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ALUMINA PARTICLES OF HIGH ASPECT
RATIO, ALUMINA PARTICLE
MANUFACTURING METHOD, RESIN
COMPOSITION, AND RESIN COMPOSITION
MANUFACTURING METHOD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-

tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an alumina particle, a
method of manufacturing the alumina particle, a resin com-
position, and a method of manufacturing the resin composi-
tion.

2. Description of the Related Art

To 1mprove properties of materials such as rigidity and
strength, active studies and developments have been con-
ducted for organic-inorganic nanocomposite materials 1n
which an inorganic particle material 1s blended 1n resin, and
various manufacturing methods thereof have been proposed.
A typical one thereof 1s a composite material described in the
Japanese Patent Examined Publication No. H7-47644. This
publication shows a method to obtain a composite of nylon
and the filler, in which montmorillonite 1s used as an 1nor-
ganic liller of the resin and caprolactam as a raw material of
nylon 1s impregnated between montmonillonite layers to be
polymerized. With this method, mechanical properties of the
composite, for example, strength, elastic modulus, surface
hardness, and heat resistance were improved, but applications
thereol were limited due to the insuilicient transparency,
hydroscopic property, and surface hardness thereof.

The Japanese Patent Unexamined Publication No.
H8-73723 discloses a resin composition including polycar-
bonate (PC) with a rare-earth element blended. This resin
composition was more effective than polycarbonate alone 1n
terms of the transparency, but did not increase in strength,
elastic modulus, surface hardness, and heat resistance.

On the other hand, the Japanese Patent Unexamined Pub-
lication No. H11-343349 discloses a resin window which
achieves an increase 1n rigidity, strength, and the like as well
as an increase 1n transparency. This resin window 1s com-
posed of a transparent resin composition which includes a
transparent amorphous organic polymer and fine silica par-
ticles blended therein, the silica particles having a diameter of
not more than wavelength of visible light. The resin compo-
sition maintains transparency and increases in strength, elas-
tic modulus, 1mpact resistance, and the like to some extent.
However, the silica particles do not adequately reinforce the
resin composition because the aspect ratio thereof 1s 1.

The Japanese Patent Unexamined Publication No.
H7-102112 discloses a resin composition using carbon nano-
tubes as an additive having a diameter of not more than the
wavelength of visible light and a high aspect ratio to increase
the reinforcing effect. However, the resin 1s colored black
with a few percent of the additive, causing a problem of
disfigurement.

Furthermore, alumina and boehmite particles are used as
the filler. The Japanese Patent Unexamined Publication No.
2003-54941 discloses a resin composition obtained by melt-
ing and kneading needle-shaped boehmite and alumina par-
ticles with a long axis length of 1 to 10 um and an aspect ratio
of 40 to 70. However, the fillers have particle sizes consider-
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2

ably exceeding the wavelength of visible light, and the filler
particles are not adequately dispersed in the resin, so that the
resin composition 1s not transparent.

SUMMARY OF THE INVENTION

Using glass fibers or carbon fibers as the filler to improve
the mechanical properties like the conventional compositions
increases the mechanical strength but reduces the transpar-
ency because of size of the fibers themselves. Furthermore,
the surface state such as smoothness and pattern are deterio-
rated, and the resin viscosity increases to reduce the mold-
ability. IT particles with a low aspect ratio are used as the filler
to avoid these problems, the problems are suppressed to some
extent. However, the mechanical strength 1s not increased so
much, and the filler does not reinforce the resin. The mechani-
cal properties, the optical properties including the transpar-
ency and appearance, and the moldability have a trade-oif
relationship. Accordingly, a resin composition containing a
filler improving in these properties has been desired.

The present invention was made for solving the aforemen-
tioned problems, and the object thereot 1s to provide a resin
composition excellent in mechanical strength while main-
taining the transparency.

The first aspect of the present invention provides an alu-
mina particle comprising: an alumina body with a short axis
length of 1 to 10 nm, a long axis length of 20 to 400 nm and
an aspect ratio of 5 to 80, the alumina body being expressed
by a Formula I,

Al,03.nH,0 Formula I

wherein n 1s not less than 0.

The second aspect of the present invention provides a
method of manufacturing an alumina particle comprising;:
adding an alkali aqueous solution 1n an aqueous solution with
an aluminum salt dissolved to produce a reaction mixture
containing a gel material of aluminum hydroxide; first heat-
ing the reaction mixture at a first temperature not lower than
room temperature; after the first heating, second heating the
reaction mixture at a second temperature higher than the first
temperature; aiter the second heating, third heating the reac-
tion mixture at a third temperature lower than the second
temperature; and aiter the third heating, fourth heating the
reaction mixture at a fourth temperature not less than the
room temperature.

The third aspect of the present mnvention provides a resin
composition comprising: resin; and an alumina particle con-
tained 1n the resin as a filler, the alumina particle comprising;:
an alumina body with a short axis length of 1 to 10 nm, a long
axis length of 20 to 400 nm and an aspect ratio of 5 to 80, the
alumina body being expressed by a Formula 1,

Al,O;.nH,0 Formula I

wherein n 1s not less than 0.

