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POLYAMIDE MICROPARTICLES,
MANUFACTURING METHOD THEREFOR,
OPTICAL FILM USING SAID POLYAMIDE

MICROPARTICLES, AND LIQUID CRYSTAL
DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to polyamide micro-
particles having an excellent depolarization ability, a manu-
facturing method therefor, and an optical film and a liquid
crystal display device using them.

BACKGROUND ART

[0002] In recent years, the liquid crystal display device is
emerged as a display device having characteristics like thin
shape, light weight, and high image quality, that can be used
as a substitute of a CRT, and a multi color or high definition
liquid crystal display device is commercially available. As a
principle for driving those liquid crystal display devices, there
are TFT mode, MIM mode, STN mode, and TN mode or the
like. For any mode, one set of polarizers i1s used to emit
display light as linearly polarized light. Thus, the light reach-
ing an observer is linearly polarized light.

[0003] Meanwhile, as a method for reducing eyestrain
caused by use of a liquid crystal display device like PC for a
long period of time, a polarizer filter or polarizer glasses is
sometimes used. However, since the light emitted from a
liquid crystal screen is linearly polarized light, when angle of
a polarizer filter or polarizer glasses is tilted, light amount is
significantly reduced so that, in severe cases, it may not be
seen or is seen with different modes between left and right,
and therefore very inconvenient.

[0004] To avoid such problems, a method of converting
linearly polarized light to elliptically polarized light by using
a '/awavelength retardation plate compared to the wavelength
or amethod of utilizing a fog film phenomenon which causes
both the interference and diffraction of wavelength of inci-
dent light is contemplated. However, both have rather minor
effects.

[0005] Further, converting linearly polarized light to non-
polarized light by using a polymer having an amorphous
structure (see Patent literature 1),a plate for depolarization by
using a commercially available PET film or a quartz plate
having birefringence (see Patent Literature 2), or an optical
laminate having a depolarization ability in which a transpar-
ent resin layer containing birefringent microparticles, which
are made of extremely short fibers (see Patent Literature 3),
are suggested. However, none of them is found to be practi-
cally useful.

[0006] In this connection, a light filter containing micro-
particles including a crystalline polymer having a spherulite
structure, that are obtained by mixing a solution containing
polyamide and its solvents therefor, non-solvents for polya-
mide, and water to give a temporarily homogeneous solution
and precipitating the polymer to give particles, is suggested
(see Patent Literature 4).

[0007] Further, as a method for manufacturing the polya-
mide microparticles, a method of manufacturing polyamide
particles by mixing a solution containing polyamide and its
solvents therefor, non-solvents for polyamide, and water to
give a temporarily homogeneous solution and precipitating
the polymer, is disclosed in Patent Literature 5. In Patent
Literatures 6 to 8, a method of temperature-induced phase

Feb. 14, 2013

separation including dissolving polyamide as a crystalline
polymer in a high temperature solvent like ethylene glycol
and cooling the solution to obtain microparticles of the polya-
mide is disclosed.

[0008] Further, although a liquid crystal display device
using an oriented polymer film having spherulite structures is
suggested (see Patent Literature 9), it is provided between a
polarizer plate and a liquid crystal layer under the purpose of
broadening viewing angle, and therefore, in terms of purpose,
itis different from the film of the invention for depolarization.
Further, when a polymer film having spherulite structures is
used as a film for depolarization to convert linearly polarized
light to non-polarized light, strain applied during film manu-
facturing remains on the film after molding to exhibit anisot-
ropy of refractive index so that a film for depolarization which
can uniformly convert linearly polarized light to non-polar-
ized light identical to natural light cannot be given.

[0009] Foreach member constituting a back light of aliquid
crystal, display device, recently the studies are made to
improve light utilization efficiency by inhibiting light loss, for
example adopting materials with high transmittance. How-
ever, since the polarizing film introduced to a liquid crystal
element generally consists of an iodine-based or a dichroic
pigment, 50% of natural light is transmitted but remaining
50% light is absorbed. As a result, having low light utilization
efficiency, it has a problem of having dark screen.

[0010] For such reasons, various methods have been sug-
gested to improve light utilization efficiency by separating off
polarized light components included in natural light, trans-
mitting only the light in one direction while reflecting the
light in the other direction, and using again the reflected light.

[0011] Disclosed in Patent Literature 10 is a reflective
polarizer display in which stretched films having different
refractive index are overlaid to have a multilayer. According
to the display, light from the back light passes through a prism
sheet and enters a brightness enhancement film. The bright-
ness enhancement film consists of a bottom diffuser film and
areflective polarizer layer (DBEF layer) and a upper diffuser
film layer. In the reflective polarizer layer, the first polariza-
tion orientation component of the incident light is transmitted
while the second polarization orientation component which is
at a right angle with respect to the first component is reflected
with high efficiency. It is also described that the reflected
second polarization component is uniformly randomized in
an optical cavity into the first component and second compo-
nent according to light scattering and reflection, and after
passing through again the reflective polarizer, the light can be
used again and the brightness of aliquid crystal display can be
improved accordingly. A liquid crystal display device which
also recycles polarization components that are reflected based
on the same technical idea is disclosed in Patent Literatures
1110 13.

[0012] However, randomization of the second polarization
component only by light scattering or reflection is difficult to
achieve and it is necessary to repeat several times the scatter-
ing and reflection, and therefore inefficient. Further, although
it is possible to obtain uniformly the first component and
second component with high efficiency by performing circu-
lar polarization using a A/4 wavelength retardation plate, as
the A/4 wavelength retardation plate has wavelength depen-
dency in visible light range, a color shift problem due to a
transmitting property for light with specific wavelength
occurs. To avoid such problems, using a broad range A/4



US 2013/0038822 A1

wavelength retardation plate may be considered. However,
being currently expensive, it is not practically usable.

[0013] In Patent Literature 4, a filter having a function of
depolarization by using porous polyamide microparticles is
disclosed. According to the literature, it is described that the
light diffusing property can be also obtained by controlling
the difference in refractive index between polyamide par-
ticles and binder resins.

CITATION LIST

Patent Literatures

[0014] Patent Literature 1: Japanese Patent Application
Laid-Open (JP-A) No. 2003-185821

[0015] Patent Literature 2: JP-A No. 10-10522
[0016] Patent Literature 3: JP-A No. 2010-091655
[0017] Patent Literature 4: International Publication No.
2007/119592
[0018] Patent Literature 5: JP-A No. 2007-204767
[0019] Patent Literature 6: JP-A No. 8-12765
[0020] Patent Literature 7: U.S. Pat. No. 2,639,278
[0021] Patent Literature 8: JP-A No. 2006-328173
[0022] Patent Literature 9: JP-A No. 6-308496
[0023] Patent Literature 10: JP-A No. 2004-004699
[0024] Patent Literature 11: JP-A No. 2000-221507
[0025] Patent Literature 12: JP-A No. 2001-188126
[0026] Patent Literature 13: JP-A No. 04-184429
SUMMARY OF INVENTION
Technical Problem
[0027] According to the conventional technologies

described above, although the light filter disclosed in Patent
Literature 4 shows a depolarization ability of converting lin-
early polarized light to non-polarized light which is close to
natural light, transmittance of light through polarizers that are
aligned by cross Nichol configuration, in which the film is
disposed between the polarizers, is 10% or less at wavelength
of 550 nm, thus the conversion efficiency is not satisfactory
from the practical point of view.

[0028] Under the circumstances, object of the invention is
to provide polyamide microparticles, a manufacturing
method therefor, an optical film using the polyamide micro-
particles, and a liquid crystal display device, in which the
microparticles have an effect that polarized light can be effi-
ciently converted to non-polarized light that is close to natural
light, without accompanying a change in color, and light from
a light source can be evenly diffused.

Solution to Problem

[0029] To achieve the purpose of the invention as described
above, inventors of the invention carried out intensive studies,
and as a result found that, by using polyamide microparticles
having a spherulite structure and a controlled crystallite size
and crystallinity, an optical film and a liquid crystal display
device having an effect that polarized light can be efficiently
converted to non-polarized light that is close to natural light,
without accompanying a change in color, and light from a
light source can be evenly diffused can be obtained, and thus
completed the invention. Namely, the invention relates to
Polyamide microparticles including a spherulite structure and
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exhibiting a crystallite size of 12 nm or more, as measured by
wide-angle X ray diffraction, and a crystallinity of 50% or
more, as measured by DSC.

[0030] Further, the invention relates to an optical film
including resin layers having the polyamide microparticles.
[0031] Further, the invention relates to a liquid crystal dis-
play device including a light-source device, a rear polarizer,
liquid crystal cells, and a front polarizer, which has the optical
film between the light-source device and either the front
surface of the front polarizer or the rear surface of the rear
polarizer.

[0032] Further, the invention relates to a method of manu-
facturing polyamide microparticles including mixing the
polyamide (A) and the solvent (B), which acts as a good
solvent for the polyamide (A) at high temperatures but as a
non-solvent at low temperatures, heating the mixture to give
a homogeneous polyamide solution, mixing the polyamide
solution with the solvent (C) at low temperatures under stir-
ring for 3 min or less until the temperature is 20 to 80° C.
lower than the phase separation temperature of the polyamide
solution, and keeping the mixture at the same temperature to
precipitate the polyamide.

Advantageous Effects of Invention

[0033] As described above, provided by the invention is
polyamide microparticles which have an effect that polarized
light can be efficiently converted to non-polarized light that is
close to natural light, without accompanying a change in
color, and light from a light source can be evenly diffused, a
manufacturing method therefor, an optical film, and a liquid
crystal display device using the polyamide microparticle.

BRIEF DESCRIPTION OF DRAWINGS

[0034] FIG.1is anexploded view illustrating the construc-
tion of the liquid crystal display device (back light part) of the
invention. (a) There is no reflective polarizer layer (DBEF).
(b) There is a reflective polarizer layer (DBEF). (¢) Thereis a
reflective polarizer layer (wire grid type).

[0035] FIG. 2is an exploded view illustrating the construc-
tion of the liquid crystal display device (upper part of the
liquid crystal cell) of the invention. (a) A is an antireflection
layer. (b) A is installed between an antireflection layer and a
polarizer. (c) A is installed inside the polarizer.

[0036] FIG. 3isaschematic drawing illustrating the device
for measuring strength of the light transmitted through a film.
[0037] FIG. 4 is an electron microscopic image of the
polyamide microparticles that are obtained from Example 1.
[0038] FIG. 5 shows the result of evaluating a depolariza-
tion ability of the optical films that are manufactured in
Examples 1 and 3, and Comparative Examples 1 and 3.
[0039] FIG. 6 is an electron microscopic image of the
polyamide microparticles that are obtained from Compara-
tive Example 1.

[0040] FIG. 7 is an electron microscopic image of the
polyamide microparticles that are obtained from Example 3.
[0041] FIG. 8is a scanning electron microscopic image of
the polyamide microparticles that are used in Example 10.
[0042] FIG. 91is a scanning electron microscopic image of
the polyamide microparticles that are used in Comparative
Example 6.

[0043] FIG. 10 shows wavelength dependency of light
transmittance of the optical films that are manufactured in
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Example 11 and Comparative Example 7, respectively, and a
Va wavelength retardation plate (Comparative Example 8).
[0044] FIG. 11 shows the result of measuring strength of
light transmitted through the optical films of Example 14 and
Comparative Example 11.

DESCRIPTION OF EMBODIMENTS

[0045] The invention relates to polyamide microparticles
which have a crystal structure specific to a crystalline resin
like polyamide, that is a spherical or semi-spherical spherulite
structure, a spherulite structure which has an expansion on
partially lacked one side and a lack part on the other side (that
is, C shape, curved bead shape), or a spherulite structure
which is close to more a lacked axialite (that is, dumbbell
shape), in which the microparticles also have high crystallin-
ity including certain crystallite size and crystallinity. The
polyamide microparticles related to the invention preferably
have a porous structure and relatively evenly ranged particle
diameter and particle shape, and they have better depolariza-
tion ability than conventional polyamide microparticles. For
such reasons, the microparticles may be used as a material of
ahigh-performance light diffuser for depolarization, which is
used for an optical filter or a back light of a liquid crystal
display.

