms. The cellulose acylate film that
satisfies such a substitution degree is characterized by having
a low melting point, being easy to stretch, and excelling in
moisture resistance; thus, a stretched cellulose acylate film
can be obtained which is superior as a functional film such as
a retardation film for liquid crystal display devices.

[0014] According to a fifth aspect of the present invention,
there is provided the method for producing a thermoplastic
film according to any one of the first to fourth aspects, char-
acterized in that the film is stretched at a ratio of 1 to 2.5 in the
stretching step. If stretching is performed at a stretch ratio in
such a range, stretch non-uniformity can be further decreased.
[0015] According to a sixth aspect of the present invention,
there is provided according to any one of the first to fifth
aspects, characterized in that the film has a thickness of 30 to
300 pm, an in-plane retardation Re of 0 nm or more and 500
nm or less, and a retardation in the thickness direction Rth of
0 nm or more and 500 nm or less. A thermoplastic film
characterized as above can be produced by the above
described method.

[0016] According to a seventh and a eighth aspect of the
present invention, there is provided an optical compensation
film for liquid crystal display panels or a polarizer compris-
ing, as a substrate, a stretched film produced by the producing
method according to any one of the first to sixth aspects. The
stretched film produced by the producing method according
to any one of the first to sixth aspects has excellent optical
characteristics, and therefore, suitable for an optical compen-
sation film for liquid crystal display panels or a polarizer.
[0017] According to the present invention, the molten ther-
moplastic resin extruded from a die is cooled and solidified
with two rollers at least one of which has a surface made up of
aresin, while being held between the rollers; thus, the plane of
the thermoplastic resin undergoes pressure force of the rollers
whose surface is made up of a resin, when it is held between
the two rollers. This makes it possible to form a film free from
residual strain. Thus, a thermoplastic film can be produced
which is free from streak defect and has high thickness pre-
cision and a narrow stretch distribution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a block schematic diagram showing the
construction of film producing apparatus to which the present
invention is applied;

[0019] FIG. 2is a schematic view showing the construction
of an extruder; and

[0020] FIG. 3 is an illustration of examples of the present
invention.

DESCRIPTION OF SYMBOLS

[0021] 10 ... Film producing apparatus, 12 . . . Cellulose
acylate film, 14 . . . Film forming section, 16 . . . Longitudinal
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stretching section, 18 . . . Transverse stretching section, 20 . .
. Winding-up section, 22 . . . Extruder, 24 . . . Die, 26,28 . . .
Polishing rollers

BEST MODE FOR CARRYING OUT THE
INVENTION

[0022] In the following a preferred embodiment of the
method for producing a thermoplastic film of the present
invention will be described with reference to the accompany-
ing drawings. While this embodiment will be described in
terms of producing a cellulose acylate film as a thermoplastic
film, the present invention is not limited to this, but is appli-
cable to producing a saturated norbornene resin or polycar-
bonate resin.

[0023] FIG.1isaschematic diagram showing one example
of apparatus for producing a thermoplastic film. As shown in
FIG. 1, the producing apparatus 10 consists mainly of: a film
forming section 14 where an un-stretched cellulose acylate
film 12 is formed; a longitudinal stretching section 16 where
the cellulose acylate film 12 having been formed in the film
forming section 14 is stretched longitudinally; a transverse
stretching section 18 where the cellulose acylate film 12
having been stretched longitudinally is stretched trans-
versely; and a winding-up section 20 where the stretched
cellulose acylate film 12 is wound up.

[0024] In the film forming section 14, the cellulose acylate
resin having been melted in an extruder 22 is extruded in the
form of a sheet from a die 24 and cast on a rotating cooling
drum 26. The cellulose acylate film 12 having been cooled
and solidified by the cooling drum 26 is stripped from the
cooling drum 26 and then wound upon cooling drums 28, 30
in this order, thereby being cooled slowly. The cooled cellu-
lose acylate film 12 is then taken off by take-off rollers 31, fed
to the longitudinal stretching section 16 and transverse
stretching section 18 in this order to be stretched, and then
wound up in the wind-up section 20 into a roll. Thus, a
stretched cellulose acylate film 12 is produced. Each of the
above sections will be described in detail below. Next, the
film forming section 14 according to the present invention
will be described.

[0025] FIG. 2 shows a single-screw extruder 22. As shown
in FIG. 2, a single screw 38 including a screw shaft 34 and a
flight 36 is located in a cylinder 32, and a cellulose acylate
resin is fed to the cylinder 32 from a hopper not shown in the
figure via a feed opening 40. The inside of the cylinder 32
consists of: a feeding section where the cellulose acylate resin
fed through the feed opening 40 is transported is a fixed
amount (the area shown by character A); a compressing sec-
tion where the cellulose acylate resin is kneaded and com-
pressed (the area shown by character B); and a measuring
section where the kneaded and compressed cellulose acylate
resin is measured (the area shown by character C). The cel-
lulose acylate resin molten by the extruder 22 is continuously
fed to the die 24 from a discharge 42.

[0026] Thescrew compression ratio of the extruder 22 is set
10 2.5 t0 4.5 and L/D to 20 to 50. The term “screw compres-
sion ratio” herein used means the volume ratio of the feeding
section A to the measuring section C, in other words, the
volume per unit length of the feeding section A+the volume
per unit length of the measuring section C, and it is calculated
using the outside diameter d1 of the screw shaft 34 of the
feeding section A, the outside diameter d2 of the screw shaft
34 of the measuring section C, the diameter al of the flight
channel of the feeding section A and the diameter a2 of the
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flight channel of the measuring section C. The term “L/D”
herein used means the ratio of the length (L) to the inside
diameter (D) of the cylinder shown in FIG. 2. The extrusion
temperature (the outlet temperature of the extruder) is set to
19010 240° C. When the temperature inside the extruder 22 is
higher than 240° C., a refrigerator (not shown in the figure)
should be provided between the extruder 22 and the die 24.
[0027] The extruder 22 may be either a single-screw
extruder or a twin-screw extruder. However, if the screw
compression ratio is as low as less than 2.5, the thermoplastic
resin is not fully kneaded, thereby causing an unmolten part,
or the magnitude of heat evolution by shear stress is too small
to sufficiently fuse crystals, thereby making fine crystals
more likely to remain in the formed cellulose acylate film.
Furthermore, the cellulose acylate film is made more likely to
include air bubbles. Thus, in stretching of the cellulose acy-
late film 12, the remaining crystals inhibit the stretchability of
the film, whereby the degree of film orientation cannot be
sufficiently increased. Conversely, if the screw compression
ratio is as high as more than 4.5, the magnitude of heat
evolution by shear stress is so large that the resin becomes
more likely to deteriorate by heat, which makes the formed
cellulose acylate film more likely to yellow. Further, too large
shear stress causes molecule breakage, which results in
decrease in molecular weight, and hence in mechanical
strength of the film. Accordingly, to make the formed cellu-
lose acylate film less likely to yellow and less likely to break
in stretching, the screw compression ratio is preferably in the
range of 2.5 to 4.5, more preferably in the range 0of 2.8 t0 4.2,
and particularly preferably in the range of 3.0 to 4.0.

[0028] The L/D as low as less than 20 causes insufficient
melting or insufficient kneading, which makes fine crystals
more likely to remain in the formed cellulose acylate film, like
the case where the compression ratio is too low. Conversely,
the L/D as high as more than 50 makes too long the residence
time of the cellulose acylate resin in the extruder 22, which
makes the resin more likely to deteriorate. Too long a resi-
dence time may cause molecule breakage, which results in
decrease in molecular weight, and hence in mechanical
strength of the film. Accordingly, to make the formed cellu-
lose acylate film less likely to yellow and less likely to break
in stretching, the L/D is preferably in the range of 20 to 50,
more preferably in the range of 22 to 45, and particularly
preferably in the range of 24 to 40.

[0029] Ifthe extrusion temperature is as low as lower than
190° C., crystals are not sufficiently melted, which makes fine
crystals more likely to remain in the formed cellulose acylate
film. As a result, when stretching the cellulose acylate film,
the remaining crystals inhibit the stretchability of the film,
whereby the degree of film orientation cannot be sufficiently
increased. Conversely, if the extrusion temperature is as high
as higher than 240° C., the cellulose acylate resin deteriorates,
which causes the degree of yellow (YI value) to increase.
Accordingly, to make the formed cellulose acylate film less
likely to yellow and less likely to break in stretching, the
extrusion temperature is preferably in the range of 190° C. to
240° C., more preferably in the range of 195° C. to 235° C,,
and particularly preferably in the range of 200° C. to 230° C.
[0030] A cellulose acylate resin is melted using the extruder
22 constructed as above, and the molten resin is continuously
fed to the die 24 and discharged in the form of a sheet from the
leading edge (bottom end) of the die 24. The discharged
molten resin is fed between the pair of polishing rollers 26 and
28 (see FIG. 1).
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[0031] The pair of polishing rollers 26 and 28 are disposed
with a predetermined gap (for example, from 0.03 to 0.3 mm)
and are constructed so as to sandwich and pressurize the
molten resin at a linear pressure of 0.5 to 50 kg/cm.

[0032] Each of'the polishing rollers 26 and 28 has a surface
made of a metallic material, the surface is mirror finished or
nearly mirror finished, and the arithmetic average roughness
Ra of the surface is set at 100 nm or less, preferably at 50 nm
or less and more preferably at 25 nm or less. Each of the
polishing rollers 26 and 28 is constructed in such a way that
the surface temperature thereof can be controlled; for
example, circulation of a heating medium such as water
inside each of the polishing rollers 26 and 28 permits control-
ling the surface temperature thereof.

[0033] The pair of polishing rollers 26 and 28 each are
connected to a rotation driving device such as a motor, and are
made to rotate at approximately the same speed as the speed
of the molten resin discharged from the die 24 as found at a
position for the molten resin to touch one of the polishing
rollers 26 and 28.

[0034] Of the polishing rollers 26, 28, the polishing roller
26 is so formed that its diameter is smaller than that of the
other polishing roller 28 and its surface is made up of a resin.
The resin that makes up the surface of the polishing roller 26
is a material susceptible to elastic deformation, such as a
fluorine resin, silicone resin or a combination of heat-resist-
ing rubber and polytetrafluoroethylene, and its hardness is set
to A30 to 90 in accordance with JIS K-6253. The polishing
roller 26 may be produced, not limited to, by covering heat-
resisting silicone rubber with a fluorine resin tube by use of
heat shrinkage and abrading the same to a specified surface
roughness by buffing.

[0035] Theother polishing roller 28 is arranged such that its
surface is made up of a metal material so that the surface
temperature can be precisely controlled. The above described
die 24 is so arranged that its discharge opening is located a
little on the polishing roller 26 side relative to the gap between
the polishing rollers 26, 28.

[0036] Inthe film forming section 14 constructed as above,
the molten resin discharged from the die 24 forms a very little
bank between the pair of polishing rollers 26, 28, and this
molten resin is pressed by the pair of polishing rollers 26, 28,
while being held between them, and formed into a sheet with
its thickness being controlled. During this process, the pol-
ishing roller 26 made of a resin experiences elastic deforma-
tion by virtue of the reaction force of the molten resin,
whereby the plane of the molten resin undergoes pressure
force by the polishing roller 26. Residual strain can be pre-
vented from occurring in the film 12 by forming the film 12
between the polishing rollers 26, 28 while applying pressure
force in plane to the molten resin with the polishing rollers.
[0037] The film 12 having undergone pressure force by the
polishing rollers 26, 28 while being held between them is
wound around the polishing roller 28 made of metal and
cooled, stripped from the surface of the polishing roller 28,
and fed to the subsequent section, longitudinal stretching
section 16.

[0038] The stretching process in which the cellulose acy-
late film 12 formed in the film forming section 14 undergoes
stretching and is formed into a stretched cellulose acylate film
12 will be described below.

[0039] Stretching of the cellulose acylate film 12 is per-
formed so as to orient the molecules in the cellulose acylate
film 12 and develop the in-plane retardation (Re) and the
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retardation across the thickness (Rth) in the film. The retar-
dations Re and Rth are obtained from the following equa-
tions.

Re (nm)=|n(MD)-»n(TD)IxT (nm)

Rih (nm)={(n(MD)+n(ITD))/2}-n(TH)|xT (nm)

[0040] The characters, n(MD), n(TD) and n(TH), in the
above equations indicate the refractive indexes across the
length, across the width and across the thickness, respec-
tively, and the character T the thickness in nm.

[0041] As shown in FIG. 1, the cellulose acylate film 12 is
first stretched in the longitudinal direction in the longitudinal
stretching section 16. In the longitudinal stretching section
16, the cellulose acylate film 12 is preheated and the cellulose
acylate film 12 in the heated state wound around the two nip
rolls 30, 32. The nip roll 32 on the outlet side conveys the
cellulose acylate film 12 at higher conveying speeds than the
nip roll 30 on the inlet side, whereby the cellulose acylate film
12 is stretched in the longitudinal direction.

[0042] In the longitudinal stretching section 16, the pre-
heating temperature is preferably Tg-40° C. or higher and
Tg+60° C. or lower, more preferably Tg-20° C. or higher and
Tg+40° C. or lower, and furthermore preferably Tg or higher
and Tg+30° C. or lower. In the longitudinal stretching section
16, the stretching temperature is Tg or higher and Tg+60° C.
or lower, more preferably Tg+2° C. or higher and Tg+40° C.
or lower, and furthermore preferably Tg+5° C. or higher and
Tg+30° C. or lower. The longitudinal stretching magnifica-
tion is preferably 1.0 or more and 2.5 or less and further
preferably 1.1 or more and 2 or less.

[0043] The cellulose acylate film 12 having been stretched
longitudinally is fed to the transverse stretching section 18
where it is stretched across the width. In the transverse
stretching section 18, a tenter is suitably used. The tenter
stretches the cellulose acylate film 12 in the transverse direc-
tion while fastening both side ends of the film 12 with clips.
This transverse stretching can further increase the retardation
Rth.

[0044] The transverse stretching is preferably carried out
by use of the tenter, and the stretching temperature is prefer-
ably Tg or higher and Tg+60° C. or lower, more preferably
Tg+2° C. or higher and Tg+40° C. or lower, and furthermore
preferably Tg+4° C. or higher and Tg+30° C. or lower. The
stretching magnification is preferably 1.0 or more and 2.5 or
less and further preferably 1.1 or more and 2.0 or less. It is
preferable to carry out relief in any of the longitudinal and
transverse directions or in both directions after the transverse
stretching. Such relief can narrow the transverse distribution
of the phase retardation axis.

[0045] Preferably, such stretching provides a stretched cel-
lulose acylate film having: an in-plane retardation (Re) of 0
nm or more and 500 nm or less, more preferably 10 nm or
more and 400 nm or less and much more preferably 15 nm or
more and 300 nm or less; and a retardation across the thick-
ness (Rth) of 0 nm or more and 500 nm or less, more prefer-
ably 50 nm or more and 400 nm or less and much more
preferably 70 nm or more and 350 nm or less.