The fourth aspect of the present mvention provides a
method of manufacturing a resin composition comprising;:
mixing a monomer as a raw material of resin and an alumina
particle contained 1n the resin as a filler; polymernzing the
monomer in a state where the monomer and the alumina
particle are mixed, wherein a method of manufacturing the
alumina particle comprises: adding an alkali aqueous solution
in an aqueous solution with an aluminum salt dissolved to
produce a reaction mixture containing a gel material of alu-
minum hydroxide; first heating the reaction mixture at a first
temperature not lower than room temperature; after the first
heating, second heating the reaction mixture at a second
temperature higher than the first temperature; aiter the second
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heating, third heating the reaction mixture at a third tempera-
ture lower than the second temperature; and after the third
heating, fourth heating the reaction mixture at a fourth tem-
perature not less than the room temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will now be described with reference to the
accompanying drawings wherein;

FIG. 1 1s a schematic view showing an example of an
alumina particle of the present invention;

FIG. 2 1s an electron micrograph of boehmite particles
manufactured in Example 1;

FIG. 3 1s an electron micrograph of cross sections of the
boehmite particles manufactured in Example 1;

FIG. 4 1s an electron micrograph of boehmite particles
manufacture in Example 7;

FIG. 5 1s an electron micrograph of boehmite particles
manufacture in Example 9;

FIG. 6 1s a table showing experimental conditions of
Examples 1 to 9;

FIG. 7 1s a table showing evaluation results of alumina of
Examples 1 to 11;

FIG. 8 1s a table showing experimental conditions and
evaluation results of resin compositions of Examples 12 to
21; and

FIG. 9 1s a table showing experimental conditions and
evaluation results of resin compositions of Comparative
Examples 2 to 6.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Hereinatter, description will be made of embodiments of
the present invention with reference to the drawings.
Alumina Particle

Alumina particles 1 of the present invention are expressed
by the following general Formula I.

Al,O;.nH,0 Formula I

The above formula expresses aluminum oxide whenn 1s O,
and the aluminum oxide 1s at least one of o alumina, vy alu-
mina, 0 alumina, and 0 alumina. The formula expresses boe-
hmite whenn 1s 1. When n 1s more than 1 and less than 3, the
formula expresses a mixture ol boechmite and alumina hydrate
ol an amorphous structure, which 1s generally called pseudo
boehmite. Furthermore, when n 1s 3 or more, the formula
expresses alumina hydrate of an amorphous structure. The
alumina particles as a filler are at least any one selected from
these. Alumina particles preferable for the filler of a resin
composition are, particularly, ¢ alumina and boehmite 1n
terms of the stability and easy manufacturing.

The alumina particle of the present invention may be either
fiber-shaped, spindle-shaped, stick-shaped, needle-shaped.,
tubular, or columnar. The short axis length of the primary
particle 1s within a range from 1 to 10 nm, the long axis length
thereot 1s within a range from 20 to 400 nm, and the aspect
rat1o thereof 1s within a range from 5 to 80. For obtaining a
highly transparent resin composition by blending the alumina
particles, as shown i FIGS. 1 and 2, 1t 1s preferable that the
particles have aneedle shaped crystals. Specifically, it1s more
preferable that the particle has a short axis length of not more
than 6 nm and a long axis length of 50 to 100 nm. Herein, as
shown 1n FIG. 1, assuming a rectangle A with a smallest area
among rectangles circumscribed to a target particle 1 a
microscope 1mage or the like, the long axis indicates a long,
side a of the rectangle A, and the short axis indicates a short
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4

side b of the above smallest rectangle A. The aspect ratio
indicates a value of the long axis length/the short axis length
(a/b).

As shown 1n FIG. 3, preterably, each alumina particle 1
includes a cylindrical hollow 2 inside. As for the size of the
hollow 2, preferably, the diameter thereof 1s within a range
from 0.5 to 9.5 nm, which 1s not more than the short axis
length of the particles 1, and the length thereof 1s within a
range from 5 to 400 nm, which 1s not more than the long axis
length of the particles. This can reduce the specific gravity of
the alumina particles 1. Accordingly, when the alumina par-
ticles 1 are contained in the resin as the filler, the weight of the
obtained resin composition 1s maintained at a comparatively
lightweight while the mechanical strength of the obtained
resin composition can be increased and the high transparency
thereof can be achieved. In the alumina particles 1 of the
present 1vention, the hollow 2 inside 1s not an essential
clement. In other words, the alumina particles 1 can achieve
the object of the present invention without the hollow 2.
Alumina Particle Manufacturing Method

Next, a description 1s given of a method of manufacturing
the alumina particles of the present mmvention. First, the
description 1s given of a method of manufacturing the boeh-
mite particles with n=1 in the aforementioned general for-
mula.

<Production of Reaction Mixture>

In manufacturing the boehmite, first, an alkaline aqueous
solution 1s added to an aluminum salt aqueous solution to
prepare a gel material of aluminum hydroxide.

The aluminum salt constituting the aluminum salt aqueous
solution 1s at least an aluminum salt selected from aluminum
chloride anhydride, aluminum chlornide hexahydrate, alumi-
num bromide, aluminum bromide hexahydrate, aluminum
10dide, aluminum nitrate nonahydrate, aluminum lactate, alu-
minum sodium sulfate dodecahydrate (sodium alum), alumi-
num perchlorate nonahydrate, aluminum 1sopropoxide, alu-
minum s-butoxide, aluminum t-butoxide, and the like.
Among these, aluminum chloride hexahydrate, aluminum
nitrate nonahydrate, aluminum bromide hexahydrate, alumi-
num sodium sulfate dodecahydrate, and aluminum isopro-
poxide are preferred, which are easily available on the mar-
ket, easy to use, and cheap.

The alkaline aqueous solution 1s added to an action system
to promote hydrolysis of the aluminum salt. An alkaline com-
pound constituting the alkaline aqueous solution can be at
least one selected from sodium hydroxide, potassium hydrox-
ide, calcium hydroxide, bartum hydroxide, and the like.
Sodium hydroxide 1s particularly preferred.

Water insoluble salt as a by-product 1n the reaction mixture
1s properly removed.

Preferably, an amount of the alkaline compound is two to
four times the amount of aluminum salt 1n molar ratio. In
other words, a ratio of a concentration of the aqueous solution
with the aluminum salt and a concentration of the alkali
aqueous solution 1s 1/4 to 1/2 i molar ratio. The alkaline
compound less than two times 1s 1nsuificient to produce a
reaction product by performing a heat treatment. Moreover,
1n some cases, gelation of the reaction solution 1s not caused,
and the particles cannot be obtained with a good yield. On the
contrary, when the amount of the alkaline compound 1s more
than four times that of the aluminum salt, the pH of the
reaction mixture 1s too high, and the alkali dissolves the gel,
thus increasing adhering and aggregating particles in some
cases.

