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ALUMINA PARTICLE COMPOSITE, METHOD OF 
MANUFACTURING THE ALUMINA PARTICLE 
COMPOSITE, RESIN COMPOSITION AND 

METHOD OF MANUFACTURING THE RESIN 
COMPOSITION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an alumina particle 
composite, a method of manufacturing the alumina particle 
composite, a resin composition and a method of manufac 
turing the resin composition. 
0003 2. Description of the Related Art 
0004 Transparent resin applicable as an alternative of 
inorganic glass includes acrylic resin, polycarbonate resin, 
polyester resin, Styrene resin, epoxy resin, and the like. 
Among automotive parts, the resin glass has a feature in 
being excellent in impact resistance, lightweight properties, 
and moldability as compared with the inorganic glass. 
However, for the resin glass to be used as the alternative of 
the inorganic glass, problems concerning a linear expansion 
coefficient, rigidity, Strength, flame retardancy are inherent 
in the resin glass under the current technology, and the resin 
glass cannot meet performance required for the automotive 
parts from a viewpoint of passenger protection. Therefore, 
under the current situation, Such a transparent resin material 
for use in an automobile is limited to application to a small 
part Such as a cover for an automotive lamp represented by 
a headlamp. 

0005. In order to make transparency of the resin and an 
improvement of mechanical Strength thereof compatible 
with each other, a research on organic/inorganic nanocom 
posite materials becomes one of Solving measures therefor. 
Representative ones of the research on the organic/inorganic 
nanocomposite materials include: “Composite Material and 
Manufacturing Method Thereof (Japanese Patent No. 
2519045) by Toyota Central R&D Labs., Inc.; “Polyamide 
Composite Material and Manufacturing Method Thereof 
(Japanese Patent Examined Publication No. H07-47644 
(published in 1995)) by Ube Industries, Ltd. and others; 
“Polyolefin Composite Material and Manufacturing Method 
Thereof" (Japanese Patent Unexamined Publication No. 
H10-30039 (published in 1998)) by Showa Denko K.K.; and 
the like. 

0006. In any of the polymer composites as described 
above, each of which uses filler on a nano-order level, 
dispersion of the filler in the resin accounts for a large factor 
on maintaining the transparency of the resin and improving 
the properties thereof. For the purpose of enhancing dis 
persibility of the filler, many various dispersion methods in 
which Selection of microparticles, Surface treatment of the 
particles and optimization of composite Synthesis are com 
bined are disclosed. For example, Japanese Patent Examined 
Publication No. H07-47644 discloses a method of immers 
ing caprolactam as a material of nylon between layers of 
montmorillonite and polymerizing the caprolactam there 
with, thereby obtaining a composite of the nylon and the 
filler. However, though the improvements of the mechanical 
properties (strength, elastic modulus, Surface hardness and 
thermal resistance) in the obtained composite are recognized 
in this method, an application of the method is limited 
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because of insufficiencies of the transparency, hygroscopic 
ity and Surface hardness of the composite, and application 
examples thereof are little. 
0007 Meanwhile, in order to make the transparency and 
the improvements of the properties Such as the rigidity and 
the Strengths compatible with each other, the applicant of 
this application has filed a patent application named “Resin 
Made Window and Manufacturing Method Thereof" (Japa 
nese Patent Unexamined Publication No. H11-343349 (pub 
lished in 1999)). This patent application discloses a resin 
made window formed of a transparent resin composition in 
which microSilica having a diameter of a wavelength of 
Visible light or leSS is blended into a transparent amorphous 
organic polymer for the purpose of improving the rigidity, 
and So on. 

SUMMARY OF THE INVENTION 

0008. The transparent resin composition obtained by the 
method of Japanese Patent Unexamined Publication No. 
H11-343349 can improve various properties such as the 
Strength, the elastic modulus and the impact resistance in a 
State of maintaining the transparency to Some extent. How 
ever, Since an aspect ratio of a Silica particle is 1, the various 
properties described above except the transparency cannot 
be improved Sufficiently, resulting in that it has been impos 
Sible to put the transparent resin composition into practical 
use for the automotive parts. 
0009. As described above, though the polymer nanocom 
posite and the manufacturing method thereof have been 
Studied in various ways, a definitive technology therefor has 
not been established yet. 
0010. The present invention has been created in order to 
solve the above-described problems. It is an object of the 
present invention to provide filler improving Strength, elastic 
modulus and impact resistance of resin, and to provide a 
resin composition having higher transparency, which is 
excellent in Strength, elastic modulus and impact resistance. 
0011. The first aspect of the present invention provides an 
alumina particle composite comprising: an alumina particle; 
and an organic acid chemically bonded to a Surface of the 
alumina particle. 
0012. The second aspect of the present invention pro 
vides a method of manufacturing an alumina particle com 
posite comprising: adding an alkali acqueous Solution in an 
aqueous Solution with an aluminum Salt to produce a reac 
tion mixture containing a gel material of aluminum hydrox 
ide; 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; after the Second heating, 
third heating the reaction mixture at a third temperature 
lower than the Second temperature, and after the third 
heating, fourth heating the reaction mixture at a fourth 
temperature not less than the room temperature; and dis 
persing boehmite particles generated in the reaction mixture 
into a Solvent, and adding an organic acid to the Solvent. 
0013 The third aspect of the present invention provides 
a resin composition comprising: resin; and an alumina 
particle composite contained in the resin as a filler, the 
alumina particle composite comprising: an alumina particle; 
and an organic acid chemically bonded to a Surface of the 
alumina particle. 
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0.014. The fourth aspect of the present invention provides 
a method of manufacturing a resin composition comprising: 
dispersing an alumina particle composite into a first Solvent 
to produce an alumina particle-dispersion liquid; mixing a 
monomer as a raw material of resin and the alumina particle 
dispersion liquid; and polymerizing the monomer in a State 
where the monomer and the alumina particle-dispersion 
liquid are mixed together, wherein a method of manufac 
turing the alumina particle composite comprises: adding an 
alkali aqueous Solution in an aqueous Solution with an 
aluminum Salt to produce a reaction mixture containing a gel 
material of aluminum hydroxide; first heating the reaction 
mixture at a first temperature not lower than room tempera 
ture; after the first heating, Second heating the reaction 
mixture at a Second temperature higher than the first tem 
perature; after the Second heating, third heating the reaction 
mixture at a third temperature lower than the Second tem 
perature; and after the third heating, fourth heating the 
reaction mixture at a fourth temperature not less than the 
room temperature; and dispersing boehmite particles gener 
ated in the reaction mixture into a Second Solvent, and 
adding an organic acid to the Second Solvent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The invention will now be described with reference 
to the accompanying drawings wherein; 
0016 FIG. 1 is a schematic view of an alumina particle 
composite of the present invention; 
0017 FIG. 2 is a schematic view for explaining a long 
axis and a short axis, 
0.018 FIG. 3 is an electron microscope photograph of a 
boehmite particle composite manufactured by Example 1, 
0.019 FIG. 4 is an electron microscope photograph of a 
croSS Section of the boehmite particle composite manufac 
tured by Example 1; 
0020 FIG. 5 is an electron microscope photograph of a 
dispersion liquid of boehmite particles manufactured by 
Example 1, 
0021 FIG. 6 is an electron microscope photograph of a 
dispersion liquid of boehmite particles manufactured by 
Example 2, 
0022 FIG. 7 is an exterior photograph of a transparent 
resin piece obtained by Example 5, 
0023 FIG. 8 is a table showing experiment conditions 
and evaluation results of resin compositions of Examples, 
and 

0024 FIG. 9 is a table showing experiment conditions 
and evaluation results of resin compositions of Comparative 
examples. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0.025 Hereinafter, description will be made of embodi 
ments of the present invention with reference to the draw 
ings. 