[0046] Of the stretched cellulose acylate films described
above, those satisfy the expression, Re=Rth, are more pref-
erable and those satisty the expression, Rex2 =Rth, are much
more preferable. To realize such a high Rth and a low Re, itis
preferable to stretch the cellulose acylate film having been
stretched longitudinally in the transverse direction (across the
width). Specifically, in-plane retardation (Re) represents the
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difference between the orientation in the longitudinal direc-
tion and the orientation in the transverse direction, and if the
stretching is performed not only in the longitudinal direction,
butin the transverse direction—the direction perpendicular to
the longitudinal direction, the difference between the orien-
tation in the longitudinal direction and the orientation in the
transverse direction can be decreased, and hence the in-plane
retardation (Re). And at the same time, stretching in both the
longitudinal and transverse directions increases the area mag-
nification, and therefore, the orientation across the thickness
increases with decrease in the thickness, which in turn
increases Rth.

[0047] Further, fluctuations in Re and Rth in the transverse
direction and the longitudinal direction depending on loca-
tions are kept preferably 5% or less, more preferably 4% or
less and much more preferably 3% or less.

[0048] According to the present embodiment as described
above, the cellulose acylate film 12 free from residual strain
can be produced in the film formation section 14, and the
cellulose acylate film 12 is subjected to stretching in the
longitudinal direction and the transverse direction by a factor
of 1.0 or more and 2.5 or less, so that a cellulose acylate film
12 free from stretching distribution can be produced.

[0049] The cellulose acylate film 12 having been stretched
is wound up in the form of a roll in the winding-up section 20
in FIG. 1. In this winding up, the winding-up tension of the
cellulose acylate film 12 is preferably set at 0.02 kg/mm? or
less. The winding-up tension set to fall within such a range
permits winding up of the stretched cellulose acylate film 12
without generating any retardation distribution in the
stretched cellulose acylate film 12.

[0050] Hereinafter, detailed description will be made on the
cellulose acylate resin suitable for the present invention, the
film formation method of the un-stretched cellulose acylate
film 12, and the processing method of the cellulose acylate
film 12, according to the sequence of procedures.

(Cellulose Acylate Resin)

[0051] Thecellulose acylate to be used in the present inven-
tion is preferably characterized as follows. Here, A represents
the substitution degree of the acetyl group and B represents
the total sum of the substitution degrees of the acyl groups
each having 3 to 7 carbon atoms.

2.0=4+B=3.0 formula (1)
0=A=2.0 formula (2)
1.2=B=29 formula (3)
[0052] In the cellulose acylate of the present invention, as

shown by the above formula (1), A+B is characterized by
satisfying the relation that A+B is from 2.0 to 3.0; A+B is
preferably from 2.4 to 3.0 and more preferably from 2.5 to
2.95. When A+B is less than 2.0, the hydrophilicity of the
cellulose acylate is increased and the moisture permeability
of the film is unpreferably increased.

[0053] It is to be noted that the numerical value range
defined by using “from” and “to” means that the range
includes the numerical value following “from” and the
numerical value following “to” as the lower and upper limits,
respectively.
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[0054] As shown by the above formula (2), A is character-
ized by satisfying the relation that A is from 0 to 2.0; A is
preferably from 0.05 to 1.8 and more preferably from 0.1 to
1.6.

[0055] As shown by the above formula (3), B is character-
ized by satisfying the relation that B is from 1.2 t0 2.9; B is
preferably from 1.3 to 2.9, more preferably from 1.4 to 2.9
and furthermore preferably from 1.5 to 2.9.

[0056] When the half or more of B is the propionyl group,
it is preferable that:

24=4+B=3.0

2.0=B=2.9;

when less than the half of B is the propionyl group, it is
preferable that:

24=4+B=3.0

1.3=B=2.5.

when the half or more of B is the propionyl group, it is further
preferable that:

2.5=4+B=2.95

24=B=2.09;

when less than the half of B is the propionyl group, it is further
preferable that:

2.5=4+B=2.95

14=B=2.0.

[0057] The present invention is characterized in that the
substitution degree of the acetyl group among the acyl groups
is made relatively smaller, and the total sum of the substitu-
tion degrees of the propionyl group, butyrate group, pen-
tanoyl group and hexanoyl group is made relatively larger.
Consequently, the variations of Re and Rth with time after
stretching can be made smaller. This is because by relatively
increasing the proportion of these groups longer than the
acetyl group, the flexibility of the film is improved and the
stretchability of the film is improved, so that the orientation of
the cellulose acylate molecules is made to be hardly disturbed
as the stretching is increased, and the variations of the thus
attained Re and Rth with time are decreased. On the other
hand, when the lengths of the acyl groups are made longer
than those of the groups cited above, unpreferably the glass
transition temperature (Tg) and the elasticity modulus are
degraded. Examples of preferred acyl groups with 3 to 7
carbon atoms, whose substitution degrees are represented by
B, include: propionyl, butyryl, 2-methyl-propionyl, pen-
tanoyl, 3-methyl-butyryl, 2-methyl-butyryl, 2,2-dimethyl-
propionyl (pivaloyl), hexanoyl, 2-methyl-pentanoyl, 3-me-
thyl-pentanoyl, 4-methyl-pentanoyl, 2,2-dimethyl-butyryl,
2,3-dimethyl-butyryl, 3,3-dimethyl-butyryl, cyclopentan-
ecarbonyl, heptanoyl, cyclohexanecarbonyl, and benzoyl.
More preferred acyl groups are propionyl, butyryl, pentanoyl,
hexanoyl, and benzoyl. Particularly preferred acyl groups are
propionyl and butyryl.

[0058] The fundamental principles of the method for syn-
thesizing these cellulose acylates are described by Migita et
al. in “Mokuzai Kagaku (Wood Chemistry),” pp. 180-190
(Kyoritsu Shuppan, 1968). A typical synthesis method is a
liquid phase acetylation method involving a carboxylic anhy-
dride, acetic acid and sulfuric acid as catalyst. Specifically, a
cellulose raw material such as cotton linter and wood pulp is
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pretreated with an appropriate amount of acetic acid, and then
subjected to esterification by placing the pretreated cellulose
raw material in a precooled liquid mixture for carboxylation
to thereby synthesize a perfect cellulose acylate (the sum of
the substitution degrees of the acyl groups at the 2-, 3- and
6-position amounting to almost 3.00). The liquid mixture for
carboxylation generally contains acetic acid as solvent, a
carboxylic anhydride as an esterifying agent and sulfuric acid
as catalyst. It is a common practice to use the carboxylic
anhydride in a stoichiometrically excess amount in relation to
the sum of the amount of the cellulose to be reacted with the
carboxylic anhydride and the amount of the moisture in the
reaction system. After completion of the acylation reaction,
an aqueous solution of a neutralizing agent (for example, the
carbonate, acetate or oxide of calcium, magnesium, iron,
aluminum or zinc) is added to hydrolyze the excessive car-
boxylic anhydride remaining in the reaction system and neu-
tralize a fraction of the esterification catalyst. Then, the
obtained perfect cellulose acylate is saponified and aged by
maintaining at from 50 to 90° C. in the presence of a small
amount of an acetylation catalyst (in general, the remaining
sulfuric acid) to thereby convert the perfect cellulose acylate
into a cellulose acylate having a desired substitution degree of
acyl and a desired polymerization degree. When the desired
cellulose acylate is obtained, the catalyst remaining in the
reaction system is completely neutralized by using such a
neutralizing agent as described above. Alternatively, the cel-
lulose acylate solution is poured, without being neutralized,
into water or a diluted sulfuric acid (or water or a diluted
sulfuric acid is poured into the cellulose acylate solution) to
separate the cellulose acylate; the separated cellulose acylate
is washed and subjected to a stabilization treatment to yield
the desired cellulose acylate.

[0059] The number average molecular weight of the cellu-
lose acylate to be preferably used in the present invention is
required to be from 20,000 to 80,000, preferably from 30,000
to 75,000 and further preferably from 40,000 to 70,000. When
the molecular weight is smaller than 20,000, the mechanical
properties of the film are insufficient, and unpreferably the
film tends to crack. On the other hand, when the molecular
weight is large to exceed 80,000, the melt viscosity at the time
of melt film formation unpreferably becomes too high.
[0060] The control of the average polymerization degree
can also be attained by removing low-molecular weight com-
ponents. When the low-molecular weight components are
removed, the average molecular weight (polymerization
degree) is increased, but the viscosity becomes lower than
those of common cellulose acylates; therefore the removal of
the low-molecular weight components is useful. The removal
of the low-molecular weight components can be carried out
by washing the cellulose acylate with an appropriate organic
solvent. Moreover, the molecular weight can also be con-
trolled by the polymerization method. For example, when a
cellulose acylate containing smaller amounts of low-molecu-
lar weight components is produced, the amount of the sulfuric
acid catalyst in the acetylation reaction is preferably con-
trolled to be from 0.5 to 25 parts by weight in relation to 100
parts by weight of the cellulose. The control of the amount of
the sulfuric acid catalyst to fall within this range makes it
possible to synthesize a cellulose acylate that is also satisfac-
tory from the viewpoint of the molecular weight distribution
(a cellulose acylate having a uniform molecular weight dis-
tribution).
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[0061] In the present invention, the weight average poly-
merization degree/number average polymerization degree of
cellulose acylate by GPC is preferably 2.0 to 5.0, more pref-
erably 2.2 to 4.5, and particularly preferably 2.4 to 4.0.
[0062] Further, inthe present invention, if the amount of the
residual sulfate group in the cellulose acylate is allowed to be
in the range of 0 to 100 ppm so that the heat stability of the
cellulose acylate is improved, the cellulose acylate is not
colored during the process of melt film formation, whereby a
highly transparent optical film of cellulose acylate can be
obtained.

[0063] These cellulose acylates may be used singly or as
mixtures of two or more thereof. Alternatively, a polymer
component other than the cellulose acylate may be optionally
mixed together. The polymer component to be mixed with the
cellulose acylate preferably has an excellent compatibility
with the cellulose acylate, and the film produced by mixing
the polymer component has a transmittance of preferably
80% or more, further preferably 90% or more and further-
more preferably 92% or more.

[0064] Inthe presentinvention, addition of a plasticizer can
preferably decrease the crystal melting point (Tm) of the
cellulose acylate, and can also preferably alleviate the varia-
tions of Re and Rth with time. This is because the addition of
a plasticizer hydrophobilizes the cellulose acylate, and can
thereby suppress the relaxation of the stretching orientation
ofthe cellulose acylate molecules due to water absorption. No
particular constraint is imposed on the molecular weight of
the plasticizer to be used, and the plasticizer may have a high
or low molecular weight. Examples of the plasticizer may
include phosphoric acid esters, alkyl phthalyl alkyl glyco-
lates, carboxylic acid esters and fatty acid esters of polyhydric
alcohols. The form of each of these plasticizers may be solid
or oily. In other words, no particular constraint is imposed on
the melting point or the boiling point of each of these plasti-
cizers. When the melt film formation is carried out, a non-
volatile plasticizer can be particularly preferably used.
[0065] Specific examples of the phosphoric acid ester may
include triphenyl phosphate, tributyl phosphate, tributoxy-
ethyl phosphate, tricresyl phosphate, trioctyl phosphate, tri-
naphthyl phosphate, trixylyl phosphate, tri-o-biphenyl phos-
phate, cresyl diphenyl phosphate, octyl diphenyl phosphate,
biphenyl diphenyl phosphate, and 1,4-phenylene tetraphenyl
phosphate. Alternatively, phosphoric acid ester plasticizers
described in the claims 3 to 7 of Japanese Patent Laid-Open
No. 6-501040 are also preferably used.

[0066] Examples ofthe alkyl phthalyl alkyl glycolates may
include methyl phthalyl methyl glycolate, ethyl phthalyl ethyl
glycolate, propyl phthalyl propyl glycolate, butyl phthalyl
butyl glycolate, octyl phthalyl octyl glycolate, methyl
phthalyl ethyl glycolate, ethyl phthalyl methyl glycolate,
ethyl phthalyl propyl glycolate, methyl phthalyl butyl glyco-
late, ethyl phthalyl butyl glycolate, butyl phthalyl methyl
glycolate, butyl phthalyl ethyl glycolate, propyl phthalyl
butyl glycolate, butyl phthalyl propyl glycolate, methyl
phthalyl octyl glycolate, ethyl phthalyl octyl glycolate, octyl
phthalyl methyl glycolate, and octyl phthalyl ethyl glycolate.
[0067] Examples ofthe carboxylic acid esters may include:
phthalates such as dimethyl phthalate, diethyl phthalate,
dibutyl phthalate, dioctyl phthalate and diethylhexyl phtha-
late; citrates such as acetyltrimethyl citrate, acetyltriethyl
citrate and acetyltributyl citrate; adipates such as dimethyl
adipate, dibutyl adipate, diisobutyl adipate, bis(2-ethylhexyl)
adipate, diisodecyl adipate, and bis(butyldiglycol) adipate;
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aromatic polycarboxylic acid esters such as tetraoctyl pyrom-
ellitate, trioctyl trimellitate; aliphatic polycarboxylic acid
esters such as dibutyl adipate, dioctyl adipate, dibutyl seba-
cate, dioctyl sebacate, diethyl azelate, dibutyl azelate and
dioctyl azelate; fatty acid esters of polyhydric alcohols such
as glycerin triacetate, diglycerin tetraacetate, acetylated glyc-
eride, monoglycerides and diglycerides. Additionally, butyl
oleate, methyl acetyl ricinoleate, dibutyl sebacate, triacetin
and the like are preferably used singly or in combinations.
[0068] Examples of the plasticizers may also include the
following high molecular weight plasticizers: aliphatic poly-
esters each composed of a glycol and a dibasic acid such as
polyethylene adipate, polybutylene adipate, polyethylene
succinate, and polybutylene succinate; aliphatic polyesters
each composed of an oxycarboxylic acid such as polylactic
acid and polyglycolic acid; aliphatic polyesters each com-
posed of a lactone such as polycaprolactone, polypropiolac-
tone and polyvalerolactone; and vinyl polymers such as poly-
vinyl pyrrolidone. As the plasticizer, these high molecular
weight plasticizers may be used singly or in combinations
with low molecular weight plasticizers.

[0069] Examples of polyhydric alcohol plasticizers may
include the following compounds that are satisfactory in com-
patibility with fatty acid esters of cellulose and exhibit
remarkable thermoplastic effect: glycerin ester compounds
such as glycerin esters and diglycerin esters; polyalkylene
glycols such as polyethylene glycol and polypropylene gly-
col; and those compounds in each of which a polyalkylene
glycol has acyl groups bonded to the hydroxy groups thereof.
[0070] Specific examples of glycerin esters include: not
limited to, glycerin diacetate stearate, glycerin diacetate
palmitate, glycerin diacetate mystirate, glycerin diacetate
laurate, glycerin diacetate caprate, glycerin diacetate nonan-
ate, glycerin diacetate octanoate, glycerin diacetate hep-
tanoate, glycerin diacetate hexanoate, glycerin diacetate pen-
tanoate, glycerin diacetate oleate, glycerin acetate dicaprate,
glycerin acetate dinonanate, glycerin acetate dioctanoate,
glycerin acetate diheptanoate, glycerin acetate dicaproate,
glycerin acetate divalerate, glycerin acetate dibutyrate, glyc-
erin dipropionate caprate, glycerin dipropionate laurate, glyc-
erin dipropionate mystirate, glycerin dipropionate palmitate,
glycerin dipropionate stearate, glycerin dipropionate oleate,
glycerin tributyrate, glycerin tripentanoate, glycerin mono-
palmitate, glycerin monostearate, glycerin distearate, glyc-
erin propionate laurate, and glycerin oleate propionate. Either
any one of these glycerin esters alone or two or more of them
in combination may be used.