Preferably, the concentration of the aluminum salt aqueous
solution 1s within a range from 0.1 to 0.3 M, and the concen-
tration of the alkaline aqueous solution 1s within a range from
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4.0 to 10.0 M. This can facilitate formation of the gel material

in the reaction mixture of the aluminum salt aqueous solution
and the alkaline aqueous solution. The concentration of the
metallic salt 1n the aluminum salt aqueous solution 1s, as
described above, preferably, 1.0 to 3.0 M and 1s more prefer- 5
ably 3.0 M 1n terms of the productivity.

Furthermore, in the present mvention, the form of the
desired boehmite particles can be controlled by changing the
pH of the reaction mixture. For example, the closer the pH 1s
to 4, the longer the long axis of the aluminum particles 1 1s, 10
and the higher the aspect ratio thereof 1s. On the contrary, the
closer the pH 1s to 9, the shorter the long axis of the aluminum
particles 1 1s, and the lower the aspect ratio thereof 1s. When
the pH 1s less than 4 or more than 9, plate-shaped particles or
amorphous particles increase i some cases. 15

The pH value of the reaction mixture can be controlled by
changing the concentration and the volume of the alkaline
aqueous solution.

On the other hand, 1t 1s preferable that the volume of the
aluminum salt aqueous solution 1s equal to or larger than the 20
alkaline aqueous solution. When the concentration of the
alkaline aqueous solution 1s low and the volume thereof is too
much, the gelation 1s less likely to occur. If the concentration
of the aluminum salt aqueous solution and the volumes of the
aluminum salt aqueous solution and alkali aqueous solution 25
are fixed, the form of the particles can be controlled by only
changing the concentration of the alkali aqueous solution.
Accordingly, setting the volumes same 1s more preferable for
reducing the number of items of the synthesis condition.

Through the above described process, the gel material can 30
be formed in the reaction mixture. In the growth process of the
boehmite particles by heat treatments as shown below, there-
tore, the boehmite particles 1n the growth process are fixed 1n
the gel material, and adherence and aggregation of the par-
ticles are suppressed. It 1s therefore possible to obtain nano- 35
s1ized boehmite particles with the particle size distribution
range narrowed. Such a particle growing method using a gel
material 1s generally called the gel-sol method (T. Sugimoto,
Monodispersed Particles, ELSEVIER, Amsterdam, 2001.). A
conventional hydrothermal method was required to carry out 40
the reaction in a dilute solution to prevent adherence and
aggregation of the particles during the growth of the particles,
which was disadvantageous 1n the yield. In the present inven-
tion, the gel-sol method which increases the concentration of
the solution for gelation 1s employed to prevent the adherence 45
and aggregation. The method of the present invention can
therefore achieve a more excellent yield than the conventional
method due to the use of the high concentration solution.

<Heat Treatment>

In the present invention, aiter the aforementioned reaction 50
mixture containing the gel material 1s produced, first to fourth
heat treatments are sequentially carried out. The following
heat treatments are carried out while the boehmite particles in
the growth process are fixed 1n the gel material. Accordingly,
the particle size distribution range can be extremely nar- 55
rowed, or the standard deviation can be reduced. As described
below, the particle size distribution range can be widened to
some extent by properly changing conditions of the heat
treatments.

The first heat treatment 1s carried out by heating the reac- 60
tion mixture to a first temperature not less than the room
temperature. The first heat treatment 1s mainly to promote
hydrolysis of the alkali metal salt generated 1n the reaction
mixture and promote formation of the gel material 1n the
reaction mixture. 65

The first temperature may be within a range from a room

temperature (25° C.) to 140° C., and preferably, 120 to 140°

6

C. considering reaction time. If the first heat treatment 1s
carried out at a temperature above 140° C., boehmaite particles
with different lengths are generated, and 1n some cases, the
particle size distribution range of the boehmite particles can-
not be narrowed even after the subsequent heat treatments are
carried out. Preferably, the heat treatment time 1s 24 hours or
more. In the case of less than 24 hours, the standard deviation
of the particle size 1s difficult to reduce.

After the first heat treatment, the second heat treatment 1s
carried out. In this second heat treatment, the reaction mixture
1s heated to a second temperature higher than the first tem-
perature of the first heat treatment. The second heat treatment
1s carried out mainly to obtain boehmite particles with a high
aspect ratio.

The second temperature needs to be higher than the first
temperature and 1s specifically within a range from 140 to
250° C. In particular, 170 to 250° C. 1s preferred. When the
temperature 1s lower than 140° C., 1t takes a long time to
generate the particles, and as well as the particle size distri-
bution range 1s widened. Moreover, temperature higher than
250° C. 1s advantageous in manufacturing particles with a
small aspect ratio. However, temperature higher than 250° C.
1s not recommended 1n this manufacturing method because
the heat and pressure resistances of an autoclave of a normal
grade on the market have upper limits at 250° C. and a great
amount of energy 1s required when the temperature 1s higher
than 250° C.

The heat treatment time in the second heat treatment 1s
preferably within a range from 10 to 30 minutes containing a
temperature increasing step, and varies depending on the
second temperature. Heating for more than the above time
considerably increases the standard deviation of the average
particle diameter and turns the needle-shaped particles and
the plate-shaped particles into a spindle shape and a particle
shape, respectively, reducing the aspect ratio.

After the second heat treatment, the third heat treatment 1s
carried out. This third heat treatment 1s carried out at a third
temperature lower than the second temperature in the second
heat treatment. The third heat treatment 1s performed mainly
to narrow the particle size distribution range of the boehmite
particles.