(Alumina Particle Composite) 
0026. An alumina particle composite as filler of the 
present invention contains an organic acid chemically 
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bonded to alumina particles. Specifically, as shown in FIG. 
1, in an alumina particle composite 1 of this application, an 
organic acid 3 is provided on a Surface of an alumina particle 
2, and alumina present on a Surface layer of the alumina 
particle 2 and the organic acid 3 are chemically bonded to 
each other. 

0027. As the organic acid 3, usable is a compound 
containing a Sulfonic acid group, a carboxyl group or a 
hydroxyl group, or a compound having a structure belonging 
to those of boric acids, phosphoric acids or amino acids. 
Among them, preferable is the compound containing the 
Sulfonic acid group, which can be Strongly bonded to the 
alumina particles, or the organic acid containing the phos 
phoric acid or the boric acid which is rich in type and 
favorably available from the market. 
0028. Meanwhile, an inorganic acid is also usable; how 
ever, hydrochloric acid, Sulfuric acid, nitric acid and the like, 
each of which has a Strong acidity, break a crystalline 
Structure of the particles, and dissolve Surfaces of the 
alumina particles, thereby changing a form of the alumina 
particles when concentrations thereof are high. Accordingly, 
it is difficult to adjust the concentrations. Each of inorganic 
phosphoric acid and carbonic acid has a weak acidity, and 
bonding power thereof to the alumina particles becomes 
insufficient. Hence, the organic acids are preferable, and 
among them, the organic acid containing the Sulfonic acid 
group is more preferable. 

0029. These organic acids may be used singly or in 
combination of two or more thereof. Alkylbenzene Sulfonic 
acid and a Sulfonic acid compound to be described below are 
preferable as the compound containing the Sulfonic acid 
group, however, the compound is not limited to these. AS the 
Sulfonic acid compound, mentioned are benzeneSulfonic 
acid, o-toluenesulfonic acid, m-toluenesulfonic acid, p-tolu 
eneSulfonic acid, methyl p-toluenesulfonate, Sulfonic acids 
Such as ethylbenzeneSulfonic acid, propylbenzeneSulfonic 
acid and dodecylbenzeneSulfonic acid which can be repre 
sented by CH-(CH), CHCHSOH (n=0-10), trisubsti 
tuted dodecyl p-toluenesulfonate, o-nitrobenzeneSulfonic 
acid having a nitro group, m-nitrobenzeneSulfonic acid, 
p-phenolsulfonic acid having an aryl group, naphthalene-2- 
Sulfonic acid, naphtholSulfonic acid, O-aminobenzene 
Sulfonic acid, m-aminobenzeneSulfonic acid, p-aminoben 
ZeneSulfonic acid, o-cresolsulfonic acid, 
dimethylbenzeneSulfonic acid, 2,4-dimethylbenzeneSulfonic 
acid, 2,4-dinitrobenzenesulfonic acid, poly(2-acrylamido-2- 
methyl-1-propanesulfonic acid), a copolymer of poly(2- 
acrylamido-2-methyl-1-propanesulfonic acid) and Styrene, a 
compound in which a Sulfonic acid group is bonded to a 
terminal of a polycarbonate oligomer, and the like. 

0030 Moreover, as the boric acids usable in the present 
invention, mentioned are methylboric acid, phenylboric 
acid, butylboric acid, isopropylboric acid, 4-chlorophenyl 
boric acid, 4-hydroxyphenylboric acid, 1,4-phenylenebisbo 
ric acid, 4-carboxylphenylboric acid, and the like. However, 
the boric acids are not limited to these. 

0031. A mode of chemical bonding of the organic acid 3 
to the alumina particle 2 is a covalent bond, a coordinate 
bond, a hydrogen bond, an electroStatic bond, and the like. 
0032 Moreover, a content of the organic acid in the 
alumina particle composite is not particularly limited as long 
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as a light transmittance of a dispersion liquid of the alumina 
particles, which is to be used in a polymerization process of 
a resin composition to be described later, is 40% or more. 
However, with regard to the content of the organic acid in 
the alumina particle composite, a blended amount of the 
organic acid with 1 mol of the alumina particles is preferably 
1 mmol or more, more preferably, 10 mmol or more. If the 
blended amount of the organic acid is less than 1 mmol, it 
is impossible to obtain a dispersion liquid of the alumina 
particles in which the alumina particles are dispersed uni 
formly in an organic solvent. Note that the blended amount 
of the organic acid can be measured by combining appara 
tuses for a TG-DTA, an IR, an NMR and the like. 

0033. Note that the number of moles of the alumina 
particles is obtained by a general formula. For example, 
molecular weights of a alumina particles and y alumina 
particles are defined as 101.96 by a general formula Al-O. 
In the case of boehmite particles, a molecular formula 
AlO(OH) is applied to a calculation of a molecular weight 
thereof, and the molecular weight is defined as 59.98. 
0034) Moreover, in the alumina particle composite 1 of 
the present invention, it is preferable that the alumina 
particles 2 be represented by the following General Formula 
(I). 

Al2OnH2O Formula I 

0035. When n in the formula is 0, the formula represents 
an aluminum oxide, which is C, and f alumina, or f3, O, X, e, 
Y, K, K, 0, K, Ö and walumina. When n in the formula is 1, 
the formula represents boehmite. Moreover, when n in the 
formula is more than 1 and less than 3, the formula repre 
Sents a mixture of boehmite and alumina hydrate with an 
amorphous structure. This is generally referred to as pseudo 
boehmite. Furthermore, when n is 3 or more, the formula 
represents alumina hydrate with an amorphous Structure. 
The alumina particles as the filler is characterized in being 
at least one Selected from these. In particular, the alumina 
particles preferable as the filler for the resin composition are 
a alumina, Y alumina and boehmite in terms of Stability and 
easiness in manufacturing. 