[0071] Of'these examples, preferable are glycerin diacetate
caprylate, glycerin diacetate pelargonate, glycerin diacetate
caprate, glycerin diacetate laurate, glycerin diacetate
myristate, glycerin diacetate palmitate, glycerin diacetate
stearate, and glycerin diacetate oleate.

[0072] Specific examples of diglycerin esters include: not
limited to, mixed acid esters of diglycerin, such as diglycerin
tetraacetate, diglycerin tetrapropionate, diglycerin tetrabu-
tyrate, diglycerin tetravalerate, diglycerin tetrahexanoate,
diglycerin tetraheptanoate, diglycerin tetracaprylate, diglyc-
erin tetrapelargonate, diglycerin tetracaprate, diglycerin
tetralaurate, diglycerin tetramystyrate, diglycerin tetramyri-
stylate, diglycerin tetrapalmitate, diglycerin triacetate propi-
onate, diglycerin triacetate butyrate, diglycerin triacetate val-
erate, diglycerin triacetate hexanoate, diglycerin triacetate
heptanoate, diglycerin triacetate caprylate, diglycerin triac-
etate pelargonate, diglycerin triacetate caprate, diglycerin tri-
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acetate laurate, diglycerin triacetate mystyrate, diglycerin tri-
acetate, palmitate, diglycerin triacetate stearate, diglycerin
triacetate oleate, diglycerin diacetate dipropionate, diglyc-
erin diacetate dibutyrate, diglycerin diacetate divalerate, dig-
lycerin diacetate dihexanoate, diglycerin diacetate dihep-
tanoate, diglycerin diacetate dicaprylate, diglycerin diacetate
dipelargonate, diglycerin diacetate dicaprate, diglycerin diac-
etate dilaurate, diglycerin diacetate dimystyrate, diglycerin
diacetate dipalmitate, diglycerin diacetate distearate, diglyc-
erin diacetate dioleate, diglycerin acetate tripropionate, dig-
lycerin acetate tributyrate, diglycerin acetate trivalerate, dig-
lycerin acetate trihexanoate, diglycerin acetate triheptanoate,
diglycerin acetate tricaprylate, diglycerin acetate tripelargo-
nate, diglycerin acetate tricaprate, diglycerin acetate trilau-
rate, diglycerin acetate trimystyrate, diglycerin acetate
trimyristylate, diglycerin acetate tripalmitate, diglycerin
acetate tristearate, diglycerin acetate trioleate, diglycerin lau-
rate, diglycerin stearate, diglycerin caprylate, diglycerin
myristate, and diglycerin oleate. Either any one of these dig-
lycerin esters alone or two or more of them in combination
may be used.

[0073] Of these examples, diglycerin tetraacetate, diglyc-
erin tetrapropionate, diglycerin tetrabutyrate, diglycerin tet-
racaprylate and diglycerin tetralaurate are preferably used.
[0074] Specific examples of polyalkylene glycols include:
not limited to, polyethylene glycols and polypropylene gly-
cols having an average molecular weight of 200 to 1000.
Either any one of these examples or two of more of them in
combination may be used.

[0075] Specific examples of compounds in which an acyl
group is bound to the hydroxyl group of polyalkylene glycol
include: not limited to, polyoxyethylene acetate, polyoxyeth-
ylene propionate, polyoxyethylene butyrate, polyoxyethyl-
ene valerate, polyoxyethylene caproate, polyoxyethylene
heptanoate, polyoxyethylene octanoate, polyoxyethylene
nonanate, polyoxyethylene caprate, polyoxyethylene laurate,
polyoxyethylene myristylate, polyoxyethylene palmitate,
polyoxyethylene stearate, polyoxyethylene oleate, polyoxy-
ethylene linoleate, polyoxypropylene acetate, polyoxypropy-
lene propionate, polyoxypropylene butyrate, polyoxypropy-
lene valerate, polyoxypropylene caproate, polyoxypropylene
heptanoate, polyoxypropylene octanoate, polyoxypropylene
nonanate, polyoxypropylene caprate, polyoxypropylene lau-
rate, polyoxypropylene myristylate, polyoxypropylene
palmitate, polyoxypropylene stearate, polyoxypropylene ole-
ate, and polyoxypropylene linoleate. Either any one of these
examples or two or more of them in combination may be used.
[0076] The addition amount of the plasticizer is preferably
from 0 to 20% by weight, more preferably from 2 to 18% by
weight and most preferably from 4 to 15% by weight.
[0077] When the addition amount of the plasticizer exceeds
20% by weight, the thermal fluidity of the cellulose acylate
becomes satisfactory, but the plasticizer sometimes bleeds
from the surface of a film made by melt film formation, or the
glass transition temperature Tg as an indicator of the heat
resistance is lowered.

[0078] Inthe present invention, if needed, as the stabilizers
for inhibiting thermal degradation and coloration, phosphite
compounds, phosphorous acid ester compounds, phosphates,
thiophosphates, weak organic acids, epoxy compounds and
the like may be added singly or as mixtures of two or more
thereof, within such ranges that do not impart the required
performances. Specific examples of more preferably usable
phosphite stabilizers may include the compounds described
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in the paragraphs from [0023] to [0039] in Japanese Patent
Laid-Open No. 2004-182979. Specific examples of usable
phosphorous acid ester stabilizers may include the com-
pounds described in Japanese Patent Laid-Open Nos.
51-70316, 10-306175, 57-78431, 54-157159 and 55-13765.
[0079] The addition amount of the stabilizer in the present
invention is preferably from 0.005 to 0.5% by weight, more
preferably from 0.01 to 0.4% by weight, and furthermore
preferably from 0.05 to 0.3% by weight, in relation to the
cellulose acylate. When the addition amount is less than
0.005% by weight, unpreferably the effects of inhibiting deg-
radation and suppressing coloration in the melt film forma-
tion are insufficient. On the other hand, when the addition
amount exceeds 0.5% by weight, unpreferably the stabilizer
bleeds from the surface of the cellulose acylate film formed
by melt film formation.

[0080] Degradation inhibitors and antioxidants are also
preferably added. Synergetic effects of inhibiting degradation
and oxidation are displayed by adding, as degradation inhibi-
tors or antioxidants, phenolic compounds, thioether com-
pounds, phosphorus compounds and the like. Further,
examples of preferably usable stabilizers may include the
materials described in detail in Hatsumei Kyokai Kokai Giho
(Ko-Gi No. 2001-1745; published date: Mar. 15, 2001; Hat-
sumei Kyokai) pp. 17-22.

[0081] The cellulose acylate of the present invention is
characterized by including ultraviolet protecting agents, and
may be added with one or more ultraviolet absorbers. Ultra-
violet absorbers for liquid crystal are preferably excellent in
absorbing ability for the ultraviolet light of 380 nm or less in
wavelength from the viewpoint of inhibiting degradation of
liquid crystal, and low in absorbing ability for the visible light
0f'400 nm or more in wavelength from the view point of liquid
crystal display quality. Examples of such ultraviolet absorb-
ers may include oxybenzophenone compounds, benzotriaz-
ole compounds, salicylic acid ester compounds, benzophe-
none compounds, cyanoacrylate compounds and nickel
complex compounds. Particularly preferred ultraviolet
absorbers are benzotriazole compounds and benzophenone
compounds. Among these, benzotriazole compounds are
preferable because of being low in undesirable coloration for
the cellulose acylate.

[0082] Examples of preferable ultraviolet protecting agents
may include: 2,6-di-tert-butyl-p-cresol, pentaerythrityl-tet-
rakis-[3-(3,5-di-tert-butyl-4-hydroxyphenyl)  propionate],
triethyleneglycol-bis[3-(3-tert-butyl-5-methyl-4-hydrox-
yphenyl) propionate], 1,6-hexanediol-bis-[3-(3,5-di-tert-bu-
tyl-4-hydroxyphenyl) propionate], 2,4-bis-(n-octylthio)-6-
(4-hydroxy-3,5-di-tert-butylanilino)-1,3,5-triazine, 2,2-thio-
diethylenebis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propionate], octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphe-
nyl) propionate, N,N'-hexamethylenebis(3,5-di-tert-butyl-4-
hydroxy-hydrocinnamide), 1,3,5-trimethyl-2.4,6-tris(3,5-di-
tert-butyl-4-hydroxybenzyl)benzene, and tris-(3,5-di-tert-
butyl-4-hydroxybenzyl)-isocyanurate.

[0083] Further examples of preferable ultraviolet protect-
ing agents may include: 2-(2'-hydroxy-5'-methylphenyl)ben-
zotriazole, 2-(2'-hydroxy-3',5'-di-tert-butylphenyl)benzot-
riazole, 2-(2'-hydroxy-3'-tert-butyl-5'-methylphenyl)
benzotriazole,  2-(2'-hydroxy-3',5"-di-tert-butylphenyl)-5-
chlorobenzotriazole, 2-(2'-hydroxy-3'-(3",4",5",6"-
tetrahydrophthalimidemethyl)-5'-methylphenyl)
benzotriazole, 2,2-methylenebis(4-(1,1,3,3-
tetramethylbutyl)-6-(2H-benzotriazol-2-yl)phenol,  2-(2'-
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hydroxy-3'-tert-butyl-5'-methylphenyl)-5-chlorobenzotriaz-
ole, 2-(2H-benzotriazol-2-y1)-6-(straight chain and branched
dodecyl)-4-methylphenol, and a mixture composed of octyl-
3-[3-tert-butyl-4-hydroxy-5-(chloro-2H-benzotriazol-2-yl)
phenyl] propionate and 2-ethylhexyl-3-[3-tert-butyl-4-hy-
droxy-5-(5-chloro-2H-benzotriazol-2-yl)phenyl]
propionate. Additionally, examples of preferably usable
ultraviolet absorbers may also include polymer ultraviolet
absorbers and polymer-type ultraviolet absorbers described
in Japanese Patent Laid-Open No. 6-148430.

[0084] Also preferable are 2,6-di-tert-butyl-p-cresol, pen-
taerythrityl-tetrakis-[3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propionate], and triethyleneglycol-bis[3-(3-tert-butyl-5-me-
thyl-4-hydroxyphenyl) propionate]. Hydrazine metal deacti-
vators such as N,N'-bis[3-(3,5-di-tert-butyl-4-hydroxyphe-
nyl)propionyl] hydrazine and phosphorus-containing
processing stabilizers such as tris(2,4-di-tert-butylphenyl)
phosphite may also be used in combination. The addition
amounts of these compounds are, in terms of mass ratio,
preferably from 1 ppm to 3.0% and more preferably from 10
ppm to 2% in relation to the cellulose acylate.

[0085] For the above described ultraviolet absorbers, the
following usable products are commercially available: ben-
zotriazole ultraviolet absorbers such as Tinuvin P, Tinuvin
234, Tinuvin 320, Tinuvin 326, Tinuvin 327 and Tinuvin 328
(Ciba Specialty Chemicals), and Sumisoap 340 (Sumitomo
Chemical); benzophenone ultraviolet absorbers such as Sea-
soap 100, Seasoap 101, Seasoap 101S, Seasoap 102 and
Seasoap 103 (Sipro Kasei), Adekas Type LA-51 (Asahi
Denka), Chemisoap 111 (Chemipro Kasei) and Uvinul D-49
(BASF); oxalic acid anilide ultraviolet absorbers such as
Tinuvin 312 and Tinuvin 315 (Ciba Specialty Chemicals);
salicylic acid ultraviolet absorbers such as Seasoap 201 and
Seasoap 202 (Sipro Kasei); and cyanoacrylate ultraviolet
absorbers such as Seasoap 501 (Sipro Kasei) and Uvinul
N-539 (BASF).

[0086] Further, there may be added various additives (for
example, optical anisotropy controlling agents, fine particu-
late materials, infrared absorbers, surfactants, and odor trap-
ping agents (amines and the like)). Examples of the usable
infrared absorbers may include the infrared absorbing dyes
described in Japanese Patent Laid-Open No. 2001-194522,
each of these infrared absorbers being contained preferably in
a content of 0.001 to 5% by mass in relation to the cellulose
acylate. Fine particulate materials made of metal oxides or
cross-linked polymers can be used; such materials of 5 to
3000 nm in average particle size are preferably used and are
preferably contained in a content of 0.001 to 5% by mass in
relation to cellulose acylate. Examples of the usable optical
anisotropy controlling agents may include those described in
Japanese Patent Laid-Open Nos. 2003-66230 and 2002-
49128; such an agent is preferably contained in a content of
0.1 to 15% by mass in relation to the cellulose acylate.

(Melt Film Formation)

(1) Drying

[0087] The cellulose acylate resin may be used as itis in a
state of a powder, but a pelletized cellulose acylate resin is
more preferably used for the purpose of suppressing the
thickness variation of the formed film.

[0088] The cellulose acylate resin is made to have a mois-
ture content of 1% or less, more preferably 0.5% or less and
furthermore preferably 0.1% or less, and then placed in the
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hopper equipped with the extruder, when the temperature of
the hopper is set preferably at Tg-50° C. or higher and
Tg+30° C. or lower, more preferably at Tg—40° C. or higher
and Tg+10° C. or lower, and furthermore preferably at
Tg-30° C. or higher and Tg or lower. The reabsorption of the
moisture in the hopper is thereby suppressed to make it pos-
sible to easily attain the efficiency of the above described
drying. Further, it is also more preferable to blow dehumidi-
fied air or an inert gas (for example, nitrogen) into the hopper.

(2) Kneading and Extruding

[0089] The dried cellulose acylate resin is kneaded to be
melted preferably at 190° C. or higher and 240° C. or lower,
more preferably at 195° C. or higher and 235° C. or lower, and
furthermore preferably 200° C. or higher and 230° C. or
lower. In this case, melting may be carried out at a constant
melting temperature, or at several separately controlled tem-
peratures. The kneading time is preferably 2 minutes or more
and 60 minutes or less, more preferably 3 minutes or more and
40 minutes or less, and furthermore preferably 4 minutes or
more and 30 minutes or less. Additionally, the kneading and
melting are carried out preferably in a flow of an inert gas
(nitrogen or the like) introduced into the extruder, or prefer-
ably under vacuum evacuation with an extruder equipped
with a vent.

(3) Cast

[0090] The molten cellulose acylate resin is made to pass
through gear pump to dampen the pulsation due to the
extruder 11, then subjected to filtration with a metal mesh
filter or the like, and is extruded in the form of a sheet from a
T-shaped die 12, disposed at a position downstream of the
filter, onto the cooling drum 14. The extrusion may be carried
out in a single layer mode, or may be carried out in a multi-
layer mode with a multi-manifold die or a feed block die. In
the extrusion, by controlling the interval between the lips of
the die 12, the transverse thickness nonuniformity can be
controlled.