The third temperature 1s set to, for example, 130° C. or
lower and preferably, set to the room temperature or lower. It
1s preferable that the reaction mixture 1s set to the third tem-
perature by rapid cooling from the second temperature in the
second heat treatment. In this case, considering a cost of a
cooler and resistance of a vessel to temperature variation, the
third heat treatment can be performed by putting the vessel for
the heat treatments into running water. Preferably, the time
required for the cooling 1s shorter. Specifically, it is preferable
that the time required for cooling 1s within 10 minutes. The
third heat treatment time 1s preferably 10 minutes or more
containing the time required for cooling. This can narrow the
particle size distribution range of the desired boehmite par-
ticles.

After the third heat treatment, the fourth heat treatment 1s
carried out. This fourth heat treatment 1s performed mainly to
grow the boehmite particles with a high aspect ratio.

A Tourth temperature of the fourth heat treatment needs to
be set within a temperature range from 100 to 180° C. If the
fourth temperature 1s higher than 180° C., the particle size
distribution range increases, and the standard deviation
increases. Moreover, needle-shaped and plate-shaped par-
ticles are turned into spindle and particle shapes, respectively,
thus reducing the aspect ratio 1n some cases. To be specific, in
the fourth heat treatment, 11 the heat treatment 1s performed at
a temperature of 180° C. or more, the produced particles are
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remelted and recrystallized (Ostwald ripening), and the shape
of the particles and the particle size distribution range cannot
be controlled 1n some cases, which sometimes i1ncreases the
particle size distribution range. When the fourth temperature
1s lower than 100° C., the yield 1s reduced in some cases. The
treatment time 1s four hours to one week, and heating time
varies depending on a temperature setting.

Afterthe aforementioned heat treatment, the vessel accom-
modating the reaction product is allowed to cool, and then the
produced boehmite particles and the solution are separated
using a centrifugal separator. Thereatter, to remove salt as a
by-product, the obtained boehmite particles are centrifuge
washed three times with sodium nitrate aqueous solution (0.5
M), centrifuge washed once with water, and centrifuge
washed once with water-methanol mixed solution (volume
rat1o: water/methanol=0.5/9.5), followed by drying to obtain
the desired boehmite particles.

Through the above four step heat treatments, 1t 1s possible
to obtain boehmite particles with a short axis length of 1 to 10
nm, a long axis length of 20 to 400 nm, and an aspect ratio of
50 to 80. Moreover, the standard deviations of the size prop-
erty values can be suppressed within 10%. Accordingly, when
the resin composition 1s manufactured by causing the boeh-
mite particles to be contained in the predetermined resin,
variation 1n the properties thereof can be reduced. It 1s there-
fore possible to produce goods with stable quality from the
resin composition.

It1s obvious that boehmite particles with different sizes can
be manufactured. This can be achieved by carrying out the
first heat treatment at a temperature of 140° C. or more for
three hours or more and omitting the second to fourth heat
treatments. In this case, the standard deviations of the size
property values can be 20% or more.

<Baking Treatment>

Next, a description 1s given of a method of manufacturing
a., v, 0, and 0 alumina particles which are expressed by the
alorementioned general Formula I when n 1s O.

For manufacturing such alumina particles, after the pro-
duction of the reaction mixture and the heat treatments in the
aforementioned method of manufacturing boehmite par-
ticles, the obtained boehmite particles are subjected to a bak-
ing treatment. The baking treatment i1s performed, for
example, at 450 to 1500° C. for 1 to 3 hours. For example, the
boehmite particles obtained by the atorementioned method 1s
put into an alumina crucible and then heated at 1000° C. for 4
hours, thus obtaining a alumina particles. At this time, to
prevent the hollow structure characteristic to the aforemen-
tioned boehmite particles from being damaged by thermal
stress, 1t 1s preferable that the temperature increase and
decrease rates are 2° C./min. By observation of the a alumina
powder with a transmission electron microscope, 1t 1S pos-
sible to confirm that each particle substantially maintains 1ts
form before the baking treatment and 1s a hollow needle-
shaped particle.

Resin Composition

The aforementioned alumina particles 1 can be contained
in the resin as the filler, which allows a predetermined resin
composition to be obtained.

The amount of the alumina particles 1 blended in the resin
1s not particularly limited i1 desired demand characteristics
(rig1dity, heat resistance, thermal expansion resistance, and
the like) can be obtained. The amount of the alumina particles
1 blended 1s preferably, within a range from 1 to 50% by
weight to the resin, and more preferably, 1 to 30% by weight.
When the amount of the alumina particles blended 1s less than
1% by weight, blending the alumina particles has less effect,
and the obtained resin composition hardly improves 1n rigid-
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ity, heat resistance, thermal expansion resistance, and the like
in some cases. The amount of alumina particles of more than
50% by weight considerably increases the specific gravity
and 1s disadvantageous in terms of cost, leading to problems
of increasing the cost and increasing the specific gravity of the
resin composition. Moreover, as the content of the alumina
particles increases, the viscosity of the resin composition
increases, causing bad moldability.

The resin which 1s caused to contain the alumina particles
can be polycarbonate resin, acrylic resin, methacrylic resin,
polyester resin, styrene resin, amorphous olefin resin, and the
like. Interms of the transparency, heat resistance, and rigidity,
thermoplastic resin such as polycarbonate resin, acrylic resin,
and methacrylic resin are preferred.

The above resin composition 1s obtained by the manufac-
turing method 1 which the alumina particles and monomer
such as the aforementioned thermoplastic resin are putted 1n
a vessel and polymerized 1n the same.

The polycarbonate resin composition 1s obtained by adding
the alumina particles simultaneously with manufacturing of
the polycarbonate resin by a so-called phosgene method, a
so-called ester exchange method, or the like. The phosgene
method 1s a condensation reaction of a phenol compound and
phosgene, and the ester exchange method 1s an ester exchange
reaction of carbonate diester and hydroxyl compound. The
phenol compound 1s pretferably 2,2-bis(4-hydroxyphenyl)
propane (common name: bisphenol A), bis(4-hydroxyphe-
nyl)methane, bis(4-hydroxyphenyl)phenylmethane, bis(3,5-
dimethyl-4-hydroxyphenyl)ethane, 1-phenyl-1,1-bis(4-
hydroxyphenyl)ethane, 2,2-b1s(3,5-dimethyl-4-
hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane, bis(4-hydroxyphenyl)sulfone, 4,4’-
dihydroxybenzophenone and more preferably, 2,2-bis(4-
hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane. These phenols and the like may be
used singly or 1n combination.