[0046] According to the polyamide microparticles related
to the invention, the spherulite structure can be determined by
observing cross section of particles with a scanning or trans-
mission type electron microscope and examining any radial
growth of polyamide fibrils starting near the center nucleus.
Further, the polyamide microparticles related to the invention
have, as a single particle itself, either locally or wholly a
spherulite structure specific to a crystalline polymer which is
a spherical or semi-spherical crystal structure, a partially
lacked spherulite structure (that is, C shape, curved bead
shape), or a more lacked axialite-like spherulite structure
(that is, dumbbell shape). Higher ability of depolarization can
be obtained by having the spherulite structure described
above, and therefore desirable. Further, the microparticles
may be a mixture of particles having those various structures.
The expression “. . . have, as a single particle itself, either
locally or wholly a spherulite structure . . . ” means a structure
specific to a crystalline polymer that is formed by three-
dimensional growth of a polyamide fibril in either single
direction or radial direction, starting from a single or multiple
nucleus near the center of single particle. The term “locally”
means that the particle contains part of the structure.

[0047] The polyamide microparticles related to the inven-
tion has a crystallinity of 50% or more, as measured by DSC.
Crystallinity of polyamide can be measured by a method
based on X ray diffraction, a method based on DSC, or a
method based on density. A method based on DSC measure-
ment is preferable. In general, crystallinity of polyamide
crystallized from a molten polymer is about 30% at most.
When the crystallinity is low, an ability of converting linearly
polarized light to non-polarized light is poor, and therefore
undesirable.

[0048] The polyamide microparticles related to the inven-
tion has a crystallite size of at 12 nm (nanometer) or more, as
measured by wide angle X ray diffraction. The higher the
crystallite size, the better the depolarization ability is. Mean-
while, if it is less than 12 nm, there is a tendency that the
depolarization ability is lowered.

[0049] Spherical equivalent number average particle diam-
eter of the polyamide microparticles related to the invention
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(herein below, it may be also simply referred to as “number
average particle diameter”) is preferably from 1.0 to 50 pm,
and more preferably 1.0 to 3 0 um. When the number average
particle diameter is less than 1.0 um, secondary aggregation
force becomes strong so thathandleability is impaired. On the
other hand, when it is more than 50 pm, film thickness of an
optical material containing particles is increased at the time of
handling them as optical particles for use as electronic mate-
rials, making it difficult to obtain a thin film, and therefore
undesirable.

[0050] The polyamide microparticles related to the inven-
tion preferably have porous structures. By having porous
structures, there is a tendency that the multiple scattering
effect is enhanced and the depolarization ability is increased.

[0051] The polyamide microparticles related to the inven-
tion preferably have BET specific surface area of 0.1 to 80
m°*/g, more preferably 3 to 75 m*/g, and still more preferably
5 to 70 m*/g. When the specific surface area is smaller than
0.1 m*g, the porous property of a porous power obtained is
impaired. On the other hand, when it is bigger than 80 m*/g,
the particles may easily get aggregated.

[0052] Average pore diameter of the polyamide micropar-
ticles related to the invention is preferably 0.01 to 0.5 um, and
more preferably 0.01 to 0.3 um. When the average pore diam-
eter is smaller than 0.01 pm, the porous property is impaired.
On the other hand, when it is larger than 0.5 pm, mechanical
strength of the particles may be poor.

[0053] Porousindex (i.e. roughness index, RI) of the polya-
mide microparticles related to the invention is preferably 5 to
100. As described herein, the porous index (RI) is defined as
the ratio of specific surface area of a spherical porous particle
to specific surface area of a smooth particle having the same
diameter. When porous index is smaller than 5, a supporting
activity or an absorbing activity as a porous particle is poor,
and therefore undesirable. On the other hand, when the poros-
ity index is bigger than 100, handleability as powder is low-
ered.

[0054] Melting point of the polyamide microparticles
related to the invention is preferably 110to 320° C., and more
preferably 130 to 300° C. When the melting point is lower
than 110° C., thermal stability for an optical application tends
to be lowered.

[0055] Regarding particle diameter distribution, ratio of the
volume average particle diameter (or volume based average
particle diameter) to the number average particle diameter (or
number based average particle diameter) of the polyamide
microparticles related to the invention is preferably from 1 to
2.5, more preferably from 1 to 2.0, and still more preferably
from 1 to 1.5. When the ratio of the volume average particle
diameter to the number average particle diameter (that is,
particle diameter distribution index, PDI) is larger than 2.5,
handleability as powder is lowered.

[0056] The polyamide microparticles related to the inven-
tion have depolarization coefficient Dpc (&) for the light with
wavelength of 550 nm, in which the depolarization coefficient
is defined by the following mathematical formula 1 and math-
ematical formula 2, of preferably 1.5/m or more, more pref-
erably 2.0/m or more, and still more preferably 2.3/m or more.
When the depolarization coefficient is less than 1.5/m, there is
aneed to add a large amount of particles to an optical film, and
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also problems may arise like film thickness is increased or
haze is increased, and therefore undesirable.

_ Dp(d) ” [Mathematical formula 1]

(where, ¢, represents volume fraction of polyamide micro-
particles 1n a resin sheet containing evenly dispersed polya-
mide microparticles and t represents thickness (m) of the
resin sheet).

V) - T /(T (D)
L) T, -1
v(d) -1

[Mathematical formula 2]

Dpd) =

(where, v (\) represents extinction ratio of a polarizing film,
T, (M) represents light transmittance of a polarizing film, T,
(M) represents maximum light transmittance when linearly
polarized light is incident on a polarizing film, T, (1) repre-
sents light transmittance of a resin sheet which does not
contain polyamide microparticles, and T, (A) represents light
transmittance when a resin sheet containing evenly dispersed
polyamide microparticles is inserted between two polarizing
films in cross Nichol configuration).

[0057] Examples of the polyamide used for the polyamide
microparticles related to the invention include those obtained
by ring opening polymerization of cyclic amide, polyconden-
sation of amino acid, or polycondensation of dicarboxylic
acid and diamine. Examples of the materials that are used for
ring opening polymerization of cyclic amide include e-capro-
lactam and w-laurolactam. Examples of the materials that are
used for polycondensation of amino acid include e-aminoca-
proic acid, w-aminododecanoic acid, and w-aminounde-
canoic acid. Examples of the materials that are used for poly-
condensation of dicarboxylic acid and diamine include
dicarboxylic acid like oxalic acid, adipic acid, sebacic acid,
and 1.4-cyclohexyl dicarboxylic acid, and their derivatives,
and diamine like ethylene diamine, hexamethylene diamine,
1,4-cyclohexyl diamine, pentamethylene diamine, and deca-
methylene diamine.

[0058] Those polyamides may be further copolymerized
with a small amount of an aromatic component like tereph-
thalic acid, isophthalic acid, and m-xylylene diamine.
[0059] Specific examples of the polyamide include polya-
mide 6, polyamide 46, polyamide 66, polyamide 610, polya-
mide 612, polyamide 11, polyamide 12, polyamide 6/66,
polynonamethylene terephthalamide (polyamide 9T), poly-
hexamethylene adipamide/polyhexamethylene terephthala-
mide copolymer (polyamide 66/6T), polyhexamethylene
terephthalamide/polycaproamide copolymer (polyamide
6T1/6), polyhexamethylene adipamide/polyhexamethylene
isophthalamide copolymer (polyamide 66/61), polyhexam-
ethylene isophthalamide/polycaproamide copolymer (polya-
mide 61/6), polydodecamide/polyhexamethylene tereph-
thalamide copolymer (polyamide 12/67),
polyhexamethylene adipamide/polyhexamethylene tereph-
thalamide/polyhexamethylene isophthalamide copolymer
(polyamide 66/6T/61), polyhexamethylene terephthalamide/
polyhexamethylene isophthalamide copolymer (polyamide
6T1/61), polyhexamethylene terephthalamide/poly(2-methyl-
pentamethylene terephthalamide) copolymer (polyamide
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6T/M5T), polyxylene adipamide (polyamide MXD6), and a
mixture and a copolymerization resin thereof. Among them,
polyamide 6, polyamide 46, polyamide 66, polyamide 610,
polyamide 612, polyamide 11, polyamide 12, or polyamide
6/66 copolymerization resin is preferable. From the view
point of handleability of materials, polyamide 6 is particu-
larly preferable.

[0060] Molecular weight of the polyamide is preferably
1,000 to 100,000, more preferably 2,000 to 50,000, and still
more preferably 3,000 to 30,000. When the molecular weight
of the polyamide is excessively small, condition for obtaining
porous microparticles is limited, and thus they cannot be
easily produced. On the other hand, when the molecular
weight of the polyamide is excessively high, primary aggre-
gates may be easily generated during manufacture, and there-
fore undesirable.

[0061] The polyamide microparticles related to the inven-
tion are produced by a method based on temperature induced
phase separation. For example, the polyamide (A) used as a
raw material is mixed with the solvent (B), and by increasing
the temperature, a homogeneous polyamide solution is pro-
duced. Further, with rapid cooling of the entire polyamide
solution to a pre-determined temperature, the solvent (C) at
low temperature is added thereto within a predetermined time
under stirring and maintained for a while to give the micro-
particles. In this regard, the most important thing is mixing
and stirring two liquids for as short a time as possible, making
the mixture uniform before precipitation (white cloudiness)
occurs, and having the precipitation progressed under static
condition after stopping the stirring.

[0062] Herein below, a method for manufacturing resin
microparticles to give the polyamide microparticles related to
the invention is described.

[0063] The method for manufacturing resin microparticles
includes mixing the crystalline resin (A) represented by the
polyamide and the solvent (B), which acts as a good solvent
for the resin at high temperatures but as a non-solvent at low
temperatures and heating the mixture to give a homogeneous
crystalline resin solution, mixing the resin solution with the
solvent (C) at low temperatures within a pre-determined time
under stirring, cooling the entire resin solution evenly and
quickly to a pre-determined temperature, and keeping the
mixture while maintaining it at the same temperature to have
the resin precipitated. According to the particles obtained by
this method, as a post-treatment described below, a process of
performing an annealing for an appropriate time under
reduced pressure like 100 Torr or less at the temperature,
which is higher than the glass transition temperature but
lower than the melting point, is not required. However, when
it is carried out, further enhancement in performance may be
expected.

[0064] Unlike the conventional phase separation based on
addition of a solvent or phase separation based on cooling the
temperature at constant rate, the manufacturing method
described above involves addition of a non-solvent at low
temperature to a solution of a crystalline resin at high tem-
perature, stirring and mixing for obtaining an even state. As
such, temperature inside the system becomes even in very
short period of time. As a result, since the precipitation from
a homogeneous solution of a crystalline resin at reduced
temperature progresses after the temperature of a solution in
super-saturated state is even in the system, nucleus formation
and nucleus growth occur everywhere in the system at almost
the same time. In this regard, by controlling rate of the
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nucleus formation and nucleus growth via temperature of a
mixture solution and concentration of a crystalline resin, par-
ticles having a crystal structure specific to a crystalline resin
which is a spherical or semi-spherical spherulite structure, a
spherulite structure with a partially lacked structure (that is, C
shape. curved bead shape), or a spherulite structure which is
close to a more lacked axialite (that is, dumbbell shape), and
also high crystallinity with specific crystallite size and crys-
tallinity, are obtained.

[0065] For the crystalline resin other than polyamide,
microparticles having high crystallinity can be also obtained
by the manufacturing method described above. The crystal-
line resin (A) that may be used is not specifically limited if it
can have a spherulite structure by crystallization from a mol-
ten state, and examples thereof include polyalkylene, polya-
mide, polyether, polyimide, and a liquid crystalline polymer.
Specific examples thereof include polyolefins like polyethyl-
ene, isotactic polypropylene, syndiotactic polypropylene,
polybutene-1, and polytetramethylpentene, crystalline ethyl-
ene propylene copolymer, polyesters like polybutylene
terephthalate and polyethylene terephthalate, syndiotactic
polystyrene, isotactic polystyrene, polyphenylene sulfide,
polyether ether ketone, wholly-aromatic polyamide, wholly-
aromatic polyester, a fluororesin like polytetrafluoroethylene
and polyvinylidene fluoride, an aliphatic polyester like poly-
ethylene succinate, and polybutylene succinate, polylactic
acid, polyvinyl alcohol, polyacetal, and polyether nitrile.