0036) A shape of the alumina particles may be any of 
fiber-like, Spindle-like, Stick-like, needle-like, tubular and 
columnar. Moreover, with regard to the particle size, it is 
preferable that a length of a short axis be within a range from 
1 to 10 nm, that a length of a long axis be within a range 
from 20 to 400 nm, and that an aspect ratio be within a range 
from 5 to 80. In the case of aiming to obtain a highly 
transparent resin composition by blending the alumina par 
ticles therein, as shown in FIG. 1 and FIG. 3, it is particu 
larly preferable that the particles be needle-like crystals with 
the length of the short axis being 6 nm or less. Here, as 
shown in FIG. 2, assuming a rectangle A with the Smallest 
area among rectangles circumscribed to a target particle in 
a microScope image or the like, the long axis indicates a long 
Side a of the rectangle A, and the short axis indicates a short 
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). 
0037 Moreover, as shown in FIG. 4, preferably, each 
alumina particle 2 includes a cylindrical hollow 4 therein. AS 
for the size of the hollow 4, preferably, the diameter thereof 
is within a range from 0.5 to 9.5 nm according to the short 
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axis length of the particles 2, and the length thereof is within 
a range from 5 to 400 nm, which is not more than the long 
axis length of the particles. This can reduce the Specific 
gravity of the alumina particles 2. Accordingly, when the 
alumina particles 2 are contained as the filler in the resin, 
while the weight of the obtained resin composition is being 
maintained at a comparatively lightweight, the mechanical 
Strength of the obtained resin composition can be increased, 
and the high transparency thereof can be achieved. However, 
in the alumina particles 2, the hollow 4 inside is not an 
essential element. In other words, the alumina particles 2 can 
achieve the object of the present invention without the 
hollow 4. 

(Alumina Particle Manufacturing Method) 
0038 Next, a description is given of a method of manu 
facturing the alumina particles. First, the description is given 
of a method of manufacturing the boehmite particles (alu 
mina particle 2) with n=1 in the aforementioned general 
formula I. 

0039) <Production of Reaction Mixture> 
0040. In manufacturing the boehmite, first, an alkaline 
aqueous Solution is added to an aluminum Salt aqueous 
Solution to prepare a gel material of aluminum hydroxide. 
0041. The aluminum salt constituting the aluminum salt 
aqueous Solution is at least an aluminum Salt Selected from 
aluminum chloride anhydride, aluminum chloride hexahy 
drate, aluminum bromide, aluminum bromide hexahydrate, 
aluminum iodide, aluminum nitrate nonahydrate, aluminum 
lactate, aluminum Sodium Sulfate dodecahydrate (Sodium 
alum), aluminum perchlorate nonahydrate, aluminum iso 
propoxide, aluminum S-butoxide, aluminum t-butoxide, and 
the like. Among these, aluminum chloride hexahydrate, 
aluminum nitrate nonahydrate, aluminum bromide hexahy 
drate, aluminum Sodium Sulfate dodecahydrate, and alumi 
num isopropoxide are preferred, which are easily available 
on the market, easy to use, and cheap. 
0042. The alkaline aqueous solution is added to an action 
System to promote hydrolysis of the aluminum Salt. An 
alkaline compound constituting the alkaline aqueous Solu 
tion can be at least one Selected from Sodium hydroxide, 
potassium hydroxide, calcium hydroxide, barium hydroxide, 
and the like. Sodium hydroxide is particularly preferred. 
0043 Water insoluble salt as a by-product in the reaction 
mixture is properly removed. 
0044 Preferably, an amount of the alkaline compound is 
two to four times the amount of aluminum Salt in molar ratio. 
In other words, a ratio of a concentration of the aqueous 
Solution with the aluminum Salt and a concentration of the 
alkali acqueous Solution is 4 to /2 in molar ratio. The alkaline 
compound less than two times is insufficient to produce a 
reaction product by performing a heat treatment. Moreover, 
in Some cases, gelation of the reaction Solution is not caused, 
and the particles cannot be obtained with a good yield. On 
the contrary, when the amount of the alkaline compound is 
more than four times that of the aluminum salt, the pH of the 
reaction mixture is too high, and the alkali dissolves the gel, 
thus increasing adhering and aggregating particles in Some 
CSCS. 

0045 Preferably, the concentration of the aluminum salt 
acqueous solution is within a range from 0.1 to 0.3 M, and the 
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concentration of the alkaline aqueous Solution is within a 
range from 4.0 to 10.0M. 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 in the aluminum Salt 
aqueous Solution is, as described above, preferably, 1.0 to 
3.0 M and is more preferably 3.0 M in terms of the 
productivity. 

0046. Furthermore, in the present invention, the form of 
the desired boehmite particles can be controlled by changing 
the pH of the reaction mixture. For example, the closer the 
pH is to 4, the longer the long axis of the aluminum particles 
1 is, and the higher the aspect ratio thereof is. On the 
contrary, the closer the pH is to 9, the Shorter the long axis 
of the aluminum particles 1 is, and the lower the aspect ratio 
thereof is. When the pH is less than 4 or more than 9, 
plate-shaped particles or amorphous particles increase in 
SOC CSCS. 

0047 The pH value of the reaction mixture can be 
controlled by changing the concentration and the Volume of 
the alkaline aqueous Solution. 
0.048. On the other hand, it is preferable that the volume 
of the aluminum Salt aqueous Solution is equal to or larger 
than the alkaline aqueous Solution. When the concentration 
of the alkaline aqueous Solution is low and the Volume 
thereof is too much, the gelation is 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 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 is 
more preferable for reducing the number of items of the 
Synthesis condition. 
0049. Through the above described process, the gel mate 
rial can be formed in the reaction mixture. In the growth 
process of the boehmite particles by heat treatments as 
shown below, therefore, the boehmite particles in the growth 
proceSS are Stabilized in the gel material, and adherence and 
aggregation of the particles are Suppressed. It is therefore 
possible to obtain nano-sized boehmite particles with the 
particle size distribution range narrowed. 

0050 <Heat Treatment> 
0051. In the present invention, after the aforementioned 
reaction mixture containing the gel material is 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 in the gel 
material. Accordingly, the particle size distribution range 
can be extremely narrowed, 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. 

0.052 The first heat treatment is carried out by heating the 
reaction mixture to a first temperature not leSS than the room 
temperature. The first heat treatment is mainly to promote 
hydrolysis of the alkali metal Salt generated in the reaction 
mixture and promote formation of the gel material in the 
reaction mixture. 

0053. The first temperature may be within a range from 
a room temperature (25 C.) to 140°C., and preferably, 120 
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to 140 C. considering reaction time. If the first heat 
treatment is carried out at a temperature above 140 C., 
boehmite particles with different lengths are generated, and 
in Some cases, the particle Size distribution range of the 
boehmite particles cannot be narrowed even after the Sub 
Sequent heat treatments are carried out. Preferably, the heat 
treatment time is 24 hours or more. In the case of less than 
24 hours, the Standard deviation of the particle size is 
difficult to reduce. 