The carbonate diester compound can be a diaryl carbonate
such as diphenylcarbonate or a dialkyl carbonate such as
dimethylcarbonate and diethylcarbonate. The hydroxy com-
pound can be phenol, p-cresol, p-t-butylphenol, p-t-octylphe-
nol, p-cumylphenol, bromophenol, tribromophenol, non-
ylphenol, or the like.

The methacrylic resin or acrylic resin type resin composi-
tion can be obtained by putting the alumina particles, the resin
monomer and a polymerization imitiator 1n a same container
and polymernzing the resin monomer. The methacrylic and
acrylic resin type monomers are methacrylate esters such as
methyl(meth)acrylate, ethyl(meth)acrylate, 1sopropyl(meth)
acrylate, n-butyl(meth)acrylate, 1sobutyl(meth)acrylate,
n-amyl(meth)acrylate, i1soamyl(meth)acrylate, n-hexyl
(meth)acrylate, 2-ethylhexyl(meth)acrylate, octyl(meth)
acrylate, decyl(meth)acrylate, dodecyl(meth)acrylate, octa-
decyl(meth)acrylate, cyclohexyl(meth)acrylate, phenyl
(meth)acrylate, benzyl(meth)acrylate. These monomers may
be used singly or in combination of two or more types. In the
light of the balance between the transparency, rigidity, hard-
ness, and the like, 1t 1s preferable that methyl(meth)acrylate 1s
a major component. More preferably, methyl(meth)acrylate
1s 70 mass% or more of an amount of a monomer polymer-
1zable with methyl(meth)acrylate.

As described above, the alumina particles of the present
invention have a high aspect ratio of 5 to 80. By using the
alumina particles as the filler and blending the same in a
predetermined resin to obtain a resin composition, the rigid-
ity, strength, and size stability thereof can be therefore
improved. The alumina particles have a short axis length of 1
to 10 nm and a long axis length of 20 to 400 nm, which are
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smaller than the wavelength of visible light. Accordingly, the
transparency can be maintained even when the alumina par-
ticles are contained in the resin as the filler. Consequently,
using the alumina particles of the present invention can pro-
vide a resin composition having two characteristics ol main-
taining the transparency and increasing in the mechanical
strength. The resin composition of the present invention can
be used as organic glass for vehicles, which has been impos-
sible because of the strength. The resin composition of the
present invention can contribute considerable weight reduc-
tion compared to the conventional mnorganic glass.
Hereinafter, a description is given of the embodiment of the
present invention in detail with Examples and Comparative
Examples. Analysis methods and analyzers employed in the
present invention are as follows.
(1) Particle shape and length
Particle shapes were observed by a transmission electron
microscope (ITEM).
<Observation Method of Particle Shape>
Samples and pure water were mixed and then treated with
an ultrasonic cleaner for 15 minutes. Thereafter, the samples
were applied to a hydrophilic carbon-coated collodion film on
a copper mesh and dried to prepare observation samples.
Electron microscope 1mages of the samples were photo-
graphed with a transmission electron microscope (120kV, 70
mA, 100,000 magnification) and observed.
TEM copper mesh: Microgrid 150-B mesh, carbon-rein-
forced, manufactured by Okenshoji Co., Ltd.
Transmission electron microscope: JEOL JEM-1200EXII,
manufactured by JEOL Ltd.
<Observation Method of Particle Length>
The micrographs taken by the transmission electron micro-
scope were scanned as electron data by a scanner, and the
particle lengths were measured using software to measure
length on a commercially available personal computer. The
short and long axis lengths and thickness each were measured
tor 100 pieces selected at random.
Software: Scion Image for Windows (registered trade-
mark), manufactured by Scion corp.
(2) Particle cross section
Particle cross sections were measured by a transmission
clectron microscope (TEM).
<Observation Method of Particle Cross Section>
Solid alumina particles obtained by freeze drying were put
into epoxy resin, thus embedding the particles in the resin.
The cured resin was cut into thin sections with a thickness of
about 60 to 100 nm using an ultramicrotome at room tem-
perature. Thereatter, the thin sections were attached to TEM
orids to prepare observation samples. Electron microscope
images ol the samples were photographed with a transmis-
sion electron microscope (300 kV, 400,000 magnification)
and observed.
Ultramicrotome: FC-S type microtome, manufactured by
REICHERT Inc.

Transmission electron microscope: H-9000, manufactured
by Hitachi Ltd.
(3) Identification of alumina
Observation was made using a powder X-ray diffractome-
ter.
<Observation Method>
The samples were pressed on non-reflecting plates for
measurement to prepare observation samples. The observa-
tion samples were measured by the X-ray diffractometer and
compared with the JCPDS (Joint Committee on Powder Dii-
fraction Standards) of alumina for identification.
X-ray diffractometer: RINT-2000, manufactured by
Rigaku Corporation
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(4) Measurement of mechanical and optical properties

The obtained resin compositions were dried and granu-
lated, followed by hot pressing to obtain sample films with a
thickness of 2 mm. The obtained sheets were measured 1n
terms of the light transmittance, bending strength, flexural
modulus, and coelficient of linear expansion. The light trans-
mittance was measured by a haze meter (HM-635, manufac-
tured by Murakami color research laboratory). The bending
strength and flexural modulus were measured by an auto-
graph (DSC-10T, manufactured by SHIMADZU CORPO-
RATION). The coetficient of linear expansion was measured
by a thermomechanical analyzer, TMA120C, manufactured
by Seiko Instruments Inc.
(5) Preparation of boehmite and alumina particles (Examples

1to 11)