[0066] It is preferable that the solvent (B) used for the
aforementioned manufacturing method functions as a non-
solvent for the crystalline resin (A) at low temperatures, but as
a good solvent at high temperatures, for example, in the
temperature range below the boiling point of the solvent.

[0067] When the crystalline resin (A) is polyamide,
examples of the solvent (B) which functions as a good solvent
at high temperatures, but as a non-solvent for the polyamide
at low temperatures include polyhydric alcohol and cyclic
amide. Specific examples of the polyhydric alcohol include
ethylene glycol, 1,2-propane diol, 1,3-propane diol, 1,3-bu-
tane diol, 2,3-butane diol, 1,4-butane diol, glycerin, propy-
lene glycol, dipropylene glycol, 1,5-pentane diol, and hexy-
lene glycol. It may be used as a mixture of them. Examples of
the cyclic amide include those having 4 to 18 ring-constitut-
ing carbon atoms. Specific examples thereof include 2-pyr-
rolidone, piperidone, N-methyl pyrrolidone, e-caprolactam,
N-methyl caprolactam, and w-lauryl lactam. Further, the
cycloalkylidene ring may have a substituent group which
does not inhibit the reaction. Examples of the substituent
group include a cyclic or a non-cyclic alkyl group like a
methyl group, an ethyl group, and a cyclohexyl group, a
cyclic or a non-cyclic alkenyl group like a vinyl group and a
cyclohexenyl group, an aryl group like a phenyl group, an
alkoxy group like a methoxy group, an alkoxycarbonyl group
like a methoxycarbonyl group, and a halogen group like a
chloro group. Preferred examples include a non-substituted
2-pyrrolidone and e-caprolactam.

[0068] To promotedissolution ofthe crystalline resin (A)in
the aforementioned solvent, an additive for lowering dissolu-
tion temperature may be added. When the crystalline resin
(A) s polyamide, for example, examples of an inorganic salt
additive include calcium chloride and lithium chloride. How-
ever, as long as it is an inorganic salt which can promote
dissolution according to an action of metal ions on hydrogen
bonding part of the polyamide, it is not limited to them.
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[0069] The heating temperature for dissolving the crystal-
line resin (A) is preferably 10 to 100° C. higher than the
temperature at which the resin starts to melt in the solvent (B)
(herein below, it may be also referred to as “phase separation
temperature”). Further, when dissolution is carried out while
inside of the system is sealed with inert gas like nitrogen gas,
the resin is less deteriorated, and therefore desirable.

[0070] Concentration of the crystalline resin (A) in the
resin solution is preferably 0.1 to 30% by weight. When it is
less than 0.1% by weight, productivity of the particles is
lowered. On the other hand, when it is higher than 30% by
weight, part of the resins that are not dissolved in a solution
may be present, yielding uneven particles, and therefore
undesirable.

[0071] According to the manufacturing method, by mixing
a homogeneous resin solution with the solvent (C) at low
temperature, which acts as a non-solvent for the crystalline
resin (A) at least at the low temperatures, the entire resin
solution is evenly and also rapidly cooled to a pre-determined
temperature. As for the solvent (C) that can be used, any
solvent which acts as a non-solvent for the crystalline resin
(A) at least at the low temperatures and has high co-solubility
with the solvent (B) can be used. A solvent consisting of the
same components as the solvent (B) or a mixture with the
same composition is preferable. In case of a solvent with
different components or different composition, fractional
recovery or the like may be difficult to carry out at the time of
recycling the solvent after recovering the particles.

[0072] Examples of the solvent (C) that can be used in the
invention include, when the crystalline resin (A) is polya-
mide, polyhydric alcohol and its mixture as described for the
solvent (B). Specific examples thereof include ethylene gly-
col, 1,2-propane diol, 1,3-propane diol, 1,3-butane diol, 2,3-
butane diol, 14-butane diol, glycerin, propyvlene glycol,
dipropylene glycol, 1,5-pentane diol, and hexylene glycol. It
may be used as a mixture of them.

[0073] Temperature for cooling the resin solution is pref-
erably 20 to 80° C., more preferably 30 to 70° C., and still
more preferably 40 to 60° C. lower than the phase separation
temperature. When the cooling temperature is less than 20° C.
lower than the phase separation temperature, degree of supet-
saturation is low, and thus a huge time is required from the
start to the end of resin precipitation and precipitates in lump
state or aggregates of particles are obtained, and therefore
undesirable. On the other hand, when it is more than 80° C.
lower than the phase separation temperature, resin starts to
precipitate due to local temperature decrease before uniform
mixing of two liquids, yielding uneven particles or aggre-
gates, and therefore undesirable.

[0074] Temperature and addition amount of the solvent (C)
used for cooling are determined based on the temperature and
volume of a resin solution to be cooled. The temperature
difference between the resin solution and the solvent (C) used
for cooling is preferably the same or less than 150° C. When
the temperature difference is more than 150° C., the resin
starts to precipitate while the solvent (C) is still being added,
vielding aggregation or the like, and therefore undesirable.
Further, the final resin concentration after mixing two liquids
is preferably 20% by weight or less. More preferably, it is
15% by weight or less. When the resin concentration is too
high at the time of precipitation, particles may aggregate, or in
a worst case, the solution may solidify, and therefore unde-
sirable.
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[0075] Regarding the mixing of the resin solution at high
temperature with the solvent (C) at low temperature, the
solvent (C) at low temperature may be added to a resin solu-
tion at high temperature or a resin solution at high tempera-
ture may be added to the solvent (C) at low temperature.
However, it is preferable that stirring is carried out until two
liquids are evenly mixed. The stirring time is 3 min or less,
preferably 2 min or less, and most preferably 1 min or less.
Satisfactory mixing of the two liquids can be confirmed when
concentration instability caused by difference in refractive
index between two liquids is not seen or temperature of the
mixture is constant, that is, the temperature varies within the
range of +1° C.

[0076] With respect to stirring, it is not particularly limited
in terms of shape or apparatus if it is a stirring wing generally
used. Further, rotation number of a stirring wing is also not
particularly limited if it can homogenize the mixing solution
within a short time. Further, having a device for enhancing
stirring effect like a baffle plate is desirable in that homoge-
neous mixing can be achieved within a short time.

[0077] Once the two liquids become homogeneous, it is
preferable to stop the stirring and keep them still. When
stirring is continued even after the resin starts to precipitate,
shape of the resulting particles is disrupted to incomplete
shape or aggregation occurs to broaden particle size distribu-
tion, and therefore undesirable. By having a baffle plate, flow
of a liquid after terminating the stirring stops within a short
time, and therefore desirable. It is preferable that the keeping
time is maintained until the precipitation stops. Specifically, 5
min to 240 min is preferable, and 10 min to 120 min is more
preferable.

[0078] After cooling to a pre-determined temperature, the
polyamide is precipitated while being maintained at the same
temperature. When the temperature of the cooled polyamide
solution is changed, precipitates in lump state or aggregates
of particles may be formed or the particle size distribution
may be broadened, and therefore undesirable.

[0079] Further, particles can be obtained by stirring with
spraying two liquids from a bi-fluid nozzle and keeping the
sprayed liquid in a container at constant temperature. Further,
it is also possible that the sprayed solution is precipitated
under laminar flow within a pipe maintained at a pre-deter-
mined temperature.

[0080] The produced resin particles are subjected to solid-
liquid separation by a method like decantation, filtration, and
centrifugation to remove the solvents (B) and (C) adhered to
surface. Thus, washing can be carried out by using a non-
solvent for the resin at near room temperatures, which has low
viscosity and high affinity for the solvents (B) and (C). When
the crystalline resin (A) is polyamide particles, for example,
monohydric aliphatic alcohol having 1 to 3 carbon atoms like
methanol, ethanol, 1-propanol, and 2-propanol, aliphatic
ketone like acetone and methy] ethyl ketone, aromatic ketone
like acetophenone, propiophenone, and butyrophenone, aro-
matic hydrocarbon like toluene and xylene, aliphatic hydro-
carbon like heptane, hexane, octane, and n-decane, and water
can be mentioned as a solvent therefor.

[0081] The resin microparticles obtained after separation
and washing may be prepared as dry powder after undergoing
drying as a last step. As for the method for drying, a com-
monly used method for drying powder, for example, vacuum
drying, constant temperature drying, spray drying, freeze
drying, and fluid bath drying can be used. The polyamide
microparticles related to the invention, that are produced
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according to the manufacturing method described above, do
not require the post-treatment described below. However, by
performing the post-treatment, further enhancement in per-
formance is expected, and thus the post-treatment including
annealing under reduced pressure like 100 Torr or less at the
temperature which is higher than the glass transition tempera-
ture but lower than melting point can be carried out for an
appropriate time during the drying step.

[0082] The polyamide microparticles related to the inven-
tion may be also manufactured by, in addition to the method
described above, performing a post-treatment for increasing
crystallite size or crystallinity of microparticles that are pro-
duced by a method known in the field like a method of
obtaining particles by polymerizing a monomer of the polya-
mide in a non-solvent, a method of obtaining particles by
adding a non-solvent to a polyamide solution, a method of
spraying and drying a polyamide solution with a spray dryer,
oramethod of cooling the solution itselfafter it is obtained by
dissolving the polyamide at high temperatures.

[0083] As for the post-treatment method for increasing
crystallite size or crystallinity of the microparticles that are
produced according to the method known in the field, a
method of performing for an appropriate time the annealing
under reduced pressure like 100 Torr or less at the temperature
which is higher than the glass transition temperature but
lower than melting point of the polyamide as a subject can be
mentioned. At the annealing temperature lower than the glass
transition temperature, mobility of the polyamide molecular
chain is not sufficient, and therefore undesirable. On the other
hand, at the annealing temperature higher than the melting
point, the polyamide in particles may be melted, and therefore
undesirable. Further, if the pressure is not under pressure like
100 Torr or less, the polyamide is degraded by oxidation,
yielding decomposition and yellowing or the like, and there-
fore undesirable. The annealing time varies depending on
annealing temperature or the like. However, it is generally
within the range of 1 hour to 100 hours.

[0084] Next, the optical film related to the invention is
described.
[0085] Theoptical film related to the invention contains the

polyamide microparticles that are manufactured as above.
Representative embodiments of the optical film include (a)
particles are dispersed in a transparent resin by using the
transparent resin as a binder resin and molded into a plate or
a film shape, (b) particles are formed as a coating film,
together with a binder resin, on a substrate, (c) particles are
adhered on a substrate by having a binder resin as adhesives,
and (d) an adhesive layer including a binder resin and par-
ticles is disposed between the top and bottom plates. Among
them, an optical film in which a resin layer containing the
particles are formed on a transparent substrate, like (b) and (c)
above, is preferable.

[0086] With regard to the (a) above, examples of the trans-
parent resin for dispersing particles include a methacryl resin,
a polystyrene resin, a polycarbonate resin, a polyester resin,
and a polyolefin resin including cyclic form. For enhancing
light diffusing property, the transparent resin is preferably
made of a material with different refractive index compared to
(porous) particles. For inhibiting light scattering, the trans-
parent resin is preferably made of a same kind of material as
the (porous) particles or a material having similar refractive
index to the (porous) particles. Further, for controlling the
light diffusing property by utilizing the unevenness of a sur-
face, itis also possible to apply overcoat of a binder resin only.
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The mixing ratio for the particles is preferably from 0.1 to
60% by weight compared to the total of the transparent resin
and particles.

[0087] When a coating film containing the particles is
formed on a transparent substrate according to the above (b),
a method including mixing and dispersing the particles in a
transparent resin (that is, transparent paint), coating the mix-
ture on surface of a transparent substrate by a means like
spraying method, dipping method, curtain flow method, roll
coating method, and printing method, and curing it by UV
irradiation or heating is used. Examples of the binder used for
atransparent paint include an acrylate resin, a polyester resin,
and a urethane resin.

[0088] As for the transparent substrate, not only the trans-
parent resin plate like a methacrylate resin, a polystyrene
resin, a polycarbonate resin, a polyester resin, a polyolefin
resin including cyclic form, and cellulose based thermoplas-
tic resin but also the inorganic transparent plate like a glass
plate can be used. Among them, even a polyethylene tereph-
thalate or polycarbonate substrate having high birefringence
can be used without a specific problem.