0054. After the first heat treatment, the second heat 
treatment is carried out. In this Second heat treatment, the 
reaction mixture is heated to a Second temperature higher 
than the first temperature of the first heat treatment. The 
Second heat treatment is carried out mainly to obtain boe 
himite particles with a high aspect ratio. 
0055. The second temperature needs to be higher than the 

first temperature and is specifically within a range from 140 
to 250° C. In particular, 170 to 250° C. is preferred. When 
the temperature is lower than 140 C., it takes a long time to 
generate the particles, and as well as the particle size 
distribution range is widened. Moreover, temperature higher 
than 250 C. is advantageous in manufacturing particles 
with a Small aspect ratio. However, temperature higher than 
250 C. is not recommended in 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 is required when the tempera 
ture is higher than 250 C. 
0056. The heat treatment time in the second heat treat 
ment is preferably within a range from 10 to 30 minutes 
containing a temperature increasing Step, and varies depend 
ing 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. 
0057. After the second heat treatment, the third heat 
treatment is carried out. This third heat treatment is carried 
out at a third temperature lower than the Second temperature 
in the second heat treatment. The third heat treatment is 
performed mainly to narrow the particle size distribution 
range of the boehmite particles. 
0.058. The third temperature is set to, for example, 130° 
C. or lower and preferably, Set to the room temperature or 
lower. It is preferable that the reaction mixture is set to the 
third temperature by rapid cooling from the Second tem 
perature in the Second heat treatment. In this case, consid 
ering a cost of a cooler and resistance of a vessel to 
temperature variation, the third heat treatment can be per 
formed by putting the vessel for the heat treatments into 
running water. Preferably, the time required for the cooling 
is shorter. Specifically, it is preferable that the time required 
for cooling is within 10 minutes. The third heat treatment 
time is preferably 10 minutes or more containing the time 
required for cooling. This can narrow the particle size 
distribution range of the desired boehmite particles. 
0059. After the third heat treatment, the fourth heat 
treatment is carried out. This fourth heat treatment is per 
formed mainly to grow the boehmite particles with a high 
aspect ratio. 
0060 A fourth temperature of the fourth heat treatment 
needs to be set within a temperature range from 100 to 180 



US 2006/0058426A1 

C. If the fourth temperature is higher than 180° C., the 
particle Size distribution range increases, and the Standard 
deviation increases. Moreover, needle-shaped and plate 
shaped particles are turned into Spindle and particle shapes, 
respectively, thus reducing the aspect ratio in Some cases. To 
be specific, in the fourth heat treatment, if the heat treatment 
is performed at a temperature of 180° C. or more, the 
produced particles are remelted and recrystallized (Ostwald 
ripening), and the shape of the particles and the particle size 
distribution range cannot be controlled in Some cases, which 
Sometimes increases the particle size distribution range. 
When the fourth temperature is lower than 100° C., the yield 
is reduced in Some cases. The treatment time is four hours 
to one week, and heating time varies depending on a 
temperature Setting. 

0061. After the aforementioned heat treatment, the vessel 
accommodating the reaction product is allowed to cool, and 
then the produced boehmite particles and the Solution are 
Separated using a centrifugal Separator. Thereafter, to 
remove Salt as a by-product, the obtained boehmite particles 
are centrifuge washed three times with Sodium nitrate aque 
ous solution (0.5 M), centrifuge washed once with water, 
and centrifuge washed once with water-methanol mixed 
solution (volume ratio: water/methanol=0.5/9.5), followed 
by drying to obtain the desired boehmite particles. 
0062) Through the above four step heat treatments, it is 
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 property values can be Suppressed within 10%. 
Accordingly, when the resin composition is manufactured 
by causing the boehmite particles to be contained in the 
predetermined resin, variation in the properties thereof can 
be reduced. It is therefore possible to produce goods with 
Stable quality from the resin composition. 
0.063. It is 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. 
0.064 <Baking Treatment> 
0065 Next, a description is given of a method of manu 
facturing C. and Y alumina particles which are expressed by 
the aforementioned general Formula I when n is 0. 
0.066 For manufacturing such alumina particles, after the 
production 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 
baking treatment. The baking treatment is performed, for 
example, at 450 to 1500 C. for 1 to 3 hours. For example, 
the boehmite particles obtained by the aforementioned 
method is 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 
aforementioned boehmite particles from being damaged by 
thermal StreSS, it is preferable that the temperature increase 
and decrease rates are 2 C./min. By observation of the C. 
alumina powder with a transmission electron microscope, it 
is possible to confirm that each particle Substantially main 
tains its form before the baking treatment and is a hollow 
needle-shaped particle. 
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0067 Moreover, it is preferable to comminute the boeh 
mite particles Serving as a raw material by taking means 
Such as freeze drying the boehmite dispersed into water, or 
Spray drying the Same. When the boehmite particles are 
dried in a heat oven or naturally dried, the particles are 
Strongly fixed to one another, and the a alumina particles 
obtained later becomes incapable of being redispersed into 
the organic Solvent or water. In the case of Synthesizing the 
Y alumina particles, in a similar way to the above, it is 
recommended to use the boehmite particles as a starting 
material and to perform the sintering treatment at 550° C. to 
800° C. 

0068 <Blending of Organic Acid Salt and Dispersion to 
Organic Solvent> 
0069. In manufacturing a resin composition to be 
described later, first, the alumina particle composite 1 is 
made of the alumina particles 2 obtained as described above, 
and Subsequently, a dispersion liquid is prepared, in which 
the alumina particle composite is dispersed into the organic 
Solvent or water. 

0070 A method of dispersing the alumina particle com 
posite into the organic Solvent is described. First, the alu 
mina particles obtained as described above are forcibly 
dispersed into the organic Solvent by using at least one 
means of an ultraSonic wave, a microbead mill, Stirring, and 
high-pressure emulsion, and Subsequently, the organic acid 
containing the predetermined Sulfonic acid group, carboxyl 
group or hydroxyl group, or the boric acid, the phosphoric 
acid or the amino acid is added thereto. In Such a way, the 
target alumina particle composite can be obtained, and 
Simultaneously, the dispersion liquid in which the alumina 
particles are dispersed into the organic Solvent can be 
obtained. 

0071. However, some type of the organic acid for use is 
not dissolved into the organic Solvent and does not react with 
the alumina particles. Accordingly, in this case, it is neces 
Sary to disperse the alumina particles into water once. In the 
case of dispersing the alumina particles into water, the 
means Such as the ultraSonic wave, the microbead mill, the 
Stirring, and the high-pressure emulsion is used. When the 
organic acid Salt is added to the obtained mixed liquid of 
water and the alumina, the target alumina particle composite 
can be obtained. Then, Solvent exchange is performed from 
water to the organic Solvent by performing centrifugal 
Separation, distillation, and So on, thus making it possible to 
obtain the dispersion liquid. 