[0091] After that, the filtered cellulose acylate resin is
extruded on the surface of the cooling drum 14. This opera-
tion was carried out by touch roll method. It is necessary to
carry out solidification and cooling of the resin with a pair of
rollers holding the resin therebetween, the rollers which have
an arithmetic average surface roughness Ra of 100 nm or less
and at least one of which has a surface made up of aresin. Use
of cooling rolls having an arithmetic average surface rough-
ness Ra of more than 100 nm is not preferable, because it
causes the deterioration of the resultant film transparency.
Preferably the arithmetic average surface roughness. Ra is 50
nm or less and more preferably 25 nm. Further, it is necessary
to make up the surface of at least one of the rolls of a resin, a
fluorine resin or silicone resin. The use of a resin other than a
fluorine or silicone resin is not preferable, because it makes
the molten resin less strippable from the roller when carrying
out melt film forming. The hardness of the resin roll needs to
be A30 to 90 on the basis of measurement in accordance with
JIS-K 6253. If the resin roll is too hard, the contact area
between the rolls is too small, which results in causing larger
residual strain in the sheet when cooling is carried out while
holding the sheet between the rolls. Conversely, if the resin
roll is too soft, undesirably surface characteristics of the
resultant film tend to be poor.
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[0092] Thereafter, the molten cellulose acylate is extruded
onto the cooling drum 14, wherein the touch roll method or
the like is used. The temperature of the cooling drum 14 is
preferably 60° C. or higher and 160° C. or lower, more pref-
erably 70° C. or higher and 150° C. or lower, and furthermore
preferably 80° C. or higher and 140° C. or lower. Then, the
sheet is peeled from the cooling drum 14, treated with niprolls
22 and 24 and with a tenter, and wound up. The winding-up
speed is preferably 10 m/min or more and 100 m/min or less,
more preferably 15 m/min or more and 80 m/min or less, and
furthermore preferably 20 m/min or more and 70 m/min less.
[0093] The width of the formed film is preferably 1 m or
more and 5 m or less, more preferably 1.2 m or more and 4 m
or less, and furthermore preferably 1.3 m or more and 3 m or
less. The thickness of the un-stretched cellulose acylate film
thus obtained is preferably 30 um or more and 400 pm or less,
more preferably 40 um or more and 300 um or less, and
furthermore preferably 50 um or more and 200 pm or less.
[0094] The cellulose acylate film 12 thus obtained is
trimmed on both edges, and preferably once wound up by a
winder 40. The portion removed by trimming is pulverized,
and if needed, granulated, depolymerized/repolymerized,
and thereafter may be recycled as a raw materials for the same
type of cellulose acylate films or different types of cellulose
acylate films. It is also preferable from the viewpoint of
preventing flaws that before winding up, at least one side of
the cellulose acylate film is covered with a lami-film.

[0095] The glass transition temperature (Tg) of the cellu-
lose acylate film thus obtained is preferably 70° C. or higher
and 180° C. or lower, more preferably 80° C. or higher and
160° C. or lower, and furthermore preferably 90° C. or higher
and 150° C. or lower.

(Processing of Cellulose Acylate Films)

[0096] The cellulose acylate film formed by use of the
above described method is stretched uniaxially or biaxially by
use of the above described method to produce a stretched
cellulose acylate film. This film may be used alone, in com-
bination with a polarizing plate, with a liquid crystal layer or
a layer controlled in refractive index (low reflection layer)
disposed thereon, or with a hard coat layer disposed thereon.
These uses are achieved by the following process.

(1) Surface Treatment

[0097] Surface treatment of the cellulose acylate film
improves the adhesion thereof to various functional layers
(for example, a primer layer or a back layer). For that purpose,
for example, there can be used the glow discharge treatment,
the ultraviolet irradiation treatment, the corona treatment, the
flame treatment or the acid or alkali treatment. The glow
discharge treatment as referred to herein may use a low tem-
perature plasma to occur under a low pressure gas of 107 to
1072° Torr, or is preferably a plasma treatment under atmo-
spheric pressure. The plasma excitation gas means a gas
undergoing plasma excitation under such conditions as above
described; examples of such gas may include argon, helium,
neon, krypton, xenon, nitrogen, carbon dioxide, chlorofluo-
rocarbons such as tetrafluoromethane and mixtures thereof.
These gases are described in detail in Hatsumei Kyokai Kokai
Giho (Ko-Gi No. 2001-1745; published date: Mar. 15, 2001;
Hatsumei Kyokai) pp. 30-32. In a plasma treatment under
atmospheric pressure, recently attracting attention, there is
used an irradiation energy of 20 to 500 kGy under from 10 to
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1000 keV, and more preferably from 20 to 300 kGy under
from 30 to 500 keV. Particularly preferred among these treat-
ments is the alkali saponification treatment.

[0098] Alkali saponification may be carried out by immers-
ing the film in a saponifying solution or by coating the film
with a saponifying solution. The saponification by immersion
can be achieved by allowing the film to pass through a bath, in
which an aqueous solution of NaOH or KOH with pH of 10 to
14 has been heated to 20° C. to 80° C., over 0.1 to 10 minutes,
neutralizing the same, water-washing the neutralized film,
followed by drying.

[0099] The saponification by coating can be carried out
using a coating method such as dip coating, curtain coating,
extrusion coating, bar coating or E-coating. A solvent for
alkali-saponification solution is preferably selected from sol-
vents that allow the saponifying solution to have excellent
wetting characteristics when the solution is applied to a trans-
parent substrate; and allow the surface of a transparent sub-
strate to be kept in a good state without causing irregularities
on the surface. Specifically, alcohol solvents are preferable,
and isopropyl alcohol is particularly preferable. An aqueous
solution of surfactant can also be used as a solvent. As an
alkali for the alkali-saponification coating solution, an alkali
soluble in the above described solvent is preferable, and KOH
or NaOH is more preferable. The pH of the alkali-saponifi-
cation coating solution is preferably 10 or more and more
preferably 12 or more. Preferably, the alkali saponification
reaction is carried at room temperature for 1 second or longer
and 5 minutes or shorter, more preferably for 5 seconds or
longer and 5 minutes or shorter, and particularly preferably
for 20 seconds or longer and 3 minutes or shorter. It is pref-
erable to wash the saponifying solution-coated surface with
water or an acid and wash the surface with water again after
the alkali saponification reaction. The coating-type saponifi-
cation and the removal of orientation layer described later can
be performed continuously, whereby the number of the manu-
facturing steps can be decreased. The details of these saponi-
fying processes are described in, for example, Japanese
Patent Application Laid-Open No. 2002-82226 and WO
02/46809.

[0100] To improve the adhesion of the un-stretched or
stretched cellulose acylate film to each functional layer, it is
preferable to provide an undercoat layer on the cellulose
acylate film. The undercoat layer may be provided after car-
rying out the above described surface treatment or without the
surface treatment. The details of the undercoat layers are
described in Journal of Technical Disclosure (Laid-Open No.
2001-1745, issued on Mar. 15, 2001, by Japan Institute of
Invention and Innovation), 32.

[0101] These surface-treatment step and under-coat step
can be incorporated into the final part ofthe film forming step,
or they can be performed independently, or they can be per-
formed in the functional-layer providing process.

(10) Providing Functional Layer

[0102] Preferably, the stretched and un-stretched cellulose
acylate films of the present invention are combined with any
one of the functional layers described in detail in Journal of
Technical Disclosure (Laid-Open No. 2001-1745, issued on
Mar. 15, 2001, by Japan. Institute of Invention and Innova-
tion), 32-45. Particularly preferable is providing a polarizing
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layer (polarizer), optical compensation layer (optical com-
pensation film), antireflection layer (antireflection film) or
hard coat layer.

(1) Providing Polarizing Layer (Preparation of Polarizer).
[Materials Used for Polarizing Layer]

[0103] At the present time, generally, commercially avail-
able polarizing layers are prepared by immersing stretched
polymer in a solution of iodine or a dichroic dye in a bath so
that the iodine or dichroic dye penetrates into the binder.
Coating-type of polarizing films, represented by those manu-
factured by Optiva Inc., are also available as a polarizing film.
Iodine or a dichroic dye in the polarizing film develops polar-
izing properties when its molecules are oriented in a binder.
Examples of dichroic dyes applicable include: azo dye, stil-
bene dye, pyrazolone dye, triphenylmethane dye, quinoline
dye, oxazine dye, thiazine dye and anthraquinone dye. The
dichroic dye used is preferably water-soluble. The dichroic
dye used preferably has a hydrophilic substitute (e.g. sulfo,
amino, or hydroxyl). Example of such dichroic dyes includes:
compounds described in Journal of Technical Disclosure,
Laid-Open No. 2001-1745, 58, (issued on Mar. 15, 2001, by
Japan Institute of Invention and Innovation).

[0104] Any polymer which is crosslinkable in itself or
which is crosslinkable in the presence of a crosslinking agent
can be used as a binder for polarizing films. And more than
one combination thereof can also be used as a binder.
Examples of binders applicable include: compounds
described in Japanese Patent Application Laid-Open No.
8-338913, column [0022], such as methacrylate copolymers,
styrene copolymers, polyolefin, polyvinyl alcohol and dena-
tured polyvinyl alcohol, poly(N-methylolacrylamide), poly-
ester, polyimide, vinyl acetate copolymer, carboxymethylcel-
lulose, and polycarbonate. Silane coupling agents can also be
used as a polymer. Preferable are water-soluble polymers
(e.g. poly(N-methylolacrylamide), carboxymethylcellulose,
gelatin, polyvinyl alcohol and denatured polyvinyl alcohol),
more preferable are gelatin, polyvinyl alcohol and denatured
polyvinyl alcohol, and most preferable are polyvinyl alcohol
and denatured polyvinyl alcohol. Use of two kinds of poly-
vinyl alcohol or denatured polyvinyl alcohol having different
polymerization degrees in combination is particularly prefer-
able. The saponification degree of polyvinyl alcohol is pref-
erably 70 to 100% and more preferably 80 to 100%. The
polymerization degree of polyvinyl alcohol is preferably 100
to 5000. Details of denatured polyvinyl alcohol are described
in Japanese Patent Application Laid-Open Nos. 8-338913,
9-152509 and 9-316127. For polyvinyl alcohol and denatured
polyvinyl alcohol, two or more kinds may be used in combi-
nation.

[0105] Preferably, the minimum of the binder thickness is
10 um. For the maximum of the binder thickness, from the
viewpoint of light leakage of liquid crystal displays, prefer-
ably the binder has the smallest possible thickness. The thick-
ness of the binder is preferably equal to or smaller than that of
currently commercially available polarizer (about 30 um),
more preferably 25 pum or smaller, and much more preferably
20 pm or smaller.

[0106] The binder for polarizing films may be crosslinked.
Polymer or monomer that has a crosslinkable functional
group may be mixed into the binder. Or a crosslinkable func-
tional group may be provided to the binder polymer itself.
Crosslinking reaction is allowed to progress by use of light,
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heat or pH changes, and a binder having a crosslinked struc-
ture can be formed by crosslinking reaction. Examples of
crosslinking agents applicable are described in U.S. Pat. (Re-
issued) No. 23297. Boron compounds (e.g. boric acid and
borax) may also be used as a crosslinking agent. The amount
of'the crosslinking agent added to the binder is preferably 0.1
to 20% by mass of the binder. This allows polarizing devices
to have good orientation characteristics and polarizing films
to have good damp heat resistance.

[0107] The amount of the unreacted crosslinking agent
after completion of the crosslinking reaction is preferably
1.0% by mass or less and more preferably 0.5% by mass or
less. Restraining the unreacted crosslinking agent to such an
amount improves the weatherability of the binder.

[Stretching of Polarizing Film]

[0108] Preferably, a polarizing film is dyed with iodine or a
dichroic dye after undergoing stretching (stretching process)
or rubbing (rubbing process).

[0109] In the stretching process, preferably the stretching
magnification is 2.5 to 30.0 and more preferably 3.0 to 10.0.
Stretching can be dry stretching, which is performed in the air.
Stretching can also be wet stretching, which is performed
while immersing a film in water. The stretching magnification
in the dry stretching is preferably 2.5 to 5.0, while the stretch-
ing magnification in the wet stretching is preferably 3.0 to
10.0. Stretching may be performed parallel to the MD direc-
tion (parallel stretching) or in an oblique (oblique stretching).
These stretching operations may be performed at one time or
in several installments. Stretching can be performed more
uniformly even in high-ratio stretching if it is performed in
several installments.

(1) Parallel Stretching Method

[0110] Prior to stretching, a PVA film is swelled. The
degree of swelling is 1.2 to 2.0 (ratio of mass before swelling
to mass after swelling). After this swelling operation, the PVA
film is stretched in a water-based solvent bath or in a dye bath
in which a dichroic substance is dissolved at a bath tempera-
ture of 15 to 50° C., preferably 17 to 40° C. while continu-
ously conveying the film via a guide roll etc. Stretching can be
accomplished in such a manner as to grip the PVA film with 2
pairs of nip rolls and control the conveying speed of nip rolls
so that the conveying speed of the latter pair of nip rolls is
higher than that of the former pair of nip rolls. The stretching
magnification is based on the length of PVA film after stretch-
ing/the length of the same in the initial state ratio (hereinafter
the same), and from the viewpoint of the above described
advantages, the stretching magnification is preferably 1.2 to
3.5 and more preferably 1.5 to 3.0. After this stretching opera-
tion, the film is dried at 50° C. to 90° C. to obtain a polarizing
film.

(II) Oblique Stretching Method

[0111] Oblique stretching can be performed by the method
described in Japanese Patent Application Laid-Open No.
2002-86554 in which a tenter that projects on a tilt is used.
This stretching is performed in the air; therefore, it is neces-
sary to allow a film to contain water so that the film is easy to
stretch. Preferably, the water content in the film is 5% or
higher and 100% or lower, the stretching temperature is 40°
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C. or higher and 90° C. or lower, and the humidity during the
stretching operation is preferably 50% rh or higher and 100%
rh or lower.

[0112] Instretching, the temperature is preferably 40° C. or
higher and 90° C. or lower and more preferably 50° C. or
higher and 80° C. or lower, the humidity is preferably 50% rh
or more and 100% rh or less, more preferably 70% rh or more
and 100% rh or less, and furthermore preferably 80% rh or
more and 100% rh or less. The longitudinal traveling speed is
preferably 1 m/min or more and more preferably 3 m/min or
more. Subsequently to stretching, drying is carried out pref-
erably for 0.5 minute or more and 10 minutes or less and more
preferably for 1 minute or more and 5 minutes of less, pref-
erably at 50° C. or higher and 100° C. or lower and more
preferably at 60° C. or higher and 90° C. or lower.

[0113] The absorbing axis of the polarizing film thus
obtained is preferably 10 degrees to 80 degrees, more prefer-
ably 30 degrees to 60 degrees, and much more preferably
substantially 45 degrees (40 degrees to 50 degrees).

[Laminating]

[0114] The cellulose acylate film having undergone the
above described saponification and the polarizing layer pre-
pared by stretching are laminated together to yield a polariz-
ing plate. The laminating is preferably carried out in such a
way that the angle between the flow casting axis direction of
the cellulose acylate film and the stretching axis direction of
the polarizing plate is 45 degrees.

[0115] Any adhesive can be used for the lamination.
Examples of adhesives applicable include: PVA resins (in-
cluding denatured PVA such as acetoacetyl, sulfonic, car-
boxyl or oxyalkylen group) and aqueous solutions of boron
compounds. Of these adhesives, PVA resins are preferable.
The thickness of the adhesive layer is preferably 0.01 to 10
wum and particularly preferably 0.05 to 5 pm, on a dried layer
basis.