[0089] For forming an optical film, the particles may be
directly adhered on a transparent resin by using a binder resin
(for example, known adhesives) as described in (¢) above.

[0090] According to the optical film related to the inven-
tion, coefficient of variation CV (8) of the degree of depolar-
ization DODP (A, 6) within the wavelength range of 400 to
750 nm, which is represented by the following mathematical
formula 3, is 25% or less when 6=0° to 90°. More preferably,
itis 20% or less. Still more preferably, itis 15% or less. If the
coeflicient of variation CV (8) is greater than 25%, change in
color is increased when a polarizer is attached to a liquid
crystal display and rotated, and therefore undesirable. As
used herein, the term “0” indicates an angle between polar-
ization axes of two polarizers. When the polarization axes are
parallel to each other, 8=0°. When the polarization axes are in
cross Nichol configuration, 6=90°.

T,(A.0)
T4, 0)-T2(4, 0)

[Mathematical formula 3]

DODP(\, 0) = % 100(%)

(where, T, (A, 8) represents light transmittance when an opti-
cal film is inserted without any gap between a polarizer and an
analyzer polarization axes of which are at an angle of 6 and T
(A, 0)T, (A, 0) represents light transmittance when natural
light is incident on two polarizers that are overlapped such
that the polarization axes are at an angle of 0°).

[0091] Further, regarding the optical film related to the
invention, amount of transmitted light compared to linearly
polarized light preferably has little dependency on the angle.
Specifically, when the optical film is installed between a
polarizer having the same polarization axis and a light ana-
lyzer and the film is rotated within the rage of 0 to 360° around
the light axis, coefficient of variation of the amount of trans-
mitted light is preferably 20% or less.

[0092] Further, regarding the optical film related to the
invention, the degree of non-polarization (100-V) obtained
from the Stokes parameter represented by the following
mathematical formula 4 and mathematical formula § is pref-
erably 10% or more, more preferably 15% or more, and still
more preferably 20% or more.
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[Mathematical formula 4]

\ST+853+53

0

100 -v =100~ x 100

(where, V represents degree of polarization)

So=L+l,
S=11,
Sy=2Uyso=(IAL)~T 15T 350

Sy=20p-(LAL)=Ip-1; [Mathematical formula 5]

(where, [ represents strength of horizontal linearly polarized
light component, 1, represents strength of vertical linearly
polarized light component, L,s. represents strength of 45°
linearly polarized light component, I, ... represents strength
of 135° linearly polarized light component, I represents
strength of clockwise circular polarized light component, I,
represents strength of counter-clockwise circular polarized
light component, S, is the Stokes parameter which represents
strength of incident light, S, is the Stokes parameter which
represents the preponderance of a horizontal linearly polar-
ized light component, S, is the Stokes parameter which rep-
resents the preponderance 0f45° linearly polarized light com-
ponent, and S is the Stokes parameter which represents the
preponderance of clockwise circular polarized light compo-
nent).

[0093] The optical film related to the invention preferably
has total light transmittance of 50% to 99% and haze 0f 1% to
99%.

[0094] The optical film related to the invention may have a
type illustrated in FIG. 2(a) in which the film itself is applied
ontop ofaliquid crystal display, a type illustrated in F1G. 2(5)
in which the film is applied between a polarizer at display side
and an anti-reflective layer, or a type illustrated in F1G. 2(¢) in
which the film is applied between a polarizer layer (PVA or
the like) and a protective layer (TAG or the like) within the
polarizer at display side. According to one embodiment of the
invention, the optical film related to the invention may exhibit
an anti-reflection and/or anti-glare activity without requiring
a post treatment of surface. Alternatively, as a protective
layer, a transparent base may be adhered on outer surface of
the optical film. The transparent base that is used is not spe-
cifically limited, if it is transparent. Examples thereof include
a polycarbonate resin, a methacrylate resin, a PET resin, a
polystyrene resin, a polyolefin resin including cyclic form, a
triacetyl cellulose resin, and transparent glass. It is also pref-
erable to perform an anti-reflection treatment, and/or an anti-
glare treatment, and/or a hard coating treatment on outer
surface of the transparent base. Method for adhering a poly-
mer film on a transparent base is not particularly limited, and
a method known in the field may be used.

[0095] Further, the liquid crystal display device equipped
with the optical film related to the invention may have a type
illustrated in FIG. 1(a) in which polarization is eliminated and
light-diffused by the optical film before and after a prism
sheet, a type illustrated in FIG. 1(5) in which polarization is
eliminated and light-diffused on bottom surface ofthe film for
enhancing brightness, and a type illustrated in FIG. 1(c) in
which polarization is eliminated and light-diffused on bottom
surface of a wire grid type reflective polarizer. In any one of
those cases, a light source device, a rear polarizer, a liquid
crystal cell, and a front polarizer are included as a basic
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constitution. Further, although there may be various types
depending on the construction of a liquid crystal cell, at least
four constitutional elements including a light source device, a
polarizer, a liquid crystal cell, and a polarizer are included in
order. If necessary, other constitutional elements like an opti-
cal compensation plate or a color filter may be disposed
between, before, or after those four constitutional elements.
Further, those elements are not particularly limited, and any
of those known in the field may be used. Further, since the
polarizer is present at two sites according to the above con-
stitution, to distinguish them in the specification, the one
disposed between a light source device and a liquid crystal
cell is referred to as a rear polarizer and the other disposed at
further front of a liquid crystal cell is referred to as a front
polarizer.

[0096] The optical film related to the invention may be
placed at further front of the front polarizer. In addition,
according to the liquid crystal display device, an optical com-
pensation plate or a color filter is placed in front of a liquid
crystal cell depending on specific mode. When a color filter is
used, the optical film may be placed in front of the color filter.
When an optical compensation plate is used, the optical film
may be placed at the front side or back side of the optical
compensation plate.

[0097] Further, the optical film related to the invention may
be placed between a light source device and a rear polarizer.
In the liquid crystal display device, a diffuser film or the like
is placed behind a liquid crystal cell, depending on specific
mode. When a diffuser film or the like is used. the optical film
may be placed at the front side or back side of the diffuser
film.

[0098] The optical film related to the invention has very
little variation in wavelength or color tone of polarized light,
and it can efficiently convert polarized light to non-polarized
light that is close to natural light. Thus, by installing the
optical film of the invention to a liquid crystal display device
like a liquid crystal television or a liquid crystal display of a
computer or a cellular phone, the linearly polarized light
emitted from them can be converted to non-polarized light so
that dark field can be eliminated without any discomfort even
when polarized glasses are used. Further, even when it is used
solely, light can be mildly diffused by it, so that eyestrain can
be reduced. Further, by controlling the difference in refractive
index between the particles and a resin binder or by applying
roughness derived from the particles present on film surface,
an anti-reflection activity for preventing residual images of a
fluorescent lamp or the like can be given.

[0099] Further, the optical film related to the invention not
only has a light diffusing effect but also can easily randomize
polarization components reflected from a reflective polarizer,
and therefore it can amplify with high efficiency the polariza-
tion components transmitted from the reflective polarizer.
Thus, by using the optical film related to the invention for a
liquid crystal display device or the like, polarization compo-
nent which passes through a liquid crystal part can be
increased, and therefore brightness can be enhanced.

[0100] Further, even for a case in which the light compo-
nent emitted from a light source device contains polarization
components due to the influence of a light source or a prism
sheet, an influence caused by birefringence of a substrate ina
diffuser sheet on non-uniformity of brightness can be
reduced.
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EXAMPLES

[0101] Herein below, the invention is described in more
detail in view of Examples. However, it is evident that the
invention is not limited to the Examples. Further, measure-
ments of crystallinity, crystallite size, average particle diam-
eter, specific surface, average pore diameter, porosity, poros-
ity index, spherulite structure, and depolarization ability of
polyamide microparticles, and depolarization degree, total
light transmittance (T), haze (H). and transmitted light quan-
tity of an optical film or the like were carried out as described
below.

(Crystallinity of Polyamide Microparticles)

[0102] Crystallinity was measured by DSC (differential
scanning calorimeter). Specifically it is calculated as a ratio
between heat of fusion which is obtained from the area of a
heat absorption peak under nitrogen stream with flow rate of
40 ml/min at the temperature range of 120 to 230° C. with
temperature increase rate of 10° C./min and a known value of
heat of fusion of polyamide (that is, the mathematical formula
6 illustrated below). Further, heat of fusion of polyamide 6
was 45 cal/g as described by R. Vieweg, et. al., kunststoffe IV
polyamide, page 218, Carl Hanger Verlag, 1966.

X=AH_, /AH, %100 [Mathematical formula 6]
(where, X represents crystallinity (%), AH_,_ represents heat
of fusion of a sample (cal/g), and AH,, represents heat of
fusion of polyamide (cal/g)).

(Crystallite Size of Polyamide Microparticles)

[0103] By using rotating anode type X ray diffractometer
RINT2500 manufactured by Rigaku Corporation, diffraction
pattern was obtained from the scanning range of 15 to 40°
under the conditions including using Cuka. ray, tube voltage
of 40 kV, tube current of 130 mA, scanning rate of 10°/min,
and slit condition: DS (divergence slit)/SS (scatter slit)RS
(light receiving slit)=0.5°/0.5°/0.15 mm. From a resulting
diffraction pattern, the crystallite size D was calculated based
on Scherrer equation, which is represented by the following
mathematical formula 7, when Scherrer constant K is 1.

D=K-)M(prcosB) [Mathematical formula 7]
(where, A is a measurement wavelength, [} represents full
width at half maximum, 0 represents position of diffraction
peak, and K represents Scherrer constant, further, when more
than one diffraction peak exist, crystallite size was calculated
for each peak, and the average value was taken as the crys-
tallite size).

(Average Particle Diameter of Polyamide Microparticles)

[0104] Average particle diameter and particle diameter dis-
tribution were measured as an average values of 100,000
microparticles by using a Coulter counter. The number aver-
age particle diameter (Dn) is expressed by the following
mathematical formula 8, volume average particle diameter
(Dv) is expressed by the following mathematical formula 9,
and particle diameter distribution index (PDI) is expressed by
the following mathematical formula 10.
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[Mathematical formula 8]

Dn = Zn: Xi/n
i=1

(where, Xi represents particle diameter of individual particle
and n represents number of the measurements).

n n
Dv:Zxﬁ /ZXi3
HE

i=1

[Mathematical formula 9]

(where, Xi represents particle diameter of individual particle
and n represents number of the measurements).

PDI=Dv/Dn [Mathematical formula 10]

(Specific Surface Area of Polyamide Microparticles)

[0105] For measurement of specific surface area, the BET
three-point evaluation method using nitrogen absorption was
performed.

(Average Pore Diameter and Porosity of Polyamide
Microparticles)

[0106] Average: pore diameter was measured by a mercury
porosimeter. Average pore diameter was obtained within the
measurement range of from 0.0036 to 14 pm. Porosity P of the
porous polyamide microparticles represents ratio between the
volume of polyamide in one particle and void volume (as
represented by the following the mathematical formula 11).
Specifically, when expressed with the accumulated pore vol-
ume in a particle (P,), it is represented by the following the
mathematical formula 12.

P=Vp/(Vp+Vs) [Mathematical formula 11]

(where, V,, represents void volume in particle and V repre-
sents polymer volume in particle).

P=P /(P +(1/p))x100 [Mathematical formula 12]

(where, P, represents accumulated pore volume in particle
and p represents density of a polyamide).

[0107] From a graph of the accumulated pore volume plot-
ted against the pore diameters, accumulated pore volume in a
particle is calculated and the porosity in a particle is calcu-
lated according to the following mathematical formula 13.
For the calculation, p as density of polyamide microparticles
was obtained from crystallinity X obtained by DSC, crystal
density pe, and non-crystal density pa. The crystal density
(pc} and non-crystal density (pa) of polyamide 6 were 1.23
cm’/g and 1.09 cm?/g, respectively.

[Mathematical formula 13]

p=Xpe+(1-X)pa

(Porosity Index of Polyamide Microparticles)

[0108] The porosity index (i.e. roughness index, RI) of the
polyamide microparticles can be represented as a ratio of
BET specific surfacearea, thatis, S, /S, inwhich S isa BET
specific surface area of the porous microparticles and S, .is a
value of a specific surface area of spherical microparticles
having smooth surface and the same particle diameter, and it
is calculated according to the following mathematical formu-
las 14 and 15.