0072 The dispersion of the boehmite particles by the 
ultraSonic wave is performed by putting the boehmite par 
ticles and water into a predetermined ultraSonic dispersion 
apparatus and driving the apparatus concerned according to 
a usual procedure. The dispersion of the boehmite particles 
by the microbead mill is performed by putting the boehmite 
particles and water into a predetermined microbead mill 
dispersion apparatus and driving the apparatus concerned 
according to a usual procedure. Moreover, the dispersion of 
the boehmite particles by the high-pressure emulsion is 
performed by putting the boehmite particles and water into 
a predetermined high-pressure emulsion apparatus and driv 
ing the apparatus concerned according to a usual procedure. 
0073. Note that, specifically, the high-pressure emulsion 
refers to the following operation. The liquid containing the 
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boehmite particles and the like is pressurized by a pump, 
passed through a narrow gap between a pulp sheet and a 
Valve at a SuperSonic flow rate, and cavitation is thus 
generated at an edge portion of the pulp sheet. Then, a large 
preSSure difference occurs locally following decay of cavi 
ties, and the aggregated particles in the liquid are torn off and 
redispersed into primary particles. 
0.074 Moreover, the organic solvent is not particularly 
limited as long as it is capable of dissolving the resin to be 
manufactured and of uniformly mixing the dissolved resin 
composition and the alumina particle composite therein in 
the polymerization process later. Specifically, mentioned are 
tetrahydrofuran (THF), dichloromethane, 1,2-dichloroet 
hane, chloroform, 1,1,2,2-tetrachloroethane, chlorobenzene, 
dichlorobenzene, methylethylketone, cyclohexanone, 
acetone and the like. These organic Solvents may be used 
Singly or as a mixture of two or more thereof. It is tetrahy 
drofuran and chloroform that are particularly preferable. 
0075 Moreover, in the case of preparing the liquid in 
which the alumina particle composite is dispersed into the 
organic solvent, it is preferable to blend water with the 
organic Solvent. Specifically, a blended amount of water 
with 1 mol of the alumina particle composite is preferably 
0.1 mmol or more in the organic Solvent. In Such a way, 
dispersibility of the alumina particles in the Solvent can be 
improved. 
0.076 Furthermore, it is preferable that a light transmit 
tance of the dispersion liquid in which the alumina particles 
are dispersed be 40% or more. When the light transmittance 
is less than 40%, the dispersibility of the alumina particle 
composite is poor. In the polymerization process to be 
described below, the alumina particle composite contained 
in the dispersion liquid cannot be dispersed uniformly in the 
target resin composition, thus Sometimes making impossible 
to achieve the original object of the present invention. 
(Resin Composition) 
0077. The above-described alumina particle composite 
can be contained as the filler in a resin, and as a result, a 
predetermined resin composition can be obtained. 

0078. The blended amount of the alumina particle com 
posite with the resin is not particularly limited as long as it 
allows required properties (rigidity, thermal resistance, ther 
mal expansion resistance and the like) to be obtained. 
However, the blended amount is preferably within a range 
from 1 to 50% by weight, more preferably 1 to 30% by 
weight. When the blended amount of the alumina particle 
composite is less than 1% by weight, an effect of blending 
the alumina particle composite is Small, and in Some case, 
the improvements of the properties Such as the thermal 
resistance and the thermal expansion resistance are hardly 
recognized. On the other hand, when the blended amount of 
the alumina particle composite exceeds 50% by weight, not 
only the increase of the Specific gravity cannot be ignored 
but also a disadvantage occurs in terms of cost, causing a 
problem that the cost and Specific gravity of the resin 
composition is increased. Moreover, when the content of the 
alumina particle composite is increased, the Viscosity of the 
resin composition is increased, causing a deterioration of the 
moldability. 

0079 The resin made to contain the alumina particle 
composite can include polycarbonate resin, acrylic resin, 
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methacrylic resin, polyester resin, Styrene resin, amorphous 
olefin resin, and the like. In terms of the transparency, 
thermal resistance, and rigidity, thermoplastic resin Such as 
polycarbonate, acrylic and methacrylic resins are preferable. 
It is a matter of course that the alumina particle composite 
is usable not for the purpose of improving the optical 
property but for the purpose of reinforcing the resin. In this 
case, the alumina particle composite can be contained in the 
thermoplastic resin and thermosetting resin. 

0080. As the thermoplastic resin, mentioned are polyole 
fin resin Such as polyethylene resin, polypropylene resin and 
polybutylene resin, olefin modified resin Such as maleic 
anhydride-modified polypropylene resin, polyester resin 
Such as polyethylene terephthalate, polybutylene terephtha 
late and polytrimethylene terephthalate, Styrene resin Such 
as polystyrene, high impact polystyrene, AS resin (acryloni 
trile-styrene resin), ABS resin (acrylonitrile-butadiene-sty 
rene resin) and MBS resin (methylmethacrylate-butadiene 
styrene resin), polyamide resin such as Nylon 6, Nylon 66 
and Nylon 610, and further, polyoxymethylene, polyvinyl 
chloride, polycarbonate, polymethylene methacrylate, and 
thermoplastic polyimide. 

0081. As the thermosetting resin, epoxy resin, phenol 
resin, Xylene resin, alkyd resin, polyimide, urea resin, 
melamine resin, polyurethane resin, and the like can be 
mentioned. 

0082) While the above-described resins can be used sin 
gly, the resins can be used by mixing two or more thereof. 
Preferably, in order to reinforce inexpensive resin, resin to 
be selected is at least one thermoplastic resin Selected from 
the polyolefin resin, the polyamide resin, the polyester resin, 
and the polystyrene resin. 

0083. The resin composition formed of polycarbonate 
can be obtained by a melt-mixing method of adding the 
alumina particle composite to the melted resin by using a 
twin Screw mixer, a polymerization method of adding the 
alumina particle composite in a process of Synthesizing a 
polymer from resin monomers, a Solution method of mixing 
a liquid having the alumina particle composite uniformly 
dispersed therein with a Solution having the resin dissolved 
therein and distilling away a Solvent, and the like. In the 
melt-mixing method, a Solid of the alumina particle com 
posite, a dispersion liquid thereof in water, or a dispersion 
liquid thereof in the organic Solvent is used. For the mixer, 
a twin Screw extruder, a vacuum micro mixer/extruder, a 
labo-plasto mill, and the like are usable, and the mixer is 
Selected and decided depending on the type of alumina 
particles and the type of Solvent in which the alumina 
particles are dispersed. In the polymerization method, the 
polycarbonate resin composition can be 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 is a condensation reaction of a phenol compound 
with two or more Valences with phosgene, and the ester 
eXchange method is an ester eXchange reaction of carbonate 
diester and a hydroxyl compound. The phenol compound 
with two or more valences is preferably 2,2-bis(4-hydroxy 
diphenyl)propane (common name: bisphenol A), bis(4-hy 
droxyphenyl)methane, bis(4-hydroxyphenyl)phenyl 
methane, bis(3,5-dimethyl-4-hydroxyphenyl)ethane, 
1-phenyl-1,1-bis(4-hydroxyphenyl)ethane, 2,2-bis(3,5-dim 
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ethyl-4-hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)- 
3,3,5-trymethylchclohexane, bis(4-hydroxyphenyl)sulfone, 
4,4'-dihydroxybenzophenone, more preferably, 2,2-bis(4- 
hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)-3,3,5- 
trimethylcyclohexane. These divalent phenols and the like 
may be used singly or in combination of two or more 
thereof. 