EXAMPLE 1

Aluminum chloride hexahydrate (2.0 M, 20 ml, 25° C.)
was put into a Teflon beaker provided with a mechanical
stirrer, and then sodium hydroxide (4.80 M, 20 ml, 25° C.)
was dropped 1nto the same for about 6 minutes while being
stirred (700 rpm). After the end of the dropping, the mixture
further continued to be stirred for 10 minutes, and after the
end of stirring, the pH of the solution was measured
(pH=4.54). Subsequently, the solution was separated into
autoclaves provided with Teflon liners by 10 ml each, and
then left at 120° C. 1n an oven for 24 hours (the first heat
treatment). The autoclaves were then moved to an o1l bath and
heated at 180° C. for 20 minutes (the second heat treatment).
Thereatter, the autoclaves were put 1nto running water to be
rapidly cooled to about 10° C. within 40 seconds (the third
heat treatment). The third heat treatment was continued for 1
hour.

Subsequently, the autoclaves were put 1nto the oven again
and continued to be heated at 140° C. for 1 week (the fourth
heat treatment) and then cooled with running water. After the
supernatant of the solution 1n each autoclave was removed by
centrifugation (1800 rpm, 30 min), the obtained product was
centrifuge washed three times with sodium nitrate aqueous
solution (0.5 M), washed once with water, and centrifuge
washed three times with water-methanol mixed solution (vol-
ume ratio: water/methanol=0.5/9.5), followed by drying
using a ireeze dryer to obtain colorless crystal. As a result of
X-ray diffraction, the obtained crystal was confirmed to be
boehmite. The TEM photograph of the boehmite particles
obtained by Example 1 1s shown 1n FIG. 2, and the cross-
sectional hollow TEM 1mage 1s shown 1n FIG. 3.

Examination of the size of the boehmite particle revealed
that the obtained crystal had a needle-shape with a long axis
length of 350+£37 nm, a short axis length of 5.5+0.5 nm, and
an aspect ratio of about 45 to 80. The observed cross section
along the short axis was hollow.

EXAMPLES 2 TO 9

Hereinatter, various boehmite particles were synthesized
with the experimental conditions varied. The experimental
conditions and obtained boehmite particles were shown 1n
FIGS. 6 and 7, respectively. In Examples 2 to 6, the TEM
images were similar to that of Example 1 except different
lengths of the boehmite particles. Each of Examples 2 to 6 had
also a hollow structure.

On the other hand, 1n Example 7, the obtained boechmite
particles were plate-shaped. It could be therefore confirmed
that when the pH was higher than 9, plate-shaped boehmite
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particles were obtained instead of the needle-shaped par-
ticles. The TEM photograph thereot 1s shown 1n FIG. 4.

In Example 8, the obtained articles had a large standard
deviation, which revealed that the standard deviation tended
to be larger 11 the heat treatment was not separated into four
steps.

Furthermore, in Example 9, amorphous particles were
obtained. This revealed that 1 a wrong choice was made for

the concentration of sodium hydroxide, the obtained particles
were neither needle-shaped nor plate-shaped. The TEM pho-
tograph thereof 1s shown 1n FIG. 5.

EXAMPL.

10

(Ll

The boehmite particles obtained 1n Example 1 were put
into an alumina crucible and heated at 1000° C. for 4 hours to
obtain white powder. At this time, to prevent the hollow
structure characteristic to the atorementioned boehmite par-
ticles from being broken by thermal stress, the temperature
increase and decrease rate was set to 2° C./min. Identifying
the crystal phase using X-ray diffraction revealed that the
powder was alumina.

As aresult of examining reduction 1n weight of the powder
during the heat treatment, the yield of this reaction was sub-
stantially 100%. In the TEM observation of the powder after
the heat treatment, the particles substantially maintained their
forms as they were before the heat treatment and were hollow
needle-shaped particles. Examination of the size of the alu-
mina particles revealed that the alumina particles were
needle-shaped crystals with a long axis length o1 353+£33 nm,
a short axis length of 5.4+0.6 nm, and an aspect ratio of about
45 to 80.

EXAMPL.

(Ll

11

The boehmite particles obtained by the Example 2 were put
into an alumna crucible and heated at 1000° C. for 4 hours to
obtain white powder. At this time, to prevent the hollow
structure characteristic to the aforementioned boehmite par-
ticles from being broken by thermal stress, the temperature
increase and decrease rate was set to 2° C./min. Identifying
the crystal phase using X-ray diffraction revealed that the
powder was alumina.

As aresult of examining reduction in weight of the powder
during the heat treatment, the yield of this reaction was sub-
stantially 100%. In the TEM observation of the powder after
the heat treatment, the particles substantially maintained their
forms as they were before the heat treatment and were hollow
needle-shaped particles. Examination of the size of the alu-
mina particles revealed that the alumina particles were
needle-shaped crystals with a long axis length of 110+£10 nm,
a short axis length of 4.7+0.5 nm, and an aspect ratio of about

20 to 30.

Comparative Example 1

9.2 g ol magnesium acetate tetrahydrate, 20 g of aluminum
hydroxide, and 40 g of pure water were put into an autoclave
provided with a magnetic stirring bar and then stirred well.
The mixture was heated to 205° C. at atemperature increasing
rate of 80° C./hour while being stirred and kept at the tem-
perature and pressure for 5 hours. Thereaiter, the stirring and
heating were stopped, and the mixture was naturally cooled.
After the supernatant was removed by centrifugation (18000
rpm, 30 min), the obtained product was centrifuge washed
three times with sodium nitrate aqueous solution (0.5 M),

washed with water, and then centrifuge washed once with
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water-methanol mixed solution (volume ratio: water/metha-
nol=0.5/9.5), followed by drying using a freeze dryer to
obtain white powder.

As a result of X-ray diffraction, the white powder was
confirmed to be boehmite. In the TEM observation, the crys-
tals were needle shaped crystals with a long axis length of

about 3 um, a short axis length of about 0.1 um, and an aspect
ratio of about 20 to 30.