[0116] Preferably, the sheets of polarizer thus obtained
have a high light transmittance and a high degree of polariza-
tion. The light transmittance of the polarizer is preferably in
the range of 30 to 50% at a wavelength of 550 nm, more
preferably in the range of 35 to 50%, and most preferably in
the range of 40 to 50%. The degree of polarization is prefer-
ably in the range of 90 to 100% at a wavelength of 550 nm,
more preferably in the range of 95 to 100%, and most pref-
erably in the range of 99 to 100%.

[0117] The sheets of polarizer thus obtained can be lami-
nated with a A/4 plate to create circularly polarized light. In
this case, they are laminated so that the angle between the
slow axis of the A/4 plate and the absorbing axis of the
polarizer is 45 degrees. Any A/4 plate can be used to create
circularly polarized light; however, preferably one having
such wavelength-dependency that retardation is decreased
with decrease in wavelength is used. More preferably, a polar-
izing film having an absorbing axis which tilts 20 degrees to
70 degrees in the longitudinal direction and a A/4 plate that
includes an optically anisotropic layer made up of a liquid
crystalline compound are used.

(i1) Providing Optical Compensation Layer (Preparation of
Optical Compensation Film)

[0118] An optically anisotropic layer is used for compen-
sating the liquid crystalline compound in a liquid crystal cell
in black display by a liquid crystal display. It is prepared by
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forming an orientation film on each of the cellulose acylate
films and providing an optically anisotropic layer on the
orientation film.

[Orientation Film]

[0119] An orientation film is provided on the above
described cellulose acylate films which have undergone sur-
face treatment. This film has the function of specifying the
orientation direction of liquid crystalline molecules. How-
ever, this film is not necessarily indispensable constituent of
the present invention. This is because a liquid crystalline
compound plays the role of the orientation film, as long as the
oriented state of the liquid crystalline compound is fixed after
it undergoes orientation treatment. In other words, the sheets
of polarizer of the present invention can also be prepared by
transferring only the optically anisotropic layer on the orien-
tation film, where the orientation state is fixed, on the polar-
izer. An orientation film can be provided using a technique
such as rubbing of an organic compound (preferably poly-
mer), oblique deposition of an inorganic compound, forma-
tion of a micro-groove-including layer, or built-up of an
organic compound (e.g. w-tricosanic acid, dioctadecyl
methyl ammonium chloride, methyl stearate) by Langmur-
Blodgett technique (LB membrane). Orientation films in
which orientation function is produced by the application of
electric field, electromagnetic field or light irradiation are also
known.

[0120] Preferably, the orientation film is formed by rubbing
of polymer. As a general rule, the polymer used for the ori-
entation film has a molecular structure having the function of
orienting liquid crystalline molecules.

[0121] In the present invention, preferably the orientation
film has not only the function of orienting liquid crystalline
molecules, but also the function of combining a side chain
having a crosslinkable functional group (e.g. double bond)
with the main chain or the function of introducing a crosslink-
able functional group having the function of orienting liquid
crystalline molecules into a side chain.

[0122] Either polymer which is crosslinkable in itself or
polymer which is crosslinkable in the presence of a crosslink-
ing agent can be used for the orientation film. And a plurality
of the combinations thereof can also be used. Examples of
such polymer include: those described in Japanese Patent
Application Laid-Open No. 8-338913, column [0022], such
as methacrylate copolymers, styrene copolymers, polyolefin,
polyvinyl alcohol and denatured polyvinyl alcohol, poly(N-
methylolacrylamide), polyester, polyimide, vinyl acetate
copolymer, carboxymethylcellulose, and polycarbonate.
Silane coupling agents can also be used as a polymer. Pref-
erable are water-soluble polymers (e.g. poly(N-methy-
lolacrylamide), carboxymethylcellulose, gelatin, polyvinyl
alcohol and denatured polyvinyl alcohol), more preferable
are gelatin, polyvinyl alcohol and denatured polyvinyl alco-
hol, and most preferable are polyvinyl alcohol and denatured
polyvinyl alcohol. Use of two kinds of polyvinyl alcohol or
denatured polyvinyl alcohol having different polymerization
degrees in combination is particularly preferable. The saponi-
fication degree of polyvinyl alcohol is preferably 70 to 100%
and more preferably 80 to 100%. The polymerization degree
of polyvinyl alcohol is preferably 100 to 5000.

[0123] Side chains having the function of orienting liquid
crystal molecules generally have a hydrophobic group as a
functional group. The kind of the functional group is deter-
mined depending on the kind of liquid crystalline molecules
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and the oriented state required. For example, a denatured
group of denatured polyvinyl alcohol can be introduced by
copolymerization denaturation, chain transfer denaturation
orblock polymerization denaturation. Examples of denatured
groups include: hydrophilic groups (e.g. carboxylic, sulfonic,
phosphonic, amino, ammonium, amide and thiol groups);
hydrocarbon groups with 10 to 100 carbon atoms; fluorine-
substituted hydrocarbon groups; thioether groups; polymer-
izable groups (e.g. unsaturated polymerizable groups, epoxy
group, azirinyl group); and alkoxysilyl groups (e.g. trialkoxy,
dialkoxy, monoalkoxy). Specific examples of these denatured
polyvinyl alcohol compounds include: those described in
Japanese Patent Application Laid-Open No. 2000-155216,
columns [0022] to [0145], Japanese Patent Application Laid-
Open No. 2002-62426, columns [0018] to [0022].

[0124] Combining a side chain having a crosslinkable func-
tional group with the main chain of the polymer of an orien-
tation film or introducing a crosslinkable functional group
into a side chain having the function of orienting liquid crystal
molecules makes it possible to copolymerize the polymer of
the orientation film and the polyfunctional monomer con-
tained in the optically anisotropic layer. As a result, not only
the molecules of the polyfunctional monomer, but also the
molecules of the polymer of the orientation film and those of
the polyfunctional monomer and the polymer of the orienta-
tion film are covalently firmly bonded together. Thus, intro-
duction of a crosslinkable functional group into the polymer
of'an orientation film enables remarkable improvement in the
strength of optical compensation films.

[0125] The crosslinkable functional group of the polymer
of the orientation film preferably has a polymerizable group,
like the polyfunctional monomer. Specific examples of such
crosslinkable functional groups include: those described in
Japanese Patent Application Laid-Open No. 2000-155216,
columns [0080] to [0100]. The polymer of the orientation film
can be crosslinked using a crosslinking agent, besides the
above described crosslinkable functional groups.

[0126] Examples of crosslinking agents applicable include:
aldehyde; N-methylol compounds; dioxane derivatives; com-
pounds that function by the activation of their carboxyl group;
activated vinyl compounds; activated halogen compounds;
isoxazol; and dialdehyde starch. Two or more kinds of
crosslinking agents may be used in combination. Specific
examples of such crosslinking agents include: compounds
described in Japanese Patent Application Laid-Open No.
2002-62426, columns [0023] to [0024]. Aldehyde, which is
highly reactive, particularly glutaraldehyde is preferably used
as a crosslinking agent.

[0127] The amount of the crosslinking agent added is pref-
erably 0.1 to 20% by mass of the polymer and more preferably
0.510 15% by mass. The amount of the unreacted crosslinking
agent remaining in the orientation film is preferably 1.0% by
mass or less and more preferably 0.5% by mass or less.
Controlling the amount of the crosslinking agent and unre-
acted crosslinking agent in the above described manner
makes it possible to obtain a sufficiently durable orientation
film, in which reticulation does not occur even after it is used
in a liquid crystal display for a long time or it is left in an
atmosphere of high temperature and high humidity for a long
time.

[0128] Basically, an orientation film can be formed by:
coating the above described polymer, as a material for form-
ing an orientation film, on a transparent substrate containing
a crosslinking agent; heat drying (crosslinking) the polymer;
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and rubbing the same. The crosslinking reaction may be car-
ried out at any time after the polymer is applied to the trans-
parent substrate, as described above. When a water-soluble
polymer, such as polyvinyl alcohol, is used as the material for
forming an orientation film, the coating solution is preferably
amixed solvent of an organic solvent having an anti-foaming
function (e.g. methanol) and water. The mixing ratio is pref-
erably such that water:methanol=0:100 to 99:1 and more
preferably 0:100 to 91:9. The use of such a mixed solvent
suppresses the generation of foam, thereby significantly
decreasing defects not only in the orientation film, but also on
the surface of the optically anisotropic layer.

[0129] As acoating method for coating an orientation film,
spin coating, dip coating, curtain coating, extrusion coating,
rod coating or roll coating is preferably used. Particularly
preferably used is rod coating. The thickness of the film after
drying is preferably 0.1 to 10 pm. The heat drying can be
carried outat 20° C. to 110° C. To achieve sufficient crosslink-
ing, preferably the heat drying is carried out at 60° C. to 100°
C. and particularly preferably at 80° C. to 100° C. The drying
time can be 1 minute to 36 hours, but preferably it is 1 minute
to 30 minutes. Preferably, the pH of the coating solution is set
to a value optimal to the crosslinking agent used. When glu-
taraldehyde is used, the pH is 4.5 to 5.5 and particularly
preferably 5.

[0130] The orientation film is provided on the transparent
substrate or on the above described undercoat layer. The
orientation film can be obtained by crosslinking the polymer
layer and providing rubbing treatment on the surface of the
polymer layer, as described above.

[0131] The above described rubbing treatment can be car-
ried out using a treatment method widely used in the treat-
ment of liquid crystal orientation in LCD. Specifically, ori-
entation can be obtained by rubbing the surface of the
orientation film in a fixed direction with paper, gauze, felt,
rubber or nylon, polyester fiber and the like. Generally the
treatment is carried out by repeating rubbing a several times
using a cloth in which fibers of uniform length and diameter
have been uniformly transplanted.

[0132] In the rubbing treatment industrially carried out,
rubbing is performed by bringing a rotating rubbing roll into
contact with a running film including a polarizing layer. The
circularity, cylindricity and deviation (eccentricity) of the
rubbing roll are preferably 30 pm or less respectively. The
wrap angle of the film wrapping around the rubbing roll is
preferably 0.1 to 90°. However, as described in Japanese
Patent Application Laid-Open No. 8-160430, if the film is
wrapped around the rubbing roll at 360° or more, stable
rubbing treatment is ensured. The conveying speed of the film
is preferably 1 to 100 m/min. Preferably, the rubbing angle is
properly selected from the range of 0 to 60°. When the ori-
entation film is used in liquid crystal displays, the rubbing
angle is preferably 40° to 50° and particularly preferably 45°.
[0133] Thethickness of the orientation film thus obtained is
preferably in the range of 0.1 to 10 um.

[0134] Then, liquid crystalline molecules of the optically
anisotropic layer are oriented on the orientation film. After
that, if necessary, the polymer of the orientation film and the
polyfunctional monomer contained in the optically anisotro-
pic layer are reacted, or the polymer of the orientation film is
crosslinked using a crosslinking agent.

[0135] The liquid crystalline molecules used for the opti-
cally anisotropic layer include: rod-shaped liquid crystalline
molecules and discotic liquid crystalline molecules. The rod-
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shaped liquid crystalline molecules and discotic liquid crys-
talline molecules may be either high-molecular-weight liquid
crystalline molecules or low-molecular-weight liquid crystal-
line molecules, and they include low-molecule liquid crystal-
line molecules which have undergone crosslinking and do not
show liquid crystallinity any more.

[Rod-Shaped Liquid Crystalline Molecules]

[0136] Examples of rod-shaped liquid crystalline mol-
ecules preferably used include: azomethines, azoxys, cyano-
biphenyls, cyanophenyl esters, benzoate esters, cyclohexane
carboxylic acid phenyl esters, cyanophenyl cyclohexanes,
cyano-substituted phenyl pyrimidines, alkoxy-substituted
phenyl pyrimidines, phenyl dioxanes, tolans, and alkenyl
cyclohexyl benzonitriles.

[0137] Rod-shaped liquid crystalline molecules also
include metal complexes. Liquid crystal polymer that
includes rod-shaped liquid crystalline molecules in its repeat-
ing unit can also be used as rod-shaped liquid crystalline
molecules. In other words, rod-shaped liquid crystalline mol-
ecules may be bonded to (liquid crystal) polymer.

[0138] Rod-shaped liquid crystalline molecules are
described in Kikan Kagaku Sosetsu (Survey of Chemistry,
Quarterly), Vol. 22, Chemistry of Liquid Crystal (1994),
edited by The Chemical Society of Japan, Chapters 4, 7 and
11 and in Handbook of Liquid Crystal Devices, edited by
142th Committee of Japan Society for the Promotion of Sci-
ence, Chapter 3.

[0139] The index of birefringence of the rod-shaped liquid
crystalline molecules is preferably in the range of 0.001 to
0.7. To allow the oriented state to be fixed, preferably the
rod-shaped liquid crystalline molecules have a polymerizable
group. As such a polymerizable group, a radically polymer-
izable unsaturated group or cationically polymerizable group
is preferable. Specific examples of such polymerizable
groups include: polymerizable groups and polymerizable liq-
uid crystal compounds described in Japanese Patent Applica-
tion Laid-Open No. 2002-62427, columns [0064] to [0086].

[Discotic Liquid Crystalline Molecules]

[0140] Discotic liquid crystalline molecules include: ben-
zene derivatives described in the research report by C.
Destrade et al., Mol. Cryst. Vol. 71, 111 (1981); truxene
derivatives described in the research report by C. Destrade et
al., Mol. Cryst. Vol. 122, 141 (1985) and Physics lett, A, Vol.
78, 82 (1990); cyclohexane derivatives described in the
research report by B. Kohne et al., Angew. Chem. Vol. 96, 70
(1984); and azacrown or phenylacetylene macrocycles
described in the research report by J. M. Lehn et al., J. Chem.
Commun., 1794 (1985) and in the research report by J. Zhang
etal., L. Am. Chem. Soc. Vol. 116, 2655 (1994).

[0141] Discotic liquid crystalline molecules also include
liquid crystalline compounds having a structure in which
straight-chain alkyl group, alkoxy group and substituted ben-
zoyloxy group are substituted radially as the side chains of the
mother nucleus at the center of the molecules. Preferably, the
compounds are such that their molecules or groups of mol-
ecules have rotational symmetry and they can provide an
optically anisotropic layer with a fixed orientation. In the
ultimate state of the optically anisotropic layer formed of
discotic liquid crystalline molecules, the compounds con-
tained in the optically anisotropic layer are not necessarily
discotic liquid crystalline molecules. The ultimate state of the
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optically anisotropic layer also contain compounds such that
they are originally of low-molecular-weight discotic liquid
crystalline molecules having a group reactive with heat or
light, but undergo polymerization or crosslinking by heat or
light, thereby becoming higher-molecular-weight molecules
and losing their liquid crystallinity. Examples of preferred
discotic liquid crystalline molecules are described in Japa-
nese Patent Application Laid-Open No. 8-50206. And the
details of the polymerization of discotic liquid crystalline
molecules are described in Japanese Patent Application Laid-
Open No. 8-27284.

[0142] To fix the discotic liquid crystalline molecules by
polymerization, it is necessary to bond a polymerizable
group, as a substitute, to the discotic core of the discotic liquid
crystalline molecules. Compounds in which their discotic
core and a polymerizable group are bonded to each other via
a linking group are preferably used. With such compounds,
the oriented state is maintained during the polymerization
reaction. Examples of such compounds include: those
described in Japanese Patent Application Laid-Open No.
2000-155216, columns [0151] to [0168].