0084. The carbonate diester compound includes a diaryl 
carbonate Such as diphenylcarbonate, and a dialkyl carbon 
ate Such as dimethylcarbonate and diethylcarbonate. The 
hydroxy compound includes phenol, p-creSol, p-t-butylphe 
nol, p-t-octylphenol, p-cumylphenol, bromophenol, tribro 
mophenol, nonylphenol, and the like. 
0085. The phosgene is preferably used in the method for 
use in the phosgene method; however, it is possible to use 
other dihalogenated carbonyl, which does not inhibit the 
effect obtained by the present invention at all. 
0.086. In the solution method, first, the polycarbonate is 
dissolved into the organic Solvent having the alumina par 
ticle composite dispersed therein. Alternatively, the polycar 
bonate is dissolved into the organic Solvent, and the alumina 
particle composite dispersed in the organic Solvent is mixed 
with the solution of the polycarbonate. Subsequently, the 
mixed Solution of the polycarbonate and the alumina particle 
composite is stirred well, followed by heating, thereby 
removing the Solvent. In this case, pressure reduction and 
heating are performed to the maximum possible, thereby 
distilling away the Solvent quickly. As the Solvent is being 
reduced, the Viscosity of the Solvent is raised; however, the 
Stirring of the Solution is to be continued until the Stirring 
becomes impossible. In Such a way, the resin composition 
free from aggregation can be obtained uniformly. The 
organic Solvent that can dissolve the polycarbonate well is 
recommended. For example, the organic Solvent includes 
tetrahydrofuran, dichloromethane, 1,2-dichloroethane, chlo 
roform, 1,1,2,2-tetrachloroethane, chlorobenzene, dichlo 
robenzene, methylethylketone, cyclohexanone, acetone, and 
the like. 

0087. The acrylic and methacrylic resin compositions in 
the thermoplastic resin can also be obtained by the melt 
mixing method, the polymerization method, the Solvent 
method and the like in a similar way to the polycarbonate 
resin composition. 
0088 As the methacrylic and acrylic resin monomers for 
use in the polymerization method, mentioned are (meth 
)acrylate esterS Such as methyl(meth)acrylate, ethyl 
(meth)acrylate, isopropyl(meth)acrylate, n-butyl(meth)acry 
late, isobutyl(meth)acrylate, n-amyl(meth)acrylate, 
isoamyl(meth)acrylate, n-hexyl(meth)acrylate, 2-ethylhexy 
l(meth)acrylate, octyl(meth)acrylate, decyl(meth)acrylate, 
dodecyl(meth)acrylate), octadecyl(meth)acrylate, cyclo 
hexyl(meth)acrylate, phenyl(meth)acrylate, benzyl 
(meth)acrylate. These monomers may be used singly or in 
combination of two or more thereof. In the light of the 
balance between the transparency, the rigidity, the hardness, 
and the like, it is preferable that methyl(meth)acrylate be a 
major component. More preferably, methyl(meth)acrylate is 
70 mass % or more of the total amount of a monomer 
polymerizable with the aforementioned unsaturated mono 
C. 

0089. Description is made below in detail of the embodi 
ment of the present invention by Examples and Comparative 
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examples. The present invention is not limited to these 
examples. Analysis methods and analyzers employed in the 
present invention are as follows. 
(1) Particle Shape and Length 
0090 Particle shapes were observed by a transmission 
electron microscope (TEM). 
0091 <Observation Method of Particle Shapes 
0092 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, followed by drying, 
thereby preparing observation Samples. Electron microscope 
images of the Samples were photographed with a transmis 
sion electron microscope (120 kV, 70 mA, 100,000 magni 
fication) and observed. 
0093. TEM copper mesh: Microgrid 150-B mesh, car 
bon-reinforced, Okenshoji Co., Ltd. 
0094) Transmission electron microscope: JEOL JEM 
1200EXII, manufactured by JEOL Ltd. 
0.095 <Observation Method of Particle Lengthd 
0096. The micrographs taken by the transmission elec 
tron microscope were Scanned as electron data by a com 
mercially available Scanner, and the particle lengths were 
measured by using Software to measure length on a com 
mercially available personal computer. The short and long 
axis lengths and thickness were respectively measured for 
100 pieces Selected at random. 
0097 Software: Scion Image for Windows (registered 
trademark) manufactured by Scion corp. 
(2) Particle Cross Section 
0098 Particle cross sections were measured by a trans 
mission electron microscope (TEM). 
0099 <Observation Method of Particle Cross Section> 
0100 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 by using an ultramicrotome 
at room temperature. Thereafter, the thin Sections were 
attached to TEM grids, thereby preparing observation 
Samples. Electron microScope images of the Samples were 
photographed by a transmission electron microscope (300 
kV, 400,000 magnification) and observed. 

0101 Epoxy resin: EPON812, Okenshoji Co., Ltd. 
0102 Ultramicrotome: FC-S type microtome, manu 
factured by REICHERT Inc. 

0103) Transmission electron microscope: H-9000, 
manufactured by Hitachi Ltd. 

(3) Identification of Alumina 
0104 Observation was made by using a powder X-ray 
diffractometer. 

0105) <Observation Methodd 
0106 The samples were pressed on non-reflecting plates 
for measurement, thereby preparing observation Samples. 
The observation samples were measured by the X-ray dif 
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fractometer and compared with the JCPDS (Joint Committee 
on Powder Diffraction Standards) of alumina for identifica 
tion. 

0107 X-ray diffractometer: RINT-2000, manufactured 
by Rigaku Corporation 

(4) Quantification of Organic Acid 
0108). The samples were observed by using TG-DTA, IR, 
and NMR. 

0109 TG-DTA measurement apparatus: TG-DTA 320, 
manufactured by Seiko Instruments Inc.; Measurement tem 
perature: room temperature to 900 C.; Temperature rise 
rate: 10 C/S 

0110 Nuclear magnetic resonance spectrometer: 
JNMLA-400, manufactured by JEOL Ltd.; Measured sol 
vent: CDCl 
(5) Measurement of Mechanical and Optical Properties 
0111. The obtained resin compositions were dried and 
granulated, followed by hot pressing, thereby obtaining 
sample films with a thickness of 2 mm. The obtained sheets 
were measured in terms of the light transmittance, bending 
Strength, flexural modulus, and linear expansion coefficient. 
The light transmittance was measured by a haze meter 
(HM-65, manufactured by Murakami Color Research Labo 
ratory). The bending strength and flexural modulus were 
measured by an autograph (DSC-10T, manufactured by 
Shimadzu Corporation). The linear expansion coefficient 
was measured by a thermomechanical analyzer (TMA120C, 
manufactured by Seiko Instruments Inc.). 
(6) Preparation of Alumina Particle-Dispersion Liquid 
(Examples 1 to 4) 

EXAMPLE 1. 