RI=Sp/Sp, [Mathematical formula 14]

Spe=6/d/p [Mathematical formula 15]

(where, d represents diameter of particle and p represents
density of particle).
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(Spherulite Structure of Polyamide Microparticles)

[0109] Determination to see whether the particles have a
spherulite structure in which particles have a sphere or semi-
sphere shape, a spherulite structure with partially lacked
structure (that is, C shape, curved bead shape), or a more
lacked spherulite structure of an axialite type (that is, dumb-
bell shape) can be made by observing cross section of par-
ticles by a scanning or transmission type electron microscope
and examining any radial growth of polyamide fibrils starting
near the center nucleus. Determination was also made by
confirming that the particles are in bright field even when they
are observed under a polarization microscope equipped with
a polarizer and a light analyzer in cross Nichol configuration.

(Depolarization Ability of Polyamide Microparticles)

[0110] First, to 99.46 parts by weight of methyl methacry-
late monomer, 0.34 parts by weight of 2,2"-azobis (isobuty-
ronitrile) (AIBN) as a radical polymerization initiator and
0.20 parts by weight of 1-dodecane thiol(n-lauryl mercaptan)
(n-LM) as a chain transfer agent were added followed by
addition of 1.5 parts by weight of the polyamide micropar-
ticles. After stirring and heat polymerization, a plate-like
resin sheet having thickness of about 0.5 mm, in which the
polyamide microparticles are evenly dispersed, was produced
(herein below, it maybe also referred to as a “polyamide
microparticles dispersion sheet”).

[0111] Next, an integrating sphere is installed at a detection
part, two polarizing films are placed at the entrance such that
polarization axes are vertical to each other (that is, cross
Nichol configuration), and a resin sheet in which the polya-
mide microparticles are evenly dispersed was inserted
between two polarizing films without any gap, and then the
light transmittance T, (1) in the wavelength (A) range of from
400 to 7 50 nm was measured by using a UV/Vis spectropho-
tometer V-570 (manufactured by JASCO Corporation). As for
the polarizing film, high contrast polarizer MLPH40 manu-
factured by MeCan Imaging, Inc. was used. Further, light
transmittance Tp (M) of a resin sheet which does not contain
the polyamide microparticles was measured. Further, the
light transmittance T, (A) of the polarizing film used, the light
transmittance T, (A)'T, (1) when two polarizing films are
overlapped such that the polarization axes are parallel to each
other, and the light transmittance T, (A)T; (h) when two
polarizing films are overlapped such that the polarization axes
are vertical to each other were measured separately. Eased on
the following mathematical formula 20, the extinction ratio v
(M) at wavelength A was calculated. Consequently, according
to the following mathematical formula 1, depolarization coef-
ficient Dpc (M) at wavelength A was obtained. In the following
examples, the depolarization coefficient is the coefficient at
wavelength of 550 nm, unless specifically described other-
wise.

Dpeh) = Dpd) ) [Mathematical formula 1]

f4

(where, ¢, represents volume fraction of polyamide micro-
particles in a resin sheet containing evenly dispersed polya-
mide microparticles and t represents thickness (m) of the
resin sheet).
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V()T /(Ti(A)-
L) T,() -1
v(Ad) -1

[Mathematical formula 2]

(where, v (\) represents extinction ratio of a polarizing film,
T, (\) represents light transmittance of a polarizing film, T,
() represents maximum light transmittance when linearly
polarized light is incident on a polarizing film, T, (1) repre-
sents light transmittance of a resin sheet which does

[0112] not contain polyamide microparticles, and T, (M)
represents light transmittance when a resin sheet containing

evenly dispersed polyamide microparticles is inserted
between two polarizing films in cross Nichol configuration).

[Mathematical formula 20]

(where, T, (A) represents maximum light transmittance when
linearly polarized light is incident on a polarizing film and T,
() represents minimum light transmittance when linearly
polarized light is incident on a polarizing film).

(Degree of Depolarization of an Optical Film)

[0113] Anintegrating sphere is installed at a detection part,
two polarizing films are placed at the entrance such that
polarization axes are at an angle of 6 (°), and a resin sheet in
which the polyamide microparticles are evenly dispersed was
inserted between two polarizing films without any gap, and
then the light transmittance T (A, 0) in the wavelength (A)
range of from 400 to 750 nm was measured by usinga UV/Vis
spectrophotometer V-570 (manufactured by JASCO Corpo-
ration). As for the polarizing film, high contrast polarizer
MLPH40 manufactured by MeCan Imaging, Inc. was used.
Further, the light transmittance T, (A, 0)-T, (A, 0) when two
polarizing films are overlapped such that the polarization axes
are parallel to each other, that is, 8=0° was measured. And
then, based on the following mathematical formula 3, degree
of depolarization (DODP) was calculated. In the following
examples, the degree of depolarization is the degree at wave-
length of 550 nm, unless specifically described otherwise.

T,A. 0)
14, 9)-T2(,0)

[Mathematical formula 3]

DODPQ, 6) = x 100(%)

(where, T (A, 6) represents light transmittance when an opti-
cal film is inserted without any gap between a polarizer and an
analyzer polarization axes of which are at an angle of 6 and T,
(A, 0)'T, (A, 0) represents light transmittance when natural
light is incident on two polarizers that are overlapped such
that the polarization axes are at an angle of 0°).

(Coefficient of Variation of Degree of Depolarization in
Accordance with Wavelength)

[0114] Coefficient of variation CV (0) of degree of polar-
ization DODP (A, 8) at wavelength A was measured from the
standard deviation and mean value of the degree of depolar-
ization within the wavelength range of from 400 to 750 nm.
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(Angle Dependency of Transmitted Light Amount Against
Linearly Polarized Light)

[0115] Fiber light source of a halogen lamp, a polarizer, a
analyzer, a slit, and a detector were placed linearly along the
central axis ofa light source so as to align the polarization axis
of the polarizer and the analyzer. Thereafter, an optical film to
be measured was placed between the polarizer and the ana-
lyzer, and the strength of transmitted light was measured
when the optical film is subjected to 5° pitch rotation from 0
to 360° around the optical center. Schematic diagram of the
measurement device is illustrated in FIG. 5.

(Non-Polarization Degree of Light Transmitted From Optical
Film)

[0116] Horizontally polarized light component was inci-
dent on an optical film and polarization state of the transmit-
ted light was measured. For the measurement of polarization
state, spectrophotometric stokes polarimeter Poxi-spectra
(manufactured by TOKYO INSTRUMENTS, INC) was used
and polarization state was measured at 550 nm.

[0117] Polarization state of light can be described with four
Stokes parameter of S, to S;. So is the Stokes parameter
which represents strength of incident light, S, is the Stokes
parameter which represents the preponderance of a horizontal
linearly polarized light component, S, is the Stokes parameter
which represents the preponderance of 45° linearly polarized
light component, and S, is the Stokes parameter which rep-
resents the. preponderance of clockwise circular polarized
light component, respectively, and they are represented by the
following mathematical formula 3.

So=L+l,
S=11,
Sy=2Uyso=(IAL)~T 15T 350

Sy=20p-(LAL)=Ip-1; [Mathematical formula 5]

(where, [ represents strength of horizontal linearly polarized
light component, I, represents strength of vertical linearly
polarized light component, 1.;- represents strength of 45°
linearly polarized light component, I, ;. represents strength
of 135° linearly polarized light component, I represents
strength of clockwise circular polarized light component, I,
represents strength of counter-clockwise circular polarized
light component, S, is the Stokes parameter which represents
strength of incident light, S, is the Stokes parameter which
represents the preponderance of a horizontal linearly polar-
ized light component, S, is the Stokes parameter which rep-
resents the preponderance 0f45° linearly polarized light com-
ponent, and S; is the Stokes parameter which represents the
preponderance of clockwise circular polarized light compo-
nent).

[0118] Completely polarized state is represented by the
following mathematical formula 16 and completely non-po-
larized state is represented by the following mathematical
formula 17. Further, partially polarized state is represented by
the following mathematical formula 18.

S =8 248524857 [Mathematical formula 16]

$,=8,=8,=0 [Mathematical formula 17]

8078248524857

[0119] Further, ratio of the strength of completely polarized
light compared to incident strength S, is defined as degree of
polarization V, and it is represented by the following math-
ematical formula 19.

[Mathematical formula 18]
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[Mathematical formula 19]

S+ 55+ 52
v 0
So

[0120] When'V is 100%, all the exit light can be described
as a polarized component. When V value is lower than that, it
indicates that random components which may not be
described as a polarized component exists. When polarized
components in random state are defined as non-polarization,
the degree of non-polarization is expressed as (100-V).

(Total Light Transmittance and Haze of Optical Film)

[0121] Total light transmittance (T) and haze (H) were mea-
sured by using the haze meter NDH5000 (manufactured by
NIPPON DENSHOKU INDUSTRIES CO., LTD.) with ref-
erence to JIS K7361-1 and JIS K7136.

(Brightness Measurement)

[0122] Brightness was measured by using a luminance
meter [L.S-110 manufactured by Konica Minolta and a back
light unit of a commercially available 32-inch liquid crystal
television. The back light unit consists of, from the bottom
surface, a light source LED, a diffuser plate, two sheets of
prism, and a reflective polarizer (DBEF), and constitution A
corresponds to a case in which an optical film is placed
between the prism sheet and a reflective polarizer and consti-
tution B corresponds to a case in which an optical film is
placed between the prism sheet and a diffuser film. For bright-
ness measurement, an absorption type polarizer is further
placed on the most bright top surface of a reflective polarizer
(DBEF), and then the brightness was measured for the con-
stitution A and constitution B, respectively.

Example 1

[0123] Polyamide 6 (manufactured by Ube Industries, Ltd.,
molecular weight: 13,000) was mixed with glycerin in a ves-
sel so that the weight concentration of polyamide is 20% by
weight. Temperature of the solution was increased while
introducing nitrogen gas to the system. Since the polyamide
started to melt at 180° C., it was taken as the phase separation
temperature. The temperature was further increased and the
mixture was dissolved by heating under stirring until the
temperature reaches 200° C. to give homogeneous solution.
To the resulting solution, 80° C. glycerin was added within a
minute under stirring until the temperature becomes 140°
C.z1° C., which is 40° C. lower than the phase separation
temperature. After stirring again for 20 seconds and confirm-
ing that there is no concentration instability, it was kept in an
oil bath at 140° C. As a result, about 15 seconds after keeping,
the solution started to get clouded and precipitates of homo-
geneous polyamide 6 were obtained without having any
lump-like deposits in the vessel. The precipitates obtained
were washed with methanol, dried at room temperature, and
observed under a scanning electron microscope (SEM). As a
result, porous particles of axialite type (that, is, dumbbell
shape) as illustrated in FIG. 4 were observed. When observed
under a polarization microscope, the particles showed a
bright field evenin a cross Nichol configuration, and therefore
local presence of a spherulite structure was confirmed. With
regard to the particles obtained, number average particle
diameter was 11.5 pm, volume average particle diameter was
16.4 um, and PDI was 1.4, indicating the particles with rela-
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tively even particle size. Further, the crystallinity was 51.9%,
size of a crystallite was 13.9 nm, specific surface area was 8.4
m?/g, and average pore diameter was 14.2 nm. Further, depo-
larization coefficient of the particles was 2.85/m and the
degree of depolarization of a polyamide microparticle-dis-
persed sheet was 20.1%. Results of the light transmittance of
the polyamide microparticle-dispersed sheet are illustrated in
FIG. 5.