[0143] In hybrid orientation, the angle between the long
axis (disc plane) of the discotic liquid crystalline molecules
and the plane of the polarizing film increases or decreases,
across the depth of the optically anisotropic layer, with
increase in the distance from the plane of the polarizing film.
Preferably, the angle decreases with increase in the distance.
The possible changes in angle include: continuous increase,
continuous decrease, intermittent increase, intermittent
decrease, change including both continuous increase and
continuous decrease, and intermittent change including
increase and decrease. The intermittent changes include the
area midway across the thickness where the tilt angle does not
change. Even if the change includes the area where the angle
does not change, it does not matter as long as the angle
increases or decreased as a whole. Preferably, the angle
changes continuously.

[0144] Generally, the average direction of the long axis of
the discotic liquid crystalline molecules on the polarizing film
side can be adjusted by selecting the type of discotic liquid
crystalline molecules or the material for the orientation film,
or by selecting the method of rubbing treatment. On the other
hand, generally the direction of the long axis (disc plane) of
the discotic liquid crystalline molecules on the surface side
(on the air side) can be adjusted by selecting the type of
discotic liquid crystalline molecules or the type of the addi-
tives used together with the discotic liquid crystalline mol-
ecules. Examples of additives used with the discotic liquid
crystalline molecules include plasticizer, surfactant, poly-
merizable monomer, and polymer. The degree of the change
in orientation in the long axis direction can also be adjusted by
selecting the type of the liquid crystalline molecules and that
of additives, like the above described cases.

[Other Compositions of Optically Anisotropic Layer]

[0145] Use of plasticizer, surfactant, polymerizable mono-
mer, etc. together with the above described liquid crystalline
molecules makes it possible to improve the uniformity of the
coating film, the strength of the film and the orientation of
liquid crystalline molecules. Preferably, such additives are
compatible with the liquid crystalline molecules, and they can
change the tilt angle of the liquid crystalline molecules or do
not inhibit the orientation of the liquid crystalline molecules.
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[0146] Examples of polymerizable monomers applicable
include radically polymerizable or cationically polymeriz-
able compounds. Preferable are radically polymerizable
polyfunctional monomers which are copolymerizable with
the above described polymerizable-group containing liquid
crystalline compounds. Specific examples are those
described in Japanese Patent Application Laid-Open No.
2002-296423, columns [0018] to [0020]. The amount of the
above described compounds added is generally in the range of
1 to 50% by mass of the discotic liquid crystalline molecules
and preferably in the range of 5 to 30% by mass.

[0147] Examples of surfactants include traditionally
known compounds; however, fluorine compounds are par-
ticularly preferable. Specific examples of fluorine com-
pounds include compounds described in Japanese Patent
Application Laid-Open No. 2001-330725, columns [0028] to
[0056].

[0148] Preferably, polymers used together with the discotic
liquid crystalline molecules can change the tilt angle of the
discotic liquid crystalline molecules.

[0149] Examples of polymers applicable include cellulose
esters. Examples of preferred cellulose esters include those
described in Japanese Patent Application Laid-Open No.
2000-155216, columns [0178]. Not to inhibit the orientation
of the liquid crystalline molecules, the amount of the above
described polymers added is preferably in the range of 0.1 to
10% by mass of the liquid crystalline molecules and more
preferably in the range of 0.1 to 8% by mass.

[0150] The discotic nematic liquid crystal phase—solid
phase transition temperature of the discotic liquid crystalline
molecules is preferably 70 to 300° C. and more preferably 70
to 170° C.

[Formation of Optically Anisotropic Layer]

[0151] An optically anisotropic layer can be formed by
coating the surface of the orientation film with a coating fluid
that contains liquid crystalline molecules and, if necessary,
polymerization initiator or any other ingredients described
later.

[0152] As asolvent used for preparing the coating fluid, an
organic solvent is preferably used. Examples of organic sol-
vents applicable include: amides (e.g. N,N-dimethylforma-
mide); sulfoxides (e.g. dimethylsulfoxide); heterocycle com-
pounds (e.g. pyridine); hydrocarbons (e.g. benzene, hexane);
alkyl halides (e.g. chloroform, dichloromethane, tetrachloro-
ethane); esters (e.g. methyl acetate, butyl acetate); ketones
(e.g. acetone, methyl ethyl ketone); and ethers (e.g. tetrahy-
drofuran, 1,2-dimethoxyethane). Alkyl halides and ketones
are preferably used. Two or more kinds of organic solvent can
be used in combination.

[0153] Such a coating fluid can be applied by a known
method (e.g. wire bar coating, extrusion coating, direct gra-
vure coating, reverse gravure coating or die coating method).
[0154] The thickness of the optically anisotropic layer is
preferably 0.1 to 20 um, more preferably 0.5 to 15 um, and
most preferably 1 to 10 um.

[Fixation of Orientation State of Liquid Crystalline Mol-
ecules]

[0155] The oriented state of the oriented liquid crystalline
molecules can be maintained and fixed. Preferably, the fixa-
tion is performed by polymerization. Types of polymerization
include: heat polymerization using a heat polymerization ini-
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tiator and photopolymerization using a photopolymerization
initiator. For the fixation, photopolymerization is preferably
used.

[0156] Examples of photopolymerization initiators
include: a-carbonyl compounds (described in U.S. Pat. Nos.
2,367,661 and 2,367,670); acyloin ethers (described in U.S.
Pat. No. 2,448,828); o-hydrocarbon-substituted aromatic
acyloin compounds (U.S. Pat. No. 2,722,512); multi-nucleus
quinone compounds (described in U.S. Pat. Nos. 3,046,127
and 2,951,758); combinations of triarylimidazole dimmer
and p-aminophenyl ketone (described in U.S. Pat. No. 3,549,
367); acridine and phenazine compounds (described in Japa-
nese Patent Application Laid-Open No. 60-105667 and U.S.
Pat.No. 4,239,850); and oxadiazole compounds (described in
U.S. Pat. No. 4,212,970).

[0157] The amount of the photopolymerization initiators
used is preferably in the range of 0.01 to 20% by mass of the
solid content of the coating fluid and more preferably in the
range of 0.5 to 5% by mass.

[0158] Light irradiation for the polymerization of liquid
crystalline molecules is preferably performed using ultravio-
let light.

[0159] Irradiation energy is preferably in the range of 20
ml/cm? to 50 J/cm?, more preferably 20 to 5000 mJ/cm?, and
much more preferably 100 to 800 mJ/cm?. To accelerate the
photopolymerization, light irradiation may be performed
under heat.

[0160] A protective layer may be provided on the surface of
the optically anisotropic layer. Combining the optical com-
pensation film with a polarizing layer is also preferable. Spe-
cifically, an optically anisotropic layer is formed on a polar-
izing film by coating the surface of the polarizing film with
the above described coating fluid for an optically anisotropic
layer. As a result, thin polarizer, in which stress generated
with the dimensional change of polarizing film (distortionx
cross-sectional areaxmodulus of elasticity) is small, can be
prepared without using a polymer film between the polarizing
film and the optically anisotropic layer. Installing the polar-
izer according to the present invention in a large-sized liquid
crystal display device enables high-quality images to be dis-
played without causing problems such as light leakage.
[0161] Preferably, stretching is performed while keeping
the tilt angle of the polarizing layer and the optical compen-
sation layer to the angle between the transmission axis of the
two sheets of polarizer laminated on both sides of a liquid
crystal cell constituting LCD and the longitudinal or trans-
verse direction of the liquid crystal cell. Generally the tilt
angle is 45°. However, in recent years, transmissive-, reflec-
tive-, and semi-transmissive-liquid crystal display devices
have been developed in which the tilt angle is not always 45°,
and thus, it is preferable to adjust the stretching direction
arbitrarily to the design of each LCD.

[Liquid Crystal Display Devices]

[0162] Liquid crystal modes in which the above described
optical compensation film is used will be described.

(TN-Mode Liquid Crystal Display Devices)

[0163] TN-mode liquid crystal display devices are most
commonly used as a color TFT liquid crystal display device
and described in a large number of documents. The oriented
state in a TN-mode liquid crystal cell in the black state is such
that the rod-shaped liquid crystalline molecules stand in the
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middle of the cell while the rod-shaped liquid crystalline
molecules lie near the substrates of the cell.

(OCB-Mode Liquid Crystal Display Devices)

[0164] An OCB-mode liquid crystal cell is a bend orienta-
tion mode liquid crystal cell where the rod-shaped liquid
crystalline molecules in the upper part of the liquid cell and
those in the lower part of the liquid cell are oriented in sub-
stantially opposite directions (symmetrically). Liquid crystal
displays using a bend orientation mode liquid crystal cell are
disclosed in U.S. Pat. Nos. 4,583,825 and 5,410,422. A bend
orientation mode liquid crystal cell has a self-compensation
function since the rod-shaped liquid crystalline molecules in
the upper part of the liquid cell and those in the lower part are
symmetrically oriented. Thus, this liquid crystal mode is also
referred to as OCB (Optically Compensatory Bend) liquid
crystal mode.

[0165] Like in the TN-mode cell, the oriented state in an
OCB-mode liquid crystal cell, in the black state is also such
that the rod-shaped liquid crystalline molecules stand in the
middle of the cell while the rod-shaped liquid crystalline
molecules lie near the substrates of the cell.

(VA-Mode Liquid Crystal Display Devices)

[0166] VA-mode liquid crystal cells are characterized in
that in the cells, rod-shaped liquid crystalline molecules are
oriented substantially vertically when no voltage is applied.
The VA-Mode Liquid Crystal Cells Include: (1) a VA-Mode
Liquid Crystal Cell in a narrow sense where rod-shaped liquid
crystalline molecules are oriented substantially vertically
when no voltage is applied, while they are oriented substan-
tially horizontally when a voltage is applied (Japanese Patent
Application Laid-Open No. 2-176625); (2) a MVA-mode
liquid crystal cell obtained by introducing multi-domain
switching of liquid crystal into a VA-mode liquid crystal cell
to obtain wider viewing angle, (SID 97, Digest of Tech.
Papers (Proceedings) 28 (1997) 845), (3) a n-ASM-mode
liquid crystal cell where rod-shaped liquid crystalline mol-
ecules undergo substantially vertical orientation when no
voltage is applied, while they undergo twisted multi-domain
orientation when a voltage is applied (Proceedings 58 to 59
(1998), Symposium, Japanese Liquid Crystal Society); and
(4) a SURVAIVAL-mode liquid crystal cell (reported in LCD
international 98).

(IPS-Mode Liquid Crystal Display Devices)

[0167] IPS-mode liquid crystal cells are characterized in
that in the cells, rod-shaped liquid crystalline molecules are
oriented substantially horizontally in plane when no voltage
is applied and switching is performed by changing the orien-
tation direction of the crystal in accordance with the presence
or absence of application of voltage. Specific examples of
IPS-mode liquid crystal cells applicable include those
described in Japanese Patent Application Laid-Open Nos.
2004-365941, 2004-12731, 2004-215620, 2002-221726,
2002-55341 and 2003-195333.

(Other Modes of Liquid Crystal Display Devices)

[0168] In ECB-mode and STN (Supper Twisted Nematic)-
mode, optical compensation can also be achieved with the
above described logic.

Providing Antireflection Layer (Antireflection Film)

[0169] Generally an antireflection film is made up of: a
low-refractive-index layer which also functions as a stain-
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proof layer; and at least one layer having a refractive index
higher than that of the low-refractive-index layer (i.e. high-
refractive-index layer and/or intermediate-refractive-index
layer) provided on a transparent substrate.

[0170] Methods of forming a multi-layer thin film as a
laminate of transparent thin films of inorganic compounds
(e.g. metal oxides) having different refractive indices include:
chemical vapor deposition (CVD); physical vapor deposition
(PVD); and a method in which a film of a colloid of metal
oxide particles is formed by sol-gel process from a metal
compound such as a metal alkoxide and the formed film is
subjected to post-treatment (ultraviolet light irradiation:
Japanese Patent Application Laid-Open No. 9-157855,
plasma treatment: Japanese Patent Application Laid-Open
No. 2002-327310).

[0171] On the other hand, there are proposed a various
antireflection films, as highly productive antireflection films,
which are formed by coating thin films of a matrix and inor-
ganic particles dispersing therein in a laminated manner.
[0172] There is also provided an antireflection film includ-
ing an antireflection layer provided with anti-glare properties,
which is formed by using an antireflection film formed by
coating as described above and providing the outermost sur-
face of the film with fine irregularities.

[0173] The cellulose acylate film of the present invention is
applicable to antireflection films formed by any of the above
described methods, but particularly preferable is the antire-
flection film formed by coating (coating type antireflection
film).

[Layer Configuration of Coating-Type Antireflection Film]

[0174] An antireflection film having at least on its substrate
a layer construction of: intermediate-refractive-index layer,
high-refractive-index layer and low-refractive-index layer
(outermost layer) in this order is designed to have a refractive
index satisfying the following relationship.

[0175] Refractive index of  high-refractive-index
layer>refractive index of intermediate-refractive-index
layer>refractive index of transparent substrate>refractive
index of low-refractive-index layer, and a hard coat layer may
be provided between the transparent substrate and the inter-
mediate-refractive-index layer. The antireflection film may
also be made up of: intermediate-refractive-index hard coat
layer, high-refractive-index layer and low-refractive-index
layer.

[0176] Examples of such antireflection films include: those
described in Japanese Patent Application Laid-Open Nos.
8-122504, 8-110401, 10-300902, 2002-243906 and 2000-
111706. Other functions may also be imparted to each layer.
There are proposed, for example, antireflection films that
include a stainproofing low-refractive-index layer or anti-
static high-refractive-index layer (e.g. Japanese Patent Appli-
cation Laid-Open Nos. 10-206603 and 2002-243906).
[0177] The haze of the antireflection film is preferably 5%
or less and more preferably 3% or less. The strength of the
film is preferably H or higher, by pencil hardness test in
accordance with JIS K5400, more preferably 21-1 or higher,
and most preferably 3H or higher.

[High-Refractive-Index Layer and Intermediate-Refractive-
Index Layer]

[0178] The layer of the antireflection film having a high
refractive index consists of a curable film that contains: at
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least ultra-fine particles of high-refractive-index inorganic
compound having an average particle size of 100 nm or less;
and a matrix binder.

[0179] Fine particles of high-refractive-index inorganic
compound include: for example, those of inorganic com-
pounds having a refractive index of 1.65 or more and prefer-
ably 1.9 or more. Specific examples of such inorganic com-
pounds include: oxides of Ti, Zn, Sb, Sn, Zr, Ce, Ta, La or In;
and composite oxides containing these metal atoms.

[0180] Methods of forming such ultra-fine particles
include: for example, treating the particle surface with a sur-
face treatment agent (e.g. a silane coupling agent, Japanese
Patent Application Laid-Open Nos. 11-295503, 11-153703,
2000-9908, an anionic compound or organic metal coupling
agent, Japanese Patent Application Laid-Open No. 2001-
310432 etc.); allowing particles to have a core-shell structure
in which a core is made up of high-refractive-index particle(s)
(Japanese Patent Application Laid-Open No. 2001-166104
etc.); and using a specific dispersant together (Japanese
Patent Application Laid-Open No. 11-153703, U.S. Pat. No.
6,210,858B1, Japanese Patent Application Laid-Open No.
2002-2776069, etc.).