0112 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 (5.10 M, 20 ml, 25 C.) 
was dropped into the same for about 6 minutes while being 
stirred (700 rpm). After the end of the dropping, the mixture 
was further continued to be stirred for 10 minutes, and after 
the end of Stirring, the pH of the Solution was measured 
(pH=7.18). Subsequently, the solution was separated 10 ml 
by 10 ml into autoclaves provided with Teflon liners, and 
then left at 120° C. in an oven for 24 hours (first heat 
treatment). The autoclaves were then moved to an oil bath 
and heated at 180° C. for 20 minutes (second heat treat 
ment). Thereafter, the autoclaves were put into running 
water within 40 Seconds, and were rapidly cooled to about 
10° C. (third heat treatment). The third heat treatment was 
continued for 1 hour. 

0113 Subsequently, the autoclaves were put into the oven 
again and continued to be heated at 140 C. for 1 week 
(fourth heat treatment), and were then cooled with running 
water. After a Supernatant of the Solution in each autoclave 
was removed by centrifugation (18000 rpm, 30 min), the 
obtained product was centrifuge washed three times with a 
Sodium nitrate aqueous Solution (0.5 M), centrifuge washed 
once with water, and centrifuge washed three times with a 
water-methanol mixed Solution (volume ratio: water/metha 
nol=0.5/9.5), followed by drying by using a freeze dryer, 
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thereby obtaining colorless crystal. As a result of X-ray 
diffraction, the obtained crystal was confirmed to be boeh 
mite. 

0114 Examination of the size of the obtained boehmite 
particles revealed that the obtained crystal had a needle 
shape with a long axis length of 115t10 nm, a short axis 
length of 4.6+0.6 nm, and an aspect ratio of about 20 to 30. 
FIG. 3 is the exterior electron microscope photograph of the 
boehmite particles. The observed croSS Section along the 
short axis was hollow. This state is shown on a TEM 
photograph of a cross section in FIG. 4. 
0115 The above-described operations were repeated a 
few times, thereby obtaining 3.32 g of the boehmite par 
ticles. Thereafter, the particles were put into about 100 g of 
water and Stirred, and ultraSonic dispersion was carried out 
for 20 minutes by the ultraSonic dispersion apparatus. There 
after, an obtained aqueous Solution containing the boehmite 
particles was put into a high-pressure emulsifier, and was 
treated with a pressure of 50 MPa. The light transmittance 
measured at this time was 20%. 

0.116) Subsequently, after the end of the high-pressure 
emulsion treatment, 3.32 g of paratoluenesulfonic acid 
monohydrate was put into the Solution and Stirred well, and 
then the ultraSonic dispersion was carried out for 20 minutes 
by the ultrasonic dispersion apparatus. Thereafter, the aque 
ous Solution was put into the centrifugal Separator, and the 
centrifugation was performed therefor at 18000 rpm for 30 
minutes. A Supernatant was removed, and a precipitate was 
air-dried at room temperature. Subsequently, powder 
obtained by drying was dissolved into THF, and further, a 
proper amount of water was added by using a burette. For 
the Solution thus obtained, the ultraSonic dispersion was 
performed for 30 minutes by the ultrasonic dispersion appa 
ratus, and a pressure treatment of 50 MPa was performed by 
the high-pressure emulsifier. In Such a way, a composite of 
the boehmite particles containing the organic acid, which 
were dispersed in THF substantially quantitatively, was able 
to be obtained. 

0117 Note that the light transmittance of the dispersion 
liquid of the boehmite particles in THF was increased to 
72%. Comparison of TEM images of the particles between 
a dispersed State into water and a dispersed State into THF 
revealed that the dispersion into THF relieved the aggrega 
tion more (FIG. 5). Moreover, the dispersion liquid was 
concentrated and dried, and an amount of the paratoluene 
Sulfonic acid on the particles was confirmed by using the 
TG-DTA. Then, 12 mmol of the paratoluenesulfonic acid 
was adhered with respect to 1 mol of the boehmite particles. 
Note that Signals of the paratoluenesulfonic acid were able 
to be confirmed also by an IR measurement, a GC-MASS 
measurement and an NMR measurement. 

EXAMPLE 2 

0118 Boehmite particles were obtained in a similar way 
to Example 1 except that the concentration of the Sodium 
hydroxide was changed from 5.10 M to 4.80 M. The pH of 
the Solution obtained in the manufacturing process was 4.54. 
The obtained boehmite particles were needle-like crystal 
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 had a hollow 
Structure. 
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0119) Subsequently, the ultrasonic treatment and the 
high-pressure emulsion treatment which were similar to 
those of Example 1 were carried out for the boehmite 
particles, thereby preparing a composite of the boehmite 
particles containing the paratoluenesulfonic acid. Subse 
quently, the ultraSonic treatment and the high-pressure emul 
Sion treatment which were similar to those of Example 1 
were carried out, thereby preparing a dispersion liquid of the 
boehmite particles into THF. Note that a light transmittance 
of an aqueous Solution containing the composite was 12%, 
and a light transmittance of the dispersion liquid was 65%. 
Moreover, comparison of TEM images of the particles 
between a dispersed State into water and a dispersed State 
into THF revealed that the dispersion into THF relieved the 
aggregation more (FIG. 6). 
0120 Moreover, the dispersion liquid was concentrated 
and dried, and an amount of the paratoluenesulfonic acid on 
the particles was confirmed by using the TG-DTA. Then, 12 
mmol of the paratoluenesulfonic acid was adhered with 
respect to 1 mol of the boehmite particles. Note that the 
Signals of the paratoluenesulfonic acid were able to be 
confirmed also by the IR measurement, the GC-MASS 
measurement and the NMR measurement. 

EXAMPLE 3 

0121 A colorless solid of the boehmite particles obtained 
by the method of Example 1 was put into an alumina 
crucible and heated at 1000 C. for 4 hours, thereby obtain 
ing 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. 

0122) Identifying the crystal phase of the white powder 
by using X-ray diffraction revealed that the powder was a 
alumina. As a result of examining reduction in weight of the 
powder during the heat treatment, the yield of this reaction 
was substantially 100%. Moreover, as a result of the TEM 
observation of the powder after the heat treatment, it was 
revealed that the particles Substantially maintained their 
forms as they were before the heat treatment and were 
hollow needle-like particles. Furthermore, examination of 
the size of the powder revealed that the powder was needle 
like crystals with a long axis length of 11010 nm, a short axis 
length of 4.7+0.5 nm, and an aspect ratio of about 20 to 30. 
0123 Subsequently, 3.00 g of the powder (C. alumina 
particles) was put into about 100 g of water and stirred well, 
and then the ultraSonic dispersion was carried out for 20 
minutes by the ultrasonic dispersion apparatus. Thereafter, 
the aqueous Solution containing the C. alumina particles was 
put into the high-pressure emulsifier, and treated with the 
pressure of 50 MPa. The light transmittance measured at this 
time was 18%. 