The Comparative Example 1 was a method disclosed in the
Japanese Patent Unexamined Publication No. 2000-239014,
a part of which 1s modified.

(6) Synthesis of resin composition (Examples 12 to 21)

EXAMPLE 12

In a reaction vessel provided with a decompressor, a
mechanical stirrer, and a retlux unit, 11.5 g of the particles
obtained 1n Example 1, 50.4 g (221 mmol) of bisphenol A,
49.6 ¢ (232 mmol) of diphenylcarbonate, and a proper
amount of tetrahydrofuran as a solvent were added and stirred
for 1 hour. The system was gradually depressurized using a
pressure reduction line to distill away tetrahydrofuran (THF)
as the solvent. The temperature was further increased, and the
obtained product was preheated at about 160° C. for 20 min-
utes to mitiate a condensation reaction of the diarylcarbonate
compound and the bisphenol.

Subsequently, the temperature of the reaction system 1s
increased to 230° C. over 30 min. At this temperature, the
condensation was advanced for about 150 minutes at a
reduced pressure of 15 mmHg or less while the mixture was
stirred, thus reducing an oligomer component unreacted.
Finally, the mixture was ripened for 20 minutes in a range of
260 to 290° C. with the reduced pressure unchanged to obtain
a polycarbonate resin composition.

The obtained resin composition was dried and granulated,
followed by hot pressing to obtain a 2 mm thick plate. The
properties of the obtained sample plate was examined, and the
light transmittance was 735%; the bending strength, 130 GPa;
the flexural modulus, 5.0 MPa; the coellicient of linear expan-
sion, 5.5x107°/° C.; and the amount of particles blended,
10.7% by weight.

EXAMPLES 13 TO 16

Heremaftter, the filling particles were selected from the
Examples 1, 2, 4, 10, and 11, and polycarbonate resin com-
positions were synthesized by the same method as the
Example 12. The experimental conditions and properties
were shown 1n FIG. 8.

EXAMPLE 17

1000 ml of xylene as a solvent, 78 g of methyl methacry-
late, 25 g of acrylic acid, 0.5 mol% of azobisisobutyronitrile
(AIBN) as a polymerization initiator were added 1nto a tlask
in an nert gas stream. The mixture was heated to 80° C., into
which 10 g of the boehmite particles of the Example 1 were
added over 10 minutes while being stirred. The mixture was
maintained at 80° C. for 24 hours while being stirred. After
the end of the reaction, the obtained product was returned to
the room temperature and then added with excessive n-hex-
ane to precipitate polymer, and then the polymer was filtered
to obtain methacrylate type resin composition. The obtained
resin composition was dried and granulated, followed by hot
pressing to obtain a 2 mm thick plate. The properties of the
obtained plate was examined, and the light transmittance was
78%; the bending strength, 132 GPa; the flexural modulus,
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5.1 MPa; the coefficient of linear expansion, 6.0x107>/° C.;
and the amount of particles blended, 10.6% by weight.

EXAMPLES 18 1O 21

Hereinafter, the filling particles were selected from the
Examples 1, 2, 4, 10, and 11, and methacrylate type resin

compositions were obtained by the same method as Example

1'7. The experimental conditions and properties are shown 1n
[Table 3] FIG. 8.

Comparative Example 2

Desired polycarbonate resin composition was obtained in a
same manner as Example 12 except use of 11.8 g of the
particles obtained in Comparative Example 1. Subsequently,
in the same manner as Example 12, a 2 mm thick sample plate

was obtained. In the sample plate, the light transmittance was
10%; the bending strength, 110 GPa; the tflexural modulus,
3.8 MPa; the coefficient of linear expansion, 6.9x107>/° C.;
and the amount of particles blended, 9.2% by weight.

Comparative Examples 3 to 6

Next, polycarbonate resin compositions were synthesized
by the same method as Comparative Example 1. The experti-
mental conditions and properties were shown 1n FIG. 9.

The alumina particles used for Comparative Example 3
was Alumina Sol 520 made by Nissan Chemical Industries,
Ltd. The alumina sol was on the market as an alumina dis-
persed-in-water solution of 20% by weight and was Ireeze
dried for use as a dried solid. The particles have a boehmite
structure and include stick-shaped and particle-shaped par-
ticles with a diameter of 10 to 20 nm.

The aluminum oxide C used for Comparative Example 4
was made by Nippon Aerosil Co., Ltd. Particles of the alumi-
num oxide C have a spherical shape with a diameter of about
13 nm.

The alumina particles used for Comparative Example 3
was CAM90 made by Saint-Gobain Ceramic Material K K.
The particles have a rugby ball-like shape with a long axis
length of about 90 nm and a short axis length of 10 to 15 nm.
Not only the particles independently exist, but also four or
five particles are linked together.

The particles used for Comparative Example 6 were silica
particles, SNOWTEX MEX-ST, made by Nissan Chemical
Industries, Ltd. The SNOWTEX MEX-ST had a concentra-
tion of alumina of 30% by weight and was commercially
available with alumina dispersed in methylethylketone. The
SNOWTEX MEX-ST was dried by spray drying and used as
a solid. The particle diameter was about 10 to 20 nm.

As apparent from the results 1n FIGS. 8 and 9, the resin
composition containing the alumina particles of the present
invention was excellent in light transmittance, bending
strength, and flexural modulus, which revealed that both the
transparency and the mechanical strength were excellent.

Hereinabove, the present invention has been described in
detail with the specific examples. However, the present inven-
tion was not limited to the atorementioned contents, and
various modifications and changes can be made without
departing from the scope of the present invention.