Comparative Example 1

[0124] To a solution containing phenol and methanol at
weight ratio of 9:1, polyamide 6 (molecular weight: 13,000)
was added and dissolved therein to prepare polyamide 6
solutionin which polyamide 6 concentration is 5% by weight.
To one part by weight of the resulting nylon solution, a mix-
ture prepared by mixing in advance methanol and water in an
amount of 7 parts by weight and 0.5 parts by weight, respec-
tively, was added. The temperature was room temperature.
After keeping it for 24 hours, the precipitation was termi-
nated. After that, the polymer was isolated by centrifuge, and
while adding 50° C. methanol in an amount of 100 times the
microparticles, dehydration by centrifuge was carried out.
The particles were then washed and dried at room tempera-
ture. The polymer particles obtained were observed under a
scanning electron microscope, and they were found to be
relatively even and spherical porous particles having number
average particle diameter of 10.0 pm and volume average
particle diameter of 13.8 pm. SEM image of the particles
obtained is illustrated in FIG. 6. The particles obtained have
average pore diameter of 56.8 nm, crystallite size of 11.2 nm,
PDI of 1.4, specific surface area of 21.4 m?/g, porosity index
RIof42.1, and crystallinity of 56%. The depolarization coef-
ficient of the particles was 1.11/m and the degree of depolar-
ization of the polyamide microparticles-dispersed sheet was
8.6%. Results of the light transmittance of the polyamide
microparticles-dispersed sheet are illustrated in FIG. 5.

Example 2

[0125] With respect to Example 1, a glycerin solution was
prepared so that the polyamide weight concentration is 2% by
weight. To the resulting solution, 80° C. glycerin was added
within a minute under stirring until the temperature becomes
130° C.£1° C., which is 50° C. lower than the phase separa-
tion temperature. After stirring again for 20 seconds and
confirming that there is no concentration instability, it was
kept in an oil bath at 130° C. As a result, about 25 seconds
after keeping, the solution started to get clouded and precipi-
tates of homogeneous polyamide 6 were obtained without
having any lump-like deposits in the vessel. The precipitates
obtained were washed with methanol, dried at room tempera-
ture, and observed under a SEM. As a result, porous particles
with approximately spherical shape were observed. When the
cross section was observed under a transmission electron
microscope (TEM), the particles were shown to have a
spherulite structure in which the fibrils grow radially starting
near the center. With regard to the particles obtained, number
average particle diameter was 15.1 pm and volume average
particle diameter was 17.6 um, indicating the particles with
relatively even particle size. Further, the crystallinity was
58.6%, size of a crystallite was 12.4 nm, and specific surface
area was 7.6 m*/g. Further, depolarization coefficient of the
particles was 2.81/m.
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Comparative Example 2

[0126] With respect to Example 1, a glycerin solution was
prepared so that the polyamide weight concentrationis 5% by
weight. After stopping the stirring, the solution obtained was
cooled at the rate of 2.4° C./min. As a result, the solution
started to be opaque at the temperature of 160° C., which is
20° C. lower than the phase separation temperature. In accor-
dance with further decrease in temperature, the solution
became more opaque at the temperature which is 40° C. lower
than the phase separation temperature. The precipitates
obtained were washed with methanol, dried at room tempera-
ture, and observed under a SEM. As a result, porous particles
in which spherulite particles are aggregated were observed.
The polyamide 6 particles obtained showed a big lump-like
precipitates. Aggregates of the particles have the crystallinity
of 58.2% and size of a crystallite of 10.3 nm. Further, depo-
larization coefficient of the particles was 1.35/m.

Exaniple 3

[0127] Polyamide 6 (manufactured by Ube Industries, Ltd.,
molecular weight: 13,000) was mixed with ethylene glycol in
avessel so that the weight concentration of polyamide is 10%
by weight. Temperature of the solution was increased while
introducing nitrogen gas to the system. Since the polyamide
started to melt at 150° C., it was taken as the phase separation
temperature. The temperature was further increased and the
mixture was dissolved by heating under stirring until the
temperature reaches 180° C. to give homogeneous solution.
To the resulting solution, 40° C. ethylene glycol was added
within a minute under stirring until the temperature becomes
110° C.x1° C., which is 40° C. lower than the phase separa-
tion temperature. After stirring again for 20 seconds and
confirming that there is no concentration instability, it was
kept in an oil bath at 110° C. As a result, about 50 seconds
after keeping, the solution started to get clouded and precipi-
tates of homogeneous polyamide 6 were obtained without
having any lump-like deposits in the vessel. The precipitates
obtained were washed several times with methanol, dried at
room temperature, and observed under a scanning electron
microscope and the particle diameter thereof was measured.
The results are given in FIG. 7. As a result, porous particles
with approximately curved bead shape (that is, C shape)
having relatively even particle size, that is, number average
particle diameter was 20.1 pm and volume average particle
diameter was 23.5 um, were observed. From the TEM image
of the cross section, it was confirmed that the particles have a
spherulite structure. With regard to the particles obtained, the
crystallinity was 52.3%, size of a crystallite was 14.3 nm,
specific surface area was 5.1 m*/g, and average pore diameter
was 55 nm. Further, depolarization coefficient of the particles
was 2.59/m and the degree of depolarization of a polyamide
microparticle-dispersed sheet was 18.9%. Results of the light
transmittance of the polyamide microparticle-dispersed sheet
are listed in FIG. 5.

Comparative Example 3

[0128] By having the ethylene glycol solution of the polya-
mide of Example 3 in a stainless vat, which has been incu-
bated at 75° C., for 30 min as a liquid film with thickness of
1.5 mm, the precipitates of polyamide 6 were obtained. The
precipitates obtained were washed several times with metha-
nol, dried at room temperature, and observed under SEM.
Particle size was also measured. With respect to the polya-

Feb. 14, 2013

mide microparticles obtained, number average particle diam-
eter was 9.8 um, volume average particle diameter was 14.0
um, average pore diameter was 19 nm, PDI was 1.43, specific
surface area was 3.0 m?/g, the crystallinity was 47.5%, and
size of a crystallite was 12.6 nm. Further, depolarization
coefficient of the particles was 1.01/m and the degree of
depolarization of a polyamide microparticle-dispersed sheet
was 7.7%. Result s of the light transmittance of the polyamide
microparticle-dispersed sheet are illustrated in FIG. 5.

Example 4

[0129] With respect to Example 3, an ethylene glycol solu-
tion was prepared so that the polyamide weight concentration
is 2% by weight. To the resulting solution, 20° C. ethylene
glycol was added within a minute under stirring until the
temperature becomes 100° C.x1° C., which is 50° C. lower
than the phase separation temperature. After stirring again for
20 seconds and confirming that there is no concentration
instability, it was kept in an oil bath at 100° C. As a result,
about 80 seconds after keeping, it started to get clouded and
precipitates of homogeneous polyamide 6 were obtained
without having any lump-like deposits in the vessel. The
precipitates obtained were washed with methanol, dried at
room temperature, and observed under a scanning electron
microscope. As a result, porous particles of axialite type (that
1s, dumbbell shape) were observed. When observed under a
polarization microscope, Parts of the particles showed a
bright field even in a cross Nichol configuration, and therefore
a spherulite structure was confirmed. With regard to the par-
ticles obtained, number average particle diameter was 18.2
pm and volume average particle diameter was 21.6 pm, indi-
cating the particles with relatively even particle size. Further,
the specific surface area was 6.4 m*g, crystallinity was
56.6%, and size of a crystallite was 12.9 nm. Further, depo-
larization coefficient of the particles was 2.52/m.

Comparative Example 4

[0130] With respect to Example 3, an ethylene glycol solu-
tion was prepared so that the polyamide weight concentration
is 10% by weight. After stopping the stirring, the solution
obtained was cooled in air at the rate of 1.6° C./min. As a
result, film-like precipitates were observed at solution surface
near the temperature of 140° C. In accordance with further
decrease in temperature, the entire solution started to get
gellified near 120° C., and at the temperature of 115° C., the
solution was completely solidified. The solids obtained were
rather soft, thus easily disintegrated. The solids were disinte-
grated, washed with methanol, dried at room temperature,
and the precipitates in powder state were observed under a
SEM. As aresult, a porous structure having curved beads that
are looked like linked to each other was observed. Thus-
obtained powder of polyamide 6 has poor feeling, and huge
lump-like precipitates were also observed. The crystallinity
was 52.0% and size of a crystallite was 10.8 nm. Further,
depolarization coefficient of the particles was 1.12/m.

Example 5

[0131] With respect to Example 3, an ethylene glycol solu-
tion was prepared so that the polyamide weight concentration
is 2% by weight. To the resulting solution, 30° C. ethylene
glycol was added within a minute under stirring until the
temperature becomes 130° C.x1° C., which is 20° C. lower
than the phase separation temperature. After stirring again for
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20 seconds and confirming that there is no concentration
instability, it was kept in an oil bath at 130° C. As a result,
about 10000 seconds after keeping, it started to get clouded
and lump-like deposits occurred simultaneously, yielding
uneven precipitates of polyamide 6. The precipitates obtained
were collected, washed with methanol, dried at room tem-
perature, and observed under a SEM. As a result, porous and
lump-like particles having spherulite structure that are looked
like linked to each other were observed. Number average
particle diameter was 25.3 um, volume average particle diam-
eter was 40.3 um, and specific surface area was 6.4 m?*/g.
Further, the crystallinity was 59.2% and size of a crystallite
was 13.1 nm. Further, depolarization coefficient of the par-
ticles was 2.48/m.

Example 6

[0132] With respect to Example 3, an ethylene glycol solu-
tion was prepared so that the polyamide weight concentration
is 3% by weight. To the resulting solution, 30° C. ethylene
glycol was added within a minute under stirring until the
temperature becomes 80° C.x1° C., which is 70° C. lower
than the phase separation temperature. As a result the precipi-
tates started to appear during stirring and the solution became
opaque, and therefore the stirring was immediately stopped
and the mixture was kept in an oil bath at 80° C. The precipi-
tates obtained were washed with methanol, dried at room
temperature, and observed under a SEM. As a result, slightly
aggregated polyamide particles of axialite type were
observed. Number average particle diameter was 18.6 um,
volume average particle diameter was 32.2 pm, and specific
surface area was 4.9 m*/g. Further, the crystallinity was
54.8% and size of a crystallite was 12.8 nm. Further, depo-
larization coefficient of the particles was 2.39/m.

Example 7

[0133] Polyamide 6 (manufactured by Ube Industries, Ltd.,
molecular weight: 13,000) was mixed with 1,3-butane diol in
a vessel so that the weight concentration of polyamide is 1%
by weight. Temperature of the solution was increased while
introducing nitrogen gas to the system. Since the polyamide
started to melt at 152° C., it was taken as the phase separation
temperature. The temperature was further increased and the
mixture was dissolved by heating under stirring until the
temperature reaches 170° C. to give homogeneous solution.
To the resulting solution, 40° C. 1,3-butane diol was added
within a minute under stirring until the temperature becomes
105° C.x1° C., which is 47° C. lower than the phase separa-
tion temperature. After stirring again for 20 seconds and
confirming that there is no concentration instability, it was
kept in an oil bath at 105° C. As a result, about 870 seconds
after keeping, it started to get clouded and precipitates of
homogeneous polyamide 6 were obtained without having any
lump-like deposits in the vessel. The precipitates obtained
were washed with methanol, dried at room temperature, and
observed under a SEM. As aresult, porous particles of axialite
type (that is, dumbbell shape) were observed. When observed
under a polarization microscope, the particles showed a
bright field evenin a cross Nichol configuration, and therefore
local presence of a spherulite structure was confirmed. With
regard to the particles obtained, number average particle
diameter was 19.9 um and volume average particle diameter
was 22.6 jum, indicating the particles with relatively even
particle size. Further, the crystallinity was 59.8%, size of a
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crystallite was 12.7 nm, and specific surface area was 8.9
m?/g. Further, depolarization coefficient of the particles was
2.61/m.

Example 8

[0134] Polyamide 6 (manufactured by Ube Industries, Ltd.,
molecular weight: 13,000) was mixed with ethylene glycol in
avessel so that the weight concentration of polyamide is 20%
by weight. Temperature of the solution was increased while
introducing nitrogen gas to the system. Since the polyamide
started to melt at 150° C., it was taken as the phase separation
temperature. The temperature was further increased and the
mixture was dissolved by heating under stirring until the
temperature reaches 160° C. to give homogeneous solution,
which was kept for 6 hours at 160° C. To the resulting solu-
tion, 40° C. ethylene glycol was added within a minute under
stirring until the temperature becomes 100° C.=1° C., which
is 50° C. lower than the phase separation temperature. After
stirring again for 20 seconds and confirming that there is no
concentration instability, it was kept in an oil bath at 100° C.
As a result, about 15 seconds after keeping, it started to get
clouded and precipitates of homogeneous polyamide 6 were
obtained without having any lump-like deposits in the vessel.
The precipitates obtained were washed with methanol, dried
at room temperature, and observed under a scanning electron
microscope (SEM). As a result, porous particles having a
curved bead shape (that is, C shape) were observed. The
specific surface area was 13.2 m*g. The number average
particle diameter was 14.4 um, volume average particle diam-
eter was 19.5 um, and PDI was 1.35, indicating the particles
with relatively even particle size. Further, the crystallinity
was 57.9% and size of a crystallite was 13.9 nm. Further,
depolarization coefficient of the particles was 2. 97/m.