[0181] Materials used for forming a matrix include: for
example, conventionally known thermoplastic resins and cur-
able resin films.

[0182] Further, as such a material, at least one composition
is preferable which is selected from the group consisting of: a
composition including a polyfunctional compound that has at
least two radically polymerizable and/or cationically poly-
merizable group; an organic metal compound containing a
hydrolytic group; and a composition as a partially condensed
product of the above organic metal compound. Examples of
such materials include: compounds described in Japanese
Patent Application Laid-Open Nos. 2000-47004 2001-
315242, 2001-31871 and 2001-296401.

[0183] A curable film prepared using a colloidal metal
oxide obtained from the hydrolyzed condensate of metal
alkoxide and a metal alkoxide composition is also preferred.
Examples are described in Japanese Patent Application Laid-
Open No. 2001-293818.

[0184] The refractive index of the high-refractive-index
layer is generally 1.70 to 2.20. The thickness of the high-
refractive-index layer is preferably 5 nm to 10 um and more
preferably 10 nm to 1 um.

[0185] The refractive index of the intermediate-refractive-
index layer is adjusted to a value between the refractive index
of the low-refractive-index layer and that of the high-refrac-
tive-index layer. The refractive index of the intermediate-
refractive-index layer is preferably 1.50 to 1.70.

[Low-Refractive-Index Layer]|

[0186] The low-refractive-index layer is formed on the
high-refractive-index layer sequentially in the laminated
manner. The refractive index of the low-refractive-index layer
is 1.20 to 1.55 and preferably 1.30 to 1.50.

[0187] Preferably, the low-refractive-index layer is formed
as the outermost layer having scratch resistance and stain-
proofing properties. As means of significantly improving
scratch resistance, it is effective to provide the surface of the
layer with slip properties, and conventionally known thin film
forming means that includes introducing silicone or fluorine
is used.

[0188] The refractive index of the fluorine-containing com-
pound is preferably 1.35 to 1.50 and more preferably 1.36 to
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1.47. The fluorine-containing compound is preferably a com-
pound that includes a crosslinkable or polymerizable func-
tional group containing fluorine atom in an amount of 35 to
80% by mass.

[0189] Examples of such compounds include: compounds
described in Japanese Patent Application Laid-Open No.
9-222503, columns [0018] to [0026], Japanese Patent Appli-
cation Laid-Open No. 11-38202, columns [0019] to [0030];
Japanese Patent Application Laid-Open No. 2001-40284,
columns [0027] to [0028], Japanese Patent Application Laid-
Open No. 2000-284102, etc.

[0190] A silicone compound is preferably such that it has a
polysiloxane structure, it includes a curable or polymerizable
functional group in its polymer chain, and it has a crosslink-
ing structure in the film. Examples of such silicone com-
pounds include: reactive silicone (e.g. SILAPLANE manu-
factured by Chisso Corporation); and polysiloxane having a
silanol group on each of its ends (one described in Japanese
Patent Application Laid-Open No. 11-258403).

[0191] The crosslinking or polymerization reaction for pre-
paring such fluorine-containing polymer and/or siloxane
polymer containing a crosslinkable or polymerizable group is
preferably carried out by radiation of light or by heating
simultaneously with or after applying a coating composition
for forming an outermost layer, which contains a polymer-
ization initiator, a sensitizing agent, etc.

[0192] A sol-gel cured film is also preferable which is
obtained by curing the above coating composition by the
condensation reaction carried out between an organic metal
compound, such as silane coupling agent, and silane coupling
agent containing a specific fluorine-containing hydrocarbon
group in the presence of a catalyst. Examples of such films
include: those of polyfluoroalkyl-group-containing silane
compounds or the partially hydrolyzed and condensed com-
pounds thereof (compounds described in Japanese Patent
Application Laid-Open Nos. 58-142958, 58-147483,
58-147484, 9-157582 and 11-106704); and silyl compounds
that contain “perfluoroalkyl ether” group as a fluoline-con-
taining long-chain group (compounds described in Japanese
Patent Application Laid-Open Nos. 2000-117902, 2001-
48590 and 2002-53804).

[0193] The low-refractive-index layer can contain addi-
tives other than the above described ones, such as filler (e.g.
low-refractive-index inorganic compounds whose primary
particles have an average particle size of 1 to 150 nm, such as
silicon dioxide (silica) and fluorine-containing particles
(magnesium fluoride, calcium fluoride, barium fluoride);
organic fine particles described in Japanese Patent Applica-
tion Laid-Open No. 11-3820, columns [0020] to [0038]),
silane coupling agent, slippering agent and surfactant.
[0194] When located under the outermost layer, the low-
refractive-index layer may be formed by vapor phase method
(vacuum evaporation, spattering, ion plating, plasma CVD,
etc.). From the viewpoint of reducing manufacturing costs,
coating method is preferable. The thickness of the low-refrac-
tive-index layer is preferably 30 to 200 nm, more preferably
50 to 150 nm, and most preferably 60 to 120 nm.

[Hard Coat Layer]

[0195] A hard coat layer is provided on the surface of the
transparent substrate so as to impart physical strength to the
antireflection film. Particularly preferably the hard coat layer
is provided between the transparent substrate and the above
described high-refractive-index layer. It is also preferable to
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provide the hard coat layer directly on the stretched and
un-stretched cellulose acylate films by coating without pro-
viding an antireflection layer.

[0196] Preferably, the hard coat layer is formed by the
crosslinking reaction or polymerization of compounds cur-
able by light and/or heat. Preferred curable functional groups
are photopolymerizable functional groups, and organic metal
compounds having a hydrolytic functional group are prefer-
ably organic alkoxy silyl compounds.

[0197] Specific examples of such compounds include the
same compounds as illustrated in the description of the high-
refractive-index layer.

[0198] Specific examples of compositions that constitute
the hard coat layer include: those described in Japanese Patent
Application Laid-Open Nos. 2002-144913, 2000-9908 and
WO 0/46617.

[0199] The high-refractive-index layer can also serve as a
hard coat layer. In this case, it is preferable to form the hard
coat layer using the technique described in the description of
the high-refractive-index layer so that fine particles are con-
tained in the hard coat layer in the dispersed state. The hard
coat layer can also serves as an anti-glare layer (described
later), if particles having an average particle size of 0.2 to 10
um are added to provide the layer with the anti-glare function.

[0200] The thickness of the hard coat layer can be properly
designed depending on the applications for which it is used.
The thickness of the hard coat layer is preferably 0.2 to 10 um
and more preferably 0.5 to 7 pum. The strength of the hard coat
layer is preferably H or higher, by pencil hardness test in
accordance with JIS K5400, more preferably 2H or higher,
and much more preferably 3H or higher. The hard coat layer
having a smaller abrasion loss in test, before and after Taber
abrasion test conducted in accordance with JIS K5400, is
more preferable.

[Forward Scattering Layer]

[0201] A forward scattering layer is provided so that it
provides, when applied to liquid crystal displays, the effect of
improving viewing angle when the angle of vision is tilted
up-, down-, right- or leftward. The above described hard coat
layer can also serve as a forward scattering layer, if fine
particles with different refractive index are dispersed in it.
Example of such layers include: those described in Japanese
Patent Application Laid-Open No. 11-38208 where the coef-
ficient of forward scattering is specified; those described in
Japanese Patent Application Laid-Open No. 2000-199809
where the relative refractive index of transparent resin and
fine particles are allowed to fall in the specified range; and
those described in Japanese Patent Application Laid-Open
No. 2002-107512 wherein the haze value is specified to 40%
or higher.

[Other Layers]

[0202] Besides the above described layers, a primer layer,
anti-static layer, undercoat layer or protective layer may be
provided.

[Coating Method]

[0203] The layers of the antireflection film can be formed
by any method of dip coating, air knife coating, curtain coat-
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ing, roller coating, wire bar coating, gravure coating, micro-
gravure coating and extrusion coating (U.S. Pat. No. 2,681,
294).

[Anti-Glare Function]

[0204] The antireflection film may have the anti-glare func-
tion that scatters external light. The anti-glare function can be
obtained by forming irregularities on the surface of the anti-
reflection film. When the antireflection film has the anti-glare
function, the haze of the antireflection film is preferably 3 to
30%, more preferably 5 to 20%, and most preferably 7 to
20%.

[0205] Asamethod for forming irregularities on the surface
of antireflection film, any method can be employed, as long as
it can maintain the surface geometry of the film. Such meth-
ods include: for example, a method in which fine particles are
used in the low-refractive-index layer to form irregularities on
the surface of the film (e.g. Japanese Patent Application Laid-
Open No. 2000-271878); a method in which a small amount
(0.1 to 50% by mass) of particles having a relatively large size
(0.05 to 2 um in particle size) are added to the layer under a
low-refractive-index layer (high-refractive-index layer, inter-
mediate-refractive-index layer or hard coat layer) to form a
film having irregularities on the surface and a low-refractive-
index layer is formed on the irregular surface while keeping
the geometry (e.g. Japanese Patent Application Laid-Open
Nos. 2000-281410, 2000-95893, 2001-100004, 2001-
281407); a method in which irregularities are physically
transferred on the surface of the outermost layer (stainproof-
ing layer) having been provided (e.g. embossing described in
Japanese Patent Application Laid-Open Nos. 63-278839,
11-183710, 2000-275401).

[0206] In the following the measurement methods used in
the present invention will be described.

[1] Methods for Measuring Re and Rth

[0207] A sample film is conditioned in humidity at a tem-
perature of 25° C. and a humidity of 60% rh for at least 3
hours. Then, with an automatic birefringence meter (Kobra-
21ADH/PR manufactured by Oji Scientific Instruments Co.,
Ltd.), the retardation value of the sample film at a wavelength
of 550 nm is measured at 25° C. and 60% rh, in a direction
normal to the surface of the sample film and in a direction
inclined by +40° from the normal of the film surface. The
in-plane retardation (Re) is derived from the measured value
for the normal direction, and the thickness direction retarda-
tion (Rth) is derived from the measured values in the normal
direction and the direction inclined by +40° from the normal
of the film surface.

[2] Re, Rth, and Transverse and Longitudinal Variations of Re
and Rth

(1) MD Direction Sampling

[0208] In the longitudinal direction of the film, 1-cm-side
squares are cut out at 100 positions with an interval of 0.5 m.
(2) TD Direction Sampling

[0209] Along the whole width of the film, 1-cm-side
squares are cut out at 50 positions with an even interval.

(3) Measurement of Re and Rth

[0210] A sample film is conditioned in humidity at a tem-
perature of 25° C. and a humidity of 60% rh for at least 3
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hours. Then, with an automatic birefringence meter (Kobra-
21ADH/PR manufactured by Oji Scientific Instruments Co.,
Ltd.), the retardation value of the sample film at a wavelength
of 550 nm is measured at 25° C. and 60% rh, in a direction
normal to the surface of the sample film and in a direction
inclined by +40° from the normal of the film surface. The
in-plane retardation (Re) is derived from the measured value
for the normal direction, and the thickness direction retarda-
tion (Rth) is derived from the measured values in the normal
direction and the direction inclined by +40° from the normal
of the film surface. Each of Re and Rth is defined as the
average value over all the above described sampling positions
concerned.

(4) Variations of Re and Rth

[0211] The variation of Re is derived by dividing the dif-
ference between the maximum and minimum values of all of
the 100 sampling position values associated with the MD
direction by the average value of these 100 values and by
presenting the thus obtained quotient in terms of percents;
and the variation of Rth is derived in the same manner as
above except that the 50 sampling position values associated
with the TD direction are used in place of the 100 sampling
position values associated with the MD direction.

[3] Evaluation of Streak Defect

[0212] The appearance of the resultant cellulose acylate
films was inspected visually, and those in which no line was
observed were graded good, those in which a few dim lines
were observed, but the practical use of which might not be
problematic were graded fair, those in which dim lines were
observed and the practical use of which might be questionable
were graded poor, and those in which streak defect was
judged at a glance were graded very poor.

[4] Substitution Degrees in Cellulose Acylate

[0213] The substitution degrees of the acyl groups in the
cellulose acylate are obtained through **C-NMR according to
the method described in Carbohydr. Res., 273 (1955) 83-91
(Tezuka, et al.).

[5] Peak Heat Amount in DSC Crystal Melting

[0214] A DSC apparatus, DSC-50, manufactured by Shi-
madzu Seisakusho is used; measurement is made at a tem-
perature increasing rate of 10° C./min; the heat amount of the
heat absorption peak to occur immediately after Tg is derived
in units of J/g, and Tg is also measured at the same time.

[6] Haze Value

[0215] The haze value is measured with a turbidity meter
NDH-1001DP manufactured by Nippon Denshoku Kogyo
Co., Ltd. is used.

[7] Yellowness Index (Y1 Value)

[0216] The yellowness (Y1: yellowness index) is measured
with Z-1I OPTICAL SENSOR according to JIS K7105 6.3.

[0217] A reflection method is applied to pellets and a trans-
mission method is applied to films; the tristimulus values X,
Y and Z are measured; the YI value is derived from the
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tristimulus values X, Y and Z on the basis of the following
formula:

YI={(1.28X-1.06Z)/¥}x100

[0218] Each of the YI values for films derived from the
above formula is divided by the film thickness to be converted
into a value per 1 mm; these converted values are used for
comparison.

[8] Molecular Weight

[0219] Film samples are dissolved in dichloromethane and
the molecular weights are measured with GPC.

Examples
Cellulose Acylate Resin

[0220] The cellulose acylates different from each other in
the types and the substitution degrees of the acyl groups
described in Table 1 (FIG. 3) were prepared. In the prepara-
tion, acylation reaction was carried out at 40° C. with sulfuric
acid added as catalyst (7.8 parts by weight in relation to 100
parts by weight of the cellulose) and carboxylic acids added to
be raw material of the acyl substituents; the types and the
substitution degrees of the acyl groups were controlled by
controlling the types and the amounts of the carboxylic acids;
and on completion of the acylation, aging was carried out at
40° C. The Tg values of the cellulose acylates thus obtained
were measured by use of the following method and listed in
the table of FIG. 3. It is to be noted that the Tg values of the
cellulose acylates added with a plasticizer are the values
measured after addition of the plasticizer.

(Measurement of Tg)

[0221] On the measuring pan of a DSC apparatus, 20 mg of
a sample was placed. In a gas flow of nitrogen, the sample was
heated from 30° C. to 250° C. at a rate of 10° C./min (the first
run), and then, cooled down to 30° C. at arate of -10° C./min.
Thereafter, the sample was again heated from 30° C. to 250°
C. (the second run). The glass transition temperature (Tg) was
defined as the temperature at which the base line started to
deviate on the lower temperature side in the second run. The
Tg values listed in Table 1 are based on this definition. To
every sample, 0.05% by mass of silicon dioxide fine particles
(Aerosil R972V) was added.