For example, the resin composition of the present invention
1s, when necessary, can be added with an antioxidant, a ther-
mal stabilizer, an ultraviolet absorber, a lubricant, a mold
release agent, dyestull, a colorant including pigment, an
attachment agent of an additive, a nucleating agent, and the

like singly or in proper combination. The oxidant and thermal
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stabilizer are hindered phenol, hydroquinone, thioether,
phosphates, substitutions thereof, or the like. The ultraviolet
absorber 1s resorcinol, salycylate, benzotriazole, benzophe-
none, and the like. The lubricant and mold release agent are
silicone resin, montanic acid or salts thereot, stearic acid or
salts thereot, stearyl alcohol, stearyl amide, or the like. The
dyestuil 1s nitrosin or the like. The pigment 1s cadmium
sulfide, phthalocyanine, or the like. The attachment agent 1s

s1licone o1l or the like. The nucleating agent 1s talc, kaolin, or
the like.

The entire content of a Japanese Patent Application No.
P2004-246828 with a filing date of Aug. 26, 2004 1s herein
incorporated by reference.

Although the invention has been described above by refer-
ence to certain embodiments of the invention, the invention 1s
not limited to the embodiments described above will occur to
these skilled 1n the art, 1n light of the teachings. The scope of
the invention 1s defined with reference to the following
claims.

What 1s claimed 1s:
1. A resin composition, comprising;
resin; and
an alumina particle contained in the resin as a filler, the
alumina particle comprising:
an alumina body with a short axis length of 1 to 10 nm,
a long axis length of 20 to 400 nm and an aspect ratio
of 5 to 80, the alumina body being expressed by a
Formula I,

Al,O;nH-50 Formula I

wherein n 1s not less than 0,
wherein a light transmittance of the resin composition 1s
73-88%.

2. The resin composition according to claim 1, wherein the
alumina body includes a hollow inside.

3. The resin composition according to claim 1, wherein
when n 1s 0 1n the Formula I, the alumina body 1s o alumina.

4. The resin composition according to claim 1, wherein
when n 1s 1 1in the Formula I, the alumina body 1s boehmite.

5. The resin composition according to claim 1, wherein a
content of the alumina particle 1s within arange from 1 to 50%
by weight.

6. The resin composition according to claim 1, wherein the
resin 1s at least a kind of thermoplastic resin selected from
polycarbonate resin, acrylic resin, and methacrylic resin.

7. The resin composition according to claim 1, wherein the
aspect ratio of the alumina body 1s within a range from 30 to
40.

8. The resin composition according to claim 1, wherein the
aspect ratio of the alumina body 1s within a range from 45 to
0.

9. The resin composition according to claim 1, wherein the
alumina body includes one cylindrical hollow 1nside, and

a diameter of the hollow 1s within a range from 0.5 to 9.5

nm, which 1s not more than the short axis length of the
alumina particle, and a length of the hollow 1s within a
range from 5 to 400 nm, which 1s not more than the long
ax1s length of the alumina particle.

10. The resin composition according to claim 1, wherein
the short axis length and the long axis length of the alumina
particle are smaller than a wavelength of visible light.

11. The resin composition according to claim 1, wherein a
bending strength of the resin composition 1s 109-132 GPa.

12. The resin composition according to claim 1, wherein a
flexural modulus of the resin composition 1s 3.7-5.1 MPa.
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13. The resin composition according to claim 1, wherein a
coellicient of linear expansion of the resin composition 1s
5.5%107°/° C.-6.7x107>/° C.

14. A resin composition, comprising:

resin; and

an alumina particle contained in the vesin as a filler, the

alumina particle comprising:
an alumina body with a short axis length of 1 to 10 nm,
a long axis length of 20 to 400 nm and an aspect ratio

of 30 to 40, the alumina body being expressed by a
Formula I
Al,O.nH 0 Formula I

wherein n is not less than 0,
wherein a light transmittance of the resin composition is
73-88%, and
wherein a content of the alumina particle is within a range
from 1 to 50% by weight.
13. The rvesin composition according to claim 14, wherein
the alumina body includes a hollow inside.
16. The rvesin composition according to claim 14, wherein
when n is 0 in the Formula I, the alumina body is o. alumina.
17. The resin composition according to claim 14, wherein
when n is 1 in the Formula I, the alumina body is boehmite.
18. The resin composition according to claim 14, wherein
the resin is at least a kind of thevmoplastic resin selected from
polycarbonate vesin, acrylic resin, and methacrylic resin.
19. The resin composition according to claim 14, wherein
the short axis length and the long axis length of the alumina
particle arve smaller than a wavelength of visible light.
20. The resin composition according to claim 14, wherein
a bending strength of the rvesin composition is 109-132 GPa.
21. The resin composition according to claim 14, wherein
a flexural modulus of the resin composition is 3.7-5.1 MPa.
22. The resin composition according to claim 14, wherein
a coefficient of linear expansion of the rvesin composition is

5.5%x107°/° C.-6.7x107°/° C.
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23. A resin composition, cOmprising:
resin; and
an alumina particle contained in the resin as a filler, the
alumina particle comprising:
an alumina body with a short axis length of 1 to 10 nm,
a long axis length of 20 to 400 nm and an aspect ratio
of 45 to 80, the alumina body being expressed by a
Formula I

Al,OmH >0 Formula 1

wherein n is not less than 0, and
wherein a light transmittance of the vesin composition is
73-88%, and
wherein a content of the alumina particle is within a range
from I to 50% by weight.
24. A resin composition, comprising:
resin; and
an alumina particle contained in the resin as a filler, the
alumina particle comprising:
an alumina body with a short axis length of 1 to 10 nm,
a long axis length of 20 to 400 nm and an aspect rvatio
of 5 to 80, the alumina body being expressed by a
Formula I

Al,OmH >0 Formula 1

wherein n is not less than 0, and

wherein the alumina body includes one cyvlindrical hollow
inside, and a diameter of the hollow is within a range
from 0.5 to 9.5 nm, which is not move than the short axis
length of the alumina particle, and a length of the hollow
is within a range from 3 to 400 nm, which is not more
than the long axis length of the alumina particle,

wherein a light transmittance of the vesin composition is
73-88%, and

wherein a content of the alumina particle is within a range

from 1 to 50% by weight.
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