Comparative Example 5

[0135] To a solution containing phenol and methanol at
weight ratio of 9:1, polyamide 6 (molecular weight: 11,000)
was added and dissolved therein to prepare polyamide 6
solution in which polyamide 6 concentration is 20% by
weight. To one part by weight of the resulting nylon solution,
amixture prepared by mixing in advance methanol and water
in an amount of 6 parts by weight and 1.5 parts by weight,
respectively, was added. The temperature was room tempera-
ture. After keeping it for 24 hours, the precipitation was
terminated. After that, the polymer was isolated by centri-
fuge, and while adding 50° C. methanol in an amount of 100
times the microparticles, dehydration by centrifuge was car-
ried out. The particles were then washed and dried at room
temperature. The polymer particles obtained were observed
under a scanning electron microscope. and they were found to
be relatively even and spherical porous particles having num-
ber average particle diameter of 15.6 um and volume average
particle diameter of 23.2 pm. The specific surface area was
7.1 m*/g. Further, the size of a crystallite was 11.5 nm, PDI
was 1.5, and crystallinity was 49%. Further, depolarization
coeflicient of the particles was 1.32/m.

Example 9

[0136] The particles obtained from Comparative Example
5 were subjected to drying under reduced pressure at 100 Torr
or less for four hours at 180V C. The particles obtained were
observed under a scanning electron microscope, and they
were found to be relatively even and spherical porous par-
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ticles having number average particle diameter of 15.0 um
and volume average particle diameter of 24.1 um. The spe-
cific surface area was 5.2 m*/g. Further, the size of a crystal-
lite was 12.5 nm, PDI was 1.6, and crystallinity 53%. Further,
depolarization coefficient of the particles was 2.31/m.

Example 10

[0137] Polyamide 6 (manufactured by Ube Industries, Ltd.,
molecular weight: 13,000) was mixed with ethylene glycol in
avessel so that the weight concentration of polyamide is 20%
by weight. Temperature of the solution was increased while
introducing nitrogen gas to the system. Since the polyamide
started to melt at 150° C., it was taken as the phase separation
temperature. The temperature was further increased and the
mixture was dissolved by heating under stirring until the
temperature reaches 160° C. to give homogeneous solution,
which was kept for 6 hours at 160° C. To the resulting solu-
tion, 40° C. ethylene glycol was added within a minute under
stirring until the temperature becomes 100° C.x1° C., which
is 50° C. lower than the phase separation temperature. After
stirring again for 20 seconds and confirming that there is no
concentration instability, it was kept in an oil bath at 100° C.
As a result, about 15 seconds after keeping, it started to get
clouded and precipitates of homogeneous polyamide 6 were
obtained without having any lump-like deposits in the vessel.
The precipitates obtained were washed with methanol, dried
at room temperature, and observed under a scanning electron
microscope (SEM). As a result, porous particles having a
curved bead shape (that is, C shape)illustrated in FIG. 8 were
observed. The number average particle diameter was 14.4
um, volume average particle diameter was 19.5 um, and PDI
was 1.35, indicating the particles with relatively even particle
size. Further, the crystallinity of the particles obtained was
measured by DSC measurement, and as a result, the crystal-
linity was 57.9% and size of a crystallite was 13.9 nm. Fur-
ther, depolarization coefficient of the particles was 2.97/m.
The degree of depolarization of a polyamide microparticle-
dispersed sheet was 24.4%. Coefficient of variation CV (0) of
the degree of depolarization within the wavelength range of
400 to 750 nm was 11.9%.

Comparative Example 6

[0138] To a solution containing phenol and 2-propanol
(IPA) at weight ratio of 9:1, polyamide 6 (manufactured by
Ube Industries, Ltd., molecular weight: 11,000) was added
and dissolved therein to prepare polyamide 6 solution in
which polyamide 6 concentration is 20% by weight. To one
part by weight of the resulting polyamide solution, a mixture
prepared by mixing in advance IPA and water in an amount of
3 parts by weight and 2.6 parts by weight, respectively, was
added. The temperature was 20° C. After keeping it for 24
hours, the precipitation was terminated. After that, the poly-
mer was isolated by centrifuge, and while adding 50° C. IPA
in an amount of 100 times the microparticles, dehydration by
centrifuge was carried out. The particles were then washed.
The polymer particles obtained were observed under a scan-
ning electron microscope, and they were found to be rela-
tively even and spherical porous particles having number
average particle diameter of 5.50 pm and volume average
particle diameter of 6.49 pm. Further, the average pore diam-
eter was 0.05681 um, PDI was 1.18, specific surface area was
21.4 m*/g, and porosity index RI was 42.1. Further, the crys-
tallinity of the polymer particles was 51.7% and size of a
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crystallite was 11.3 nm. As illustrated in FIG. 9, the single
particle of the porous particles was illustrated to have a
spherulite structure by itself, in which the nylon fibrils grow
radially and three dimensionally starting from a single
nucleus or multiple nuclei at the center. Further, depolariza-
tion coefficient of the particles was 0.53/m. The degree of
depolarization of a polyamide microparticle-dispersed sheet
was 4.51%. Coefficient of variation CV (0) of the degree of
depolarization within the wavelength range of 400 to 750 nm
was 38.0%.

Example 11

[0139] To 20 parts by weight of the particles prepared in
Example 10, 50 parts by weight of urethane acrylate based
oligomer (UV-7600B, manufactured by The Nippon Syn-
thetic Chemical Industry Co., Ltd.), 0.8 parts by weight of
1-hydroxy-cyclohexyl phenyl ketone (manufactured by
Wako Pure Chemical Industries, Ltd.) as a photopolymeriza-
tion initiator, and 50 parts by weight of toluene wer. evenly
dispersed to give a slurry. The resulting slurry was coated on
a triacetyl cellulose (TAG) substrate using a bar coater. With
UV illumination (850 mJ/cm?), curing and drying treatment
was carried out to manufacture an optical film having a resin
layer containing the polyamide microparticles on a TAC sub-
strate. Coefficient of variation CV (8) of the degree of depo-
larization within the wavelength range of 400 to 750 nm was
5.3%. The wavelength dependency of the degree of depolar-
ization of the optical film is illustrated in FIG. 10.

Comparative Example 7

[0140] By using the particles prepared in Comparative
Example 6, the optical film was manufactured in the similar
manner as Example 11. Coefficient of variation CV (8) of the
degree of depolarization within the wavelength range of 400
to 750 nm was 29.2%. The wavelength dependency of the
degree of depolarization of the optical film is illustrated in
FIG. 10.

Comparative Example 8

[0141] For the Y4 wavelength retardation plate (4 wave-
length retardation plate MCR 140U, manufactured by MeCan
Imaging, Inc. ), coefficient of variation CV (0) of the degree
of depolarization within the wavelength range of 400 to 750
nm was 28.1%. The wavelength dependency of the degree of
depolarization of Y4 wavelength retardation plate is illustrated
in FIG. 10.

Example 12

[0142] It was confirmed that, when a polarizing film is
placed on a liquid crystal display and the angle 0 between the
polarization axis of a liquid crystal display and light axis of a
polarizing film was congruent (6=0°), a bright field was
obtained, and by tilting 90 degrees (6=90°) to the right or to
the left from the light axis of bright field, completely dark
field was obtained. Next, the optical film obtained from
Example 11 was adhered on a screen of a liquid crystal
display and observed under a fluorescent lamp. As a result, an
anti-reflection function with reduced reflected glare of a fluo-
rescent lamp was confirmed. Further, on the optical film pro-
duced in Example 11, a polarizing film was placed at various
angles compared to the polarization axis of a liquid crystal
display, and as a result, a clear image was seen on the liquid
crystal display even under a state in which the polarizing film
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is tilted 90 decrees to the right or to the left from the light axis
of bright field, indicating that the dark field is eliminated and
there is almost no change in color tone of a display image is
observed. Accordingly, it was clearly illustrated that, by using
the optical film of the invention, linearly polarized light can
be converted with high efficiency to non-polarized light.

Comparative Example 9

[0143] A similar process as Example 12 was performed
except that a V4 wavelength retardation plate (Y4 wavelength
retardation plate MCR 140U, manufactured by MeCan Imag-
ing, Inc.) is used. As a result, a reflected glare of the fluores-
cent lamp was observed, indicating that there is no anti-
reflection function. Further, when the polarization axis of a
liquid crystal display and polarization axis of a polarizing
film are congruent (6=0°), image on the liquid crystal display
obtained via the ¥4 wavelength retardation plate appeared to
be yellowish, and when the polarization axis of a liquid crys-
tal display and polarization axis of a polarizing film are per-
pendicular to each other (6=90°), the image appeared to be
bluish, indicating the change in color tone.

Comparative Example 10

[0144] A similar process as Example 12 was performed
except that a polyethylene terephthalate (PET) film is used.
As a result, reflected glare of the fluorescent lamp was
observed, indicating that there is no anti-reflection function.
Further, regardless of the angle 6 between the polarization
axis of a liquid crystal display and light axis of a polarizing
film, image on the liquid crystal display can be obtained.
However, color non-uniformity with rainbow color due to
retardation, that is caused by birefringence on an entire film,
was generated, and therefore the screen image was extremely
difficult to see.

Example 13

[0145] Theoptical film was produced in the similar manner
as Example 11 except that a polyethylene terephthalate (PET)
substrate is used instead of a triacetyl cellulose (TAC) sub-
strate. After that, a similar process as Example 12 was per-
formed. As a result, it was confirmed that the optical film of
the invention has an anti-reflection function with reduced
reflected glare of the fluorescent lamp. Further, even when the
polarizing film is tilted 90 degrees to the right or to the left
compared to the light axis of light field, an image on a liquid
crystal display can be clearly seen, and therefore it was con-
firmed that not only the dark field is eliminated but also color
non-uniformity with rainbow color, that is caused by birefrin-
gence of PET, is eliminated, thus the color tone change of an
image was almost eliminated.

Example 14

[0146] To 20 parts by weight of the particles prepared in
Example 10, 50 parts by weight of urethane acrylate based
oligomer (UV-7600B, manufactured by The Nippon Syn-
thetic Chemical Industry Co., Ltd.), 0.8 parts by weight of
1-hydroxy-cyclohexyl phenyl ketone (manufactured by
Wako Pure Chemical Industries, L.td.) as a photopolymeriza-
tion initiator, and 50 parts by weight of toluene were evenly
dispersed to give a shurry. The resulting slurry was coated on
a polyethylene terephthalate substrate (50 um) using a bar
coater. With UV illumination (850 mJ/cm?), the curing and
drying treatment was carried out to manufacture an optical
film having a resin layer containing the polyamide micropar-
ticles on a PET substrate. Coefficient of variation CV (8) of
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the degree of depolarization within the wavelength range of
400 to 750 nm was 5.3%. The optical film has haze 0f 46.8%
and total light transmittance of 90.0%. Angle dependency of
transmitted light of the optical film is illustrated in FIG. 11.
When the optical film is rotated around the light axis within
the range of 0 to 360°, coefficient of variation of transmitted
light amount of linearly polarized light was 17.8%. The
degree of non-polarization (100-V), which is obtained from
stokes parameter, was 21.7%.

Comparative Example 11

[0147] The polyethylene terephthalate substrate (50 pm)
used in Example 14 has haze of 0.4% and total light trans-
mittance of 92.8%. Angle dependency of transmitted light of
the optical film is illustrated in FIG. 11. When the optical film
is rotated around the light axis within the range of 0 to 360°,
coefficient of variation of transmitted light amount of linearly
polarized light was 21.6%. The degree of non-polarization
(100-V), which is obtained from stokes parameter, was 0.7%.