[Melt Film Formation]

[0222] Each synthesized cellulose acylate shown in Table 1
was blast-dried at 120° C. for 3 hours so that its water content
was 0.1% by mass. To the dried cellulose acylate were added
3% by weight of triphenyl phosphate (TPP) as a plasticizer,
0.05% by mass of silicon dioxide fine particles (AEROZIL
R-972V), 0.20% by mass of phosphite-based stabilizer (P-1),
0.8% by mass of “ultraviolet absorber a”, 2,4-bis-(n-oc-
tylthio)-6-(4-hydroxy-3,5-di-tert-butylanilino)-1,3,5-triaz-
ine, and 0.25% by mass of “ultraviolet absorber b”, 2(2'-
hydroxy-3',5'-di-tert-butylphenyl)-5-chlorobenzotriazole.
The mixture was melt-kneaded at 190° C. with twin-screw
kneading extruder. The twin-screw kneading extruder was
provided with a vacuum vent to perform vacuum evacuation
(set to 0.3 atm). The kneaded cellulose acylate was extruded
in a water bath into a strand 3 mm in diameter and cut to 5 mm.
[0223] The above described kneaded resin was dried with
dehumidified air at 90° C. for 3 hours so that the water content
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was 0.1% by weight, melted at 210° C. with single-screw
extruder into which a full-flighted screw had been inserted,
and delivered in a fixed amount with a gear pump so that the
thickness precision of the resultant film was increased. The
molten polymer delivered from the gear pump was passed
through a 4-um sintered filter so that contaminants were
removed, fed to a die having a slit-like gap, and cooled and
solidified with cooling rolls to produce a cellulose acylate
film. The solidified sheet of cellulose acylate was stripped
from the polishing roll 28 and wound up into a roll. The
cooling rolls used were as follows. The polishing roll 28 was
a metal roll having a diameter of 500 mm, a thickness of 25
mm and a surface roughness Ra=25 nm, and the set tempera-
ture of the roll was the glass transition temperature of the resin
-5°C. The polishing roll 26 had a diameter of 300 mm and its
structure and set conditions were changed as shown in Table
1 when used for film formation. Both side ends (3% of the
whole width each) of the solidified sheet underwent trimming
right before it was wound up and knurled 10 mm in width and
50 pm in height. The wound-up sheets at each and every level
were 1.5 m in width and 3000 m in length and the wound up
rate was 30 m/min.

[Stretching]

[0224] Each of the cellulose acylate films produced by the
melt film formation was preheated with a preheating roll, and
then stretched at the temperature and the longitudinal and
transverse stretching magnifications listed in Table 1. In Table
1, for each of the resins of Examples and Comparative
Examples, the stretching temperature is shown as “relative to
Tg” in terms of the plus or minus deviation, indicated with +
or — sign, from Tg of the resin concerned. The longitudinal
stretching and the transverse stretching of each of the resin
were carried out at the same temperature, as listed in Table 1
under the heading of “Stretching temperature.”

[0225] In Examples and Comparative Examples shown in
Table 1, stretched cellulose acylate films were prepared using
the cellulose acylate films produced under the film formation
conditions described in Table 1, and the thus prepared
stretched cellulose acylate films were subjected to quality
evaluation. As the quality evaluation items for the stretched
cellulose acylate films, there were adopted Re and the varia-
tion rate thereof, Rth and the variation rate thereof, the haze
value, the Y1 value and the film thickness.

[Quality Evaluation of Stretched Cellulose Acylate Films]

[0226] The film formation conditions, the stretching con-
ditions and the successful quality values of the stretched
cellulose acylate films listed in the top row of the table of FIG.
3 are as follows:

[0227] Screw compression ratio of the extruder: from 2.5
t0 4.5
[0228] L/D of the extruder: from 20 to 50

[0229] Extrusion temperature: from 190 to 240° C.

[0230] Preheating temperature for longitudinal stretch-
ing: from Tg—-40° C. to Tg+60° C.

[0231] Stretching magnification of the longitudinal
stretching: from 1.0 to 2.5

[0232] Stretching magnification of the transverse
stretching: from 1.0 to 2.5

[0233] Magnitude of the DSC heat absorption peak: 4.0
J/g or less
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[0234] Re: 0 nm or more and 500 nm or less
[0235] Variation rate of Re: 5% or less

[0236] Rth: 30 nm or more and 500 nm or less
[0237] Variation rate of Rth: 5% or less

[0238] Haze value: 2% or less

[0239] YIvalue: 10 or less

[0240] Film thickness: from 30 to 300 um

[0241] Asis apparent from Table 1, the use of conventional
casting drums (Test 22) resulted in occurrence of streak defect
and decrease in thickness precision. The use of a metal roll
instead of the second roll (polishing roll 26) (Test 17) made it
possible to inhibit the occurrence of streak defect and
increase the thickness precision, but it caused stretch non-
uniformity when stretching was performed. The use of a
rubber roll as the second roll (Test 19) resulted in increase the
fluctuation rate in Re, Rth.

[0242] In contrast, in Test 1 to 12 where resin rolls were
used as the first and second rollers, the occurrence of streak
defect could be prevented, the thickness precision could be
improved, and films free from stretch non-uniformity could
be produced.

[0243] In cases where the substitution degree or the
molecular weight was outside the specified range (Test 13 to
16), the melt film forming characteristics were lowered. In
case where the surface roughness of the second roll was more
than 100 nm (Test 18), streak defect was more likely to occur.

[Fabrication of Polarizing Plates]
(1) Surface Treatment

[0244] After stretching, the stretched cellulose acylate
films were saponified according to any one of the following
methods.

(a) Coating Saponification

[0245] To 80 parts by weight of iso-propanol, 20 parts by
weight of water was added, and KOH was dissolved therein so
as to become 1.5 N. The solution was controlled in tempera-
ture to be set at 60° C., which solution was used as a saponi-
fying solution. The saponifying solution was coated on a
cellulose acylate film set at 60° C. in a coating amount of 10
g/m? to saponify the film for 1 minute. On completion of the
saponification, the film was washed by spraying warm water
set at 50° C. onto the film for 1 minute by use of a spray at a
flow rate of 10 L/m* min.

(b) Soaking Saponification

[0246] A 1.5N aqueous solution of NaOH was used as a
saponifying solution. The solution was controlled in tempera-
tureto be set at 60° C., and a cellulose acylate film was soaked
therein for 2 minutes. Thereafter, the film was soaked ina 0.1
N aqueous solution of sulfuric acid for 30 seconds, and then
passed through a water washing bath.

(2) Preparation of Polarizing Layer

[0247] According to Example 1 of Japanese Patent Laid-
Open No. 2001-141926, a film was stretched in the longitu-
dinal direction by applying a difference in peripheral speed
between two pairs of niprolls to prepare a 20 pum thick polar-
izing layer. Here, two polarizing layers were prepared: one
was a polarizing layer immediately after the film formation
and stretching, and the other was a polarizing layer aged at
80° C. for 1 month after preparation. The stretched polarizing
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layers were also prepared for which the stretching axis direc-
tion was inclined by 45 degrees similarly to Example 1 of
Japanese Patent Laid-Open No. 2002-86554, and the results
of the below described evaluation of these polarizing layers
were the same as those of the above described polarizing
layers.

(3) Laminating

[0248] Each of the thus obtained polarizing layer (fresh
polarizing layer) immediately after stretching and the thus
obtained polarizing layer (aged polarizing layer) aged at 80°
C. for 1 month was sandwiched between a stretched cellulose
acylate film (phase difference plate) subjected to the above
described saponification treatment and a polarizing plate pro-
tecting film (trade name: Fuyjitac) subjected to a saponifica-
tion treatment. In this laminating, adhesion between the phase
difference plate and the polarizing layer was carried out with
a 3% aqueous solution of PVA (trade name: PVA-117H;
manufactured by Kuraray Co., Ltd.) as an adhesive when the
phase difference plate is made of a cellulose acylate, and with
an epoxy adhesive when the phase difference plate is made of
a material other than a cellulose acylate; adhesion between
the Fujitac and the polarizing layer was carried out with the
above described aqueous solution of PVA as an adhesive. The
laminating direction was such that the angle between the
polarization axis and the longitudinal direction of the phase
difference plate was 45 degrees. The thus obtained polarizing
plate was installed in a 20 inch VA type liquid crystal display
device described in FIGS. 2 to 9 of Japanese Patent Laid-
Open No. 2000-154261 in such a way that the cellulose
acylate film was disposed on the liquid crystal side and the
Fujitac was disposed outside (viewing side). Such an installed
polarized plate was fabricated for each of the polarizing plates
made of the fresh polarizing layer and the aged polarizing
layer. The thus fabricated liquid crystal display devices were
compared with each other for evaluation by visual inspection
with respect to ratio of the color nonuniformity generation
area to the whole area, and consequently the display device to
which the present invention was applied attained satisfactory
performance.

[Preparation of Optical Compensation Films]

[0249] In place of the cellulose acetate film coated with a
liquid crystal layer in Example 1 of Japanese Patent Laid-
Open No. 11-316378, a stretched cellulose acylate film of the
present invention was used. Here, two types of compensation
films were prepared: one in which used was a film (fresh film)
immediately after the film formation and stretching, and the
other in which used was a film (aged film) aged at 80° C. for
1 month after preparation. The thus prepared compensation
films were compared with each other for evaluation by visual
inspection with respect to ratio of the color nonuniformity
generation area to the whole area, and the evaluation result
was presented in terms of this ratio. Consequently, satisfac-
tory were the optical compensation films

[0250] made with the stretched cellulose acylate films
based on the cellulose acylate film of the present invention.
[0251] A satisfactory optical compensation film was ableto
be prepared as an optical compensation filter film prepared
with the stretched cellulose acylate film of the present inven-
tion in place of the cellulose acetate film coated with a liquid
crystal layer in Example 1 of Japanese Patent Laid-Open No.
7-333433.
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[0252] Thoseoptical compensation films falling outside the
scope of the present invention were degraded in optical prop-
erties. In particular, the optical compensation film according
to Example 1 of Japanese Patent Laid-Open No. 2002-
311240 was remarkably degraded in optical properties.

[Preparation of Low Reflection Films]

[0253] The stretched cellulose acylate film of the present
invention was used to prepare a low reflection film according
to Example 47 of Hatsumei Kyokai Kokai Giho (Ko-Gi No.
2001-1745), resulting in excellent optical performances.

[Preparation of Liquid Crystal Display Elements]

[0254] The aforementioned polarizing plates of the present
invention were applied to the liquid crystal display devices
described in Example 1 of Japanese Patent Laid-Open No.
10-48420, the optical anisotropy layers containing discotic
liquid crystal molecules described and the oriented films
coated with polyvinyl alcohol in Example 1 of Japanese
Patent Laid-Open No. 9-26572, the 20 inch-VA type liquid
crystal display devices described in FIGS. 2 to 9 of Japanese
Patent Laid-Open No. 2000-154261, the 20 inch-OCB type
liquid crystal display devices described in FIGS. 10 to 15 of
Japanese Patent Laid-Open No. 2000-154261, and the IPS
type liquid crystal display device described in FIG. 11 of
Japanese Patent Laid-Open No. 2004-12731. Further, the low
reflection films of the present invention were applied to the
outermost layer of these liquid crystal display devices to
evaluate the performances thereof. Consequently, satisfac-
tory liquid crystal display elements were able to be obtained.

1-8. (canceled)

9. A method for producing a thermoplastic film, compris-
ing the steps of forming a film by extruding a molten thermo-
plastic resin from a die into a sheet

and cooling and solidifying the resin with a pair of rollers

holding the resin therebetween, the rollers which have
an arithmetic average surface roughness Ra 0of 100 nm or
less and at least one of which has a surface made up of a
resin; and

stretching the film formed in the film forming step in at

least one of the longitudinal direction and the transverse
direction.

10. The method for producing a thermoplastic film accord-
ing to claim 9, wherein the resin that makes up the surface of
at least one of the rollers is a fluorine resin or silicone resin.

11. The method for producing a thermoplastic film accord-
ing to claim 9, wherein the thermoplastic resin is a cellulose
acylate resin.

12. The method for producing a thermoplastic film accord-
ing to claim 10, wherein the thermoplastic resin is a cellulose
acylate resin.

13. The method for producing a thermoplastic film accord-
ing to claims 11, wherein the cellulose acylate resin has a
molecular weight of 20000 to 80000 and a substitution degree
of acyl groups satisfying the following expressions: 2.0<A+
B<3.0, 0<A<2.0, 1.2<B<2.9 where A represents a substitu-
tion degree of an acetyl group and B represents a total sub-
stitution degree of acyl groups having 3 to 7 carbon atoms.

14. The method for producing a thermoplastic film accord-
ing to claim 12, wherein the cellulose acylate resin has a
molecular weight of 20000 to 80000 and a substitution degree
of acyl groups satisfying the following expressions: 2.0<A+
B<3.0, 0<A<2.0, 1.2<B<2.9 where A represents a substitu-
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tion degree of an acetyl group and B represents a total sub-
stitution degree of acyl groups having 3 to 7 carbon atoms.

15. The method for producing a thermoplastic film accord-
ing to claim 9, wherein the film is stretched ataratio of 1 t0 2.5
in the stretching step.

16. The method for producing a thermoplastic film accord-
ing to claim 14, wherein the film is stretched at a ratio of 1 to
2.5 in the stretching step.

17. The method for producing a thermoplastic film accord-
ing to claim 9, wherein the film has a thickness 030 to 300 an
in-plane retardation Re of 0 nm or more and 500 nm or less,
and a retardation in the thickness direction Rth of 0 nm or
more and 500 nm or less.
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18. The method for producing a thermoplastic film accord-
ing to claim 16, wherein the film has a thickness of 30 to 300
um, an in-plane retardation Re of 0 nm or more and 500 nm or
less, and a retardation in the thickness direction Rth of 0 nm
or more and 500 nm or less.

19. An optical compensation film for liquid crystal display
panels, comprising, as a substrate, a stretched film produced
by the producing method according to claim 9.

20. A polarizer, comprising, as a protective film for a polar-
izing film (layer), at least one cellulose acylate film produced
by the producing method according to claim 9.

* * #* ok %



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

£
S EREEEE

BEX)

AERP\RGE-MREMEFROFIES % , HaeB IS HFER LR
RApZBENENRE , UL ENHRERFENHERES | FRHR
BRAFAFZRUENE, FMEEE RS B RMIEE — gz
HERH R, BNECNBRENES , MRS ERRLY
AR S HE A9 R EH S AE A o

patsnap

EFRBMEIRN A AR IZ A R L RS T RIRAY MR

US20100188619A1 [ (r&)B 2010-07-29
US11/916188 FER 2006-05-29
ETRAMARH
ELRAKA A
ETRABIARH

OTOSHI MASAAKI
FUJITA AKIHIDE
NAKAI SHINICHI

OTOSHI, MASAAKI
FUJITA, AKIHIDE
NAKAI, SHINICHI

GO02F1/1335 B29C43/24 G02B1/08 B29C48/305

B29C33/62 B29C43/222 B29C47/0021 B29K2001/12 B29C47/8845 B29K2001/00 B29C47/14 B29C48
/08 B29C48/305 B29C48/91 B29C48/914 B29C48/9155

2005160003 2005-05-31 JP

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/73e51589-9b68-4e2d-a864-292695fac87e
https://worldwide.espacenet.com/patent/search/family/037481743/publication/US2010188619A1?q=US2010188619A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100188619%22.PGNR.&OS=DN/20100188619&RS=DN/20100188619