Example 15

[0148] An optical film was manufactured in the similar
manner as Example 14 except that thickness of the polyeth-
vylene terephthalate substrate is changed, to 100 pm. Within
the wavelength range of 400 to 750 nm, coefficient of varia-
tion CV (8) of the degree, of depolarization DODP (A, 6) was
5.4 (%) at maximum. The film has haze of 48.1% and total
light transmittance or 38.2%. When the optical film is rotated
around the light axis within the range of 0 to 360°, coefficient
of variation of transmitted light amount of linearly polarized
light was 19.2%. The degree of non-polarization (100-V),
which is obtained from stokes parameter, was 25.3%.

Comparative Example 12

[0149] The polyethylene terephthalate substrate (100 pm)
used in Example 15 has haze of 2.4% and total light trans-
mittance of 90.0%. When the polyethylene terephthalate sub-
strate is rotated around the light axis within the range of 0 to
360°, coefficient of variation of transmitted light amount of
linearly polarized light was 23.7%. The degree of non-polar-
ization (100-V), which is obtained from stokes parameter,
was 0.4%.

Example 16

[0150] To 20 parts by weight of the particles prepared in
Example 10, 50 parts by weight of urethane acrylate based
oligomer (UV-7600B, manufactured by The Nippon Syn-
thetic Chemical Industry Co., Ltd.), 0.8 parts by weight of
1-hydroxy-cyclohexyl phenyl ketone (manufactured by
Wako Pure Chemical Industries, Ltd.) as a photopolymeriza-
tion initiator, and 50 parts by weight of toluene were evenly
dispersed to give a slurry. The resulting slurry was coated on
a triacetyl cellulose (TAG) substrate (80 pm) using a bar
coater. With UV illumination (850 mJ/cm?), the curing and
drying treatment was carried out to manufacture an optical
film having a resin layer containing the polyamide micropar-
ticles on a TAG substrate. Coefficient of variation (CV) 8 of
the degree of depolarization within the wavelength range of
400 to 750 nm was 5.2%. The optical film has haze of 55%.
The optical film was added to a back light unit and brightness
was measured. As a result, the brightness was found to be
1349 (cd/m?) for configuration A and 1422 (cd/m?) for con-
figuration B.
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Comparative Example 13

[0151] A commercially available diffuser film (haze: 55%)
was added to a back light unit and brightness was measured.
As a result, the brightness was found to be 1301 (cd/m?) for
configuration A and 1388 (cd/m?) for configuration B.

REFERENCE SIGNS LIST
[0152] 1 Light diffuser film
[0153] 2 Light source
[0154] 3 Reflecting plate
[0155] 4 Light guide plate
[0156] 5 Prism sheet
[0157] 6 Polarizing film
[0158] 7 Liquid crystal element part
[0159] 11 Brightness enhancement film
[0160] 12 Reflective polarizer layer (DBEF layer)
[0161] 13 Reflective polarizer layer (wire grid type)
[0162] 14 Back light module
[0163] 15 Anti-reflective layer (AG or AR)
[0164] A Optical film of the invention

1-12. (canceled)

13. Polyamide microparticles comprising a spherocrystal
structure and exhibiting a crystallite size of 12 nm or more, as
measured day wide-angle X ray diffraction, and a crystallin-
ity of 50% or more, as measured by DSC.

14. The polyamide microparticles according to claim 13,
wherein number average particle diameter of the correspond-
ing sphere is 1 to 50 um.

15. The polyamide microparticles according to claim 13,
wherein specific surface area is 0.1 to 80 m*/g and the micro-
particles have a porous structure.

16. The polyamide microparticles according to claim 14,
wherein specific surface area is 0.1 to 80 m*/g and the micro-
particles have a porous structure.

17. The polyamide microparticles according to claim 13,
wherein the polyamide is polyamide 6.

18. The polyamide microparticles according to claim 14,
wherein the polyamide is polyamide 6.

19. The polyamide microparticles according to claim 15,
wherein the polyamide is polyamide 6.

20. The polyamide microparticles according to claim 16,
wherein the polyamide is polyamide 6.

21. The polyamide microparticles according to claim 13,
wherein depolarization coefficient Dpc (A) for the light with
wavelength of 550 nm is 1.5/m or more, in which the depo-
larization coefficient is defined by the following mathemati-
cal formula 1 and mathematical formula 2:

DpQ) ” [Mathematical formula 1]

(where, ¢, represents volume fraction of polyamide micro-
particles in a resin sheet containing evenly dispersed
polyamide microparticles and t represents thickness (m)
of the resin sheet).

v T /(T ) -To(A) Tp(A) - 1
v(A) -1

[Mathematical formula 2]

Dpd) =

(where, v (M) represents extinction ratio of a polarizing
film, T, (M) represents light transmittance of a polarizing
film, T, (A) represents maximum light transmittance
when linearly polarized light is incident on a polarizing
film, T,, (M) represents light transmittance of a resin sheet
which does not contain polyamide microparticles, and
T, (M) represents light transmittance when a resin sheet
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containing evenly dispersed polyamide microparticles is
inserted between two polarizing films in cross Nichol
configuration).

22. The polyamide microparticles according to claim 14,
wherein depolarization coefficient Dpc (A) for the light with
wavelength of 550 nm is 1.5/m or more, in which the depo-
larization coefficient is defined by the following mathemati-
cal formula 1 and mathematical formula 2:

DpQ) [Mathematical formula 1]
Dpe) = == /m)
P

(where, ¢, represents volume fraction of polyamide micro-
particles in a resin sheet containing evenly dispersed
polyamide microparticles and t represents thickness (m)
of the resin sheet).

V(A T/ (T1(A) - TH(A) - Tp(d) - 1 [Mathematical formula 2]

bpi) = -1

(where, v (M) represents extinction ratio of a polarizing
film, T, () represents light transmittance of a polarizing
film, T, (A) represents maximum light transmittance
when linearly polarized light is incident on a polarizing
film, T,, () represents light transmittance of a resin sheet
which does not contain polyamide microparticles, and
T, (M) represents light transmittance when a resin sheet
containing evenly dispersed polyamide microparticles is
inserted between two polarizing films in cross Nichol
configuration).

23. The polyamide microparticles according to claim 16,
wherein depolarization coefficient Dpc (1) for the light with
wavelength of 550 nm is 1.5/m or more, in which the depo-
larization coefficient is defined by the following mathemati-
cal formula 1 and mathematical formula 2:

DpQ) [Mathematical formula 1]
Dpety = = (/m)
P

(where, ¢, represents volume fraction of polyamide micro-
particles in a resin sheet containing evenly dispersed
polyamide microparticles and t represents thickness (m)
of the resin sheet).

V(AL T /(T1 () - TaA) - Tp(A) — 1
v(d)-1

[Mathematical formula 2]

Dp@) =

(where, 8 (M) represents extinction ratio of a polarizing
film, T, (A) represents light transmittance of a polarizing
film, T, (&) represents maximum light transmittance
when linearly polarized light is incident on a polarizing
film, T, (A) represents light transmittance of'a resin sheet
which does not contain polyamide microparticles, and
T, (M) represents light transmittance when a resin sheet
containing evenly dispersed polyamide microparticles is
inserted between two polarizing films in cross Nichol
configuration).

24. The polyamide microparticles according to claim 17,
wherein depolarization coefficient Dpc (A) for the light with
wavelength of 550 nm is 1.5/m or more, in which the depo-
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larization coefficient is defined by the following mathemati-
cal formula 1 and mathematical formula 2:

Dpd) [Mathematical formula 1]
6,1 (/m)
»

Dpc(d) =

(where, ¢, represents volume fraction of polyamide micro-
particles in a resin sheet containing evenly dispersed
polyamide microparticles and t represents thickness (m)
of the resin sheet).

V- T /(M) ThA) T,(A) -1
v(d)-1

[Mathematical formula 2]

Dpd) =

(where, v (M) represents extinction ratio of a polarizing
film, T, () represents light transmittance of a polarizing
film, T, (A) represents maximum light transmittance
when linearly polarized light is incident on a polarizing
film, T,, (M) represents light transmittance of a resin sheet
which does not contain polyamide microparticles, and
T, (M) represents light transmittance when a resin sheet
containing evenly dispersed polyamide microparticles is
inserted between two polarizing films in cross Nichol
configuration).

25. The polyamide microparticles according to claim 20,
wherein depolarization coefficient Dpc (A) for the light with
wavelength of 550 nm is 1.5/m or more, in which the depo-
larization coefficient is defined by the following mathemati-
cal formula 1 and mathematical formula 2:

Dpd) athematical formula 1
Dpey = 222y i ]

(where, ¢, represents volume fraction of polyamide micro-
particles in a resin sheet containing evenly dispersed
polyamide microparticles and t represents thickness (m)
of the resin sheet).

V- T /(TIA)-TH(d) Tp(A) - 1
v(A) -1

[Mathematical formula 2]
Dpd) =

(where, v (M) represents extinction ratio of a polarizing
film, T, () represents light transmittance of a polarizing
film, T, (A) represents maximum light transmittance
when linearly polarized light is incident on a polarizing
film, T, (A) represents light transmittance of a resin sheet
which does not contain polyamide microparticles, and
T, (A) represents light transmittance when a resin sheet
containing evenly dispersed polyamide microparticles is
inserted between two polarizing films in cross Nichol
configuration).

26. An optical film comprising a resin layer having the

polyamide microparticles described in claim 13.

27. The optical film according to claim 26, wherein coef-
ficient of variation CV (8) of the degree of depolarization
DODP (., 6) within the wavelength range 0f 400 to 750 nm is
25% or less when 6=0° to 90°, in which the variation coeffi-
cient is represented by the following mathematical formula 3:

T4, 0)
T, 6) T4, 0)

[Mathematical formula 3]

DODPQ, 6) = x 100(%)

(where, T, (%, 0) represents light transmittance when an
optical film is inserted without any gap between a polar-
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izer and an analyzer polarization axes of which are at an
angle of 8 and T, (A, 0)'T, (A, O) represents light trans-
mittance when natural light is incident on two polarizers
that are overlapped such that the polarization axes are at
an angle of 0°).

28. The optical film according to claim 26, wherein non-
polarization degree (100-V) obtained from the Stokes param-
eterrepresented by the following mathematical formula 4 and
mathematical formula 5 is 10% or more:

\/ ST 453 +.53
- - T x

0

[Mathematical formula 4]

100 -v =100~ 100

(where, V represents degree of polarization)

So=L,+L,
Sy=I1,
Sy=2yso~(TAL)~Tj5o-T 350

Sy=2Up-(LAL)=Ip-I; [Mathematical formula 5]

(where, I represents strength of horizontal linearly polar-
ized light component, [, represents strength of vertical
linearly polarized light component, 1,5. represents
strength of 45° linearly polarized light component, I, ;..
represents strength of 135° linearly polarized light com-
ponent, I, represents strength of clockwise circular
polarized light component, 1, represents strength of
counter-clockwise circular polarized light component,
S, 1s the Stokes parameter which represents strength of
incident light, 8, is the Stokes parameter which repre-
sents the preponderance of a horizontal linearly polar-
ized light component, S, is the Stokes parameter which
represents the preponderance of 45° linearly polarized
light component, and S, is the Stokes parameter which
represents the preponderance of clockwise circular
polarized light component).

29. A liquid crystal display device, comprising a light-
source device, arear polarizer, liquid crystal cells, and a front
polarizer, which has the optical film described in claim 26
between the light-source device and either the front surface of
the front polarizer or the rear surface of the rear polarizer.

30. A method of manufacturing polyamide microparticles
comprising mixing the polyamide (A) and the solvent (B),
which acts as a good solvent for the polyamide (A) at high
temperatures but as a non-solvent at low temperatures, heat-
ing the mixture to give a homogeneous polyamide solution,
mixing the polyamide solution with the solvent (C) at low
temperatures under stirring for 3 min or less until the tem-
perature is 20 to 80° C. lower than the phase separation
temperature of the polyamide solution, and keeping the mix-
ture at the same temperature to precipitate the polyamide.

31. The method of manufacturing polyamide micropar-
ticles according to claim 30, wherein the solvent (B) is poly-
hydric alcohol.

32. The method of manufacturing polyamide micropar-
ticles according to claim 30, wherein the polyamide (A) is
polyamide 6.
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