0.124 Subsequently, after the end of the high-pressure 
emulsion treatment, 5.98 g of the paratoluenesulfonic acid 
monohydrate was put into the dispersion liquid and Stirred 
well, and then the ultrasonic dispersion was carried out for 
20 minutes by the ultrasonic dispersion apparatus. Thereaf 
ter, the aqueous Solution was put into the centrifugal Sepa 
rator, and the centrifugation was performed therefor at 
18000 rpm for 30 minutes. A Supernatant was removed, and 
a precipitate was air-dried at room temperature. Subse 
quently, powder obtained by drying was dissolved into THF, 
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and further, a proper amount of water was added by using 
the burette. For the Solution thus obtained, the ultrasonic 
dispersion was performed for 30 minutes by the ultrasonic 
dispersion apparatus, and a pressure treatment of 50 MPa 
was performed by the high-pressure emulsifier. In Such a 
way, a composite of the C. alumina particles containing the 
organic acid, which were dispersed in THF substantially 
quantitatively, was able to be obtained. Note that the light 
transmittance of the dispersion liquid of the C. alumina 
particles in THF was increased to 65%. 
0.125 Moreover, the dispersion liquid was concentrated 
and dried, and an amount of the paratoluenesulfonic acid on 
the particles was confirmed by using the TG-DTA. Then, 6 
mmol of the paratoluenesulfonic acid was adhered with 
respect to 1 mol of the C. alumina particles. Note that the 
Signals of the paratoluenesulfonic acid were able to be 
confirmed also by the IR measurement, the GC-MASS 
measurement and the NMR measurement. 

EXAMPLE 4 

0.126 A colorless Solid of the boehmite particles obtained 
by the method of Example 2 was put into the alumina 
crucible and heated at 1000 C. for 4 hours (sintering 
treatment), thereby obtaining white powder. At this time, to 
prevent the hollow Structure characteristic to the aforemen 
tioned boehmite particles from being broken by thermal 
StreSS, the temperature increase and decrease rate was Set to 
2 C./min. 

0127. Identifying the crystal phase of the white powder 
by using the X-ray diffraction revealed that the powder was 
a alumina. As a result of examining reduction in weight of 
the powder during the heat treatment, the yield of this 
reaction was substantially 100%. Moreover, as a result of the 
TEM observation of the powder after the heat treatment, it 
was revealed that the particles Substantially maintained their 
forms as they were before the heat treatment and were 
hollow needle-like particles. Furthermore, examination of 
the size of the powder revealed that the powder was needle 
like crystals with a long axis length of 353+33 nm, a short 
axis length of 5.4+0.6 nm, and an aspect ratio of about 45 to 
80. 

0128 Subsequently, 3.13 g of the powder (a alumina 
particles) was put into about 100 g of water and stirred well, 
and then the ultraSonic dispersion was carried out for 20 
minutes by the ultraSonic dispersion apparatus. Thereafter, 
the aqueous Solution containing the C. alumina particles was 
put into the high-pressure emulsifier, and treated with the 
pressure of 50 MPa. The light transmittance measured at this 
time was 16%. 

0129. Subsequently, after the end of the high-pressure 
emulsion treatment, 6.02 g of the paratoluenesulfonic acid 
monohydrate was put into the dispersion liquid and Stirred 
well, and then the ultrasonic dispersion was carried out for 
20 minutes by the ultrasonic dispersion apparatus. Thereaf 
ter, the aqueous Solution was put into the centrifugal Sepa 
rator, and the centrifugation was performed therefor at 
18000 rpm for 30 minutes. A Supernatant was removed, and 
a precipitate was air-dried at room temperature. Subse 
quently, powder obtained by drying was dissolved into THF, 
and further, a proper amount of water was added by using 
the burette. For the Solution thus obtained, the ultrasonic 
dispersion was performed for 30 minutes by the ultrasonic 
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dispersion apparatus, and a pressure treatment of 50 MPa 
was performed by the high-pressure emulsifier. In Such a 
way, a composite of the C. alumina particles containing the 
organic acid, which were dispersed in THF substantially 
quantitatively, was able to be obtained. Note that the light 
transmittance of the dispersion liquid of the C. alumina 
particles in THF was increased to 58%. 
0130 Moreover, the dispersion liquid was concentrated 
and dried, and an amount of the paratoluenesulfonic acid on 
the particles was confirmed by using the TG-DTA. Then, 6 
mmol of the paratoluenesulfonic acid was adhered with 
respect to 1 mol of the C. alumina particles. Note that the 
Signals of the paratoluenesulfonic acid were able to be 
confirmed also by the IR measurement. 

EXAMPLE 5 

0131 3.02 g of boehmite particles obtained in a similar 
method to that of Example 1 was put into about 60 g of THF, 
and the boehmite particles were uniformly dispersed into 
THF while using an ultrasonic cleaner and a Stirrer. 
Although the liquid was Suspended at this time, 1.5 g of 
phenylboric acid was added thereto while being stirred well 
without taking care of the Suspension. After being Stirred 
well, the ultrasonic dispersion was carried out for 20 minutes 
by the ultrasonic dispersion apparatus. Thereafter, the liquid 
was put into the centrifugal Separator, and the centrifugation 
was performed therefor at 18000 rpm for 30 minutes. A 
Supernatant was removed, and about 60 g of THF was added 
to the liquid. For the liquid thus mixed, the ultrasonic 
dispersion was performed for 30 minutes by the ultrasonic 
dispersion apparatus, and the pressure treatment of 50 MPa 
was performed by the high-pressure emulsifier. In Such a 
way, a composite of the boehmite particles containing phe 
nylboric acid, which were dispersed in THF substantially 
quantitatively, was able to be obtained. The light transmit 
tance of the liquid became 45%. 

EXAMPLE 6 

0132 A proper amount of ethyl acetate was put into 100 
g (solid concentration of boehmite: 4.5% by weight) of the 
dispersion liquid of the boehmite particles containing the 
paratoluenesulfonic acid in THF, which was obtained by the 
method of Example 1. Subsequently, a mixture thus obtained 
was put into the centrifugal Separator, and the centrifugation 
was performed therefor at 18000 rpm for 30 minutes. A 
Supernatant was removed, and about 100 g of THF and 2.3 
g of phenylboric acid were added to the liquid. For the liquid 
thus mixed, the ultrasonic dispersion was performed for 30 
minutes by the ultraSonic dispersion apparatus, and the 
pressure treatment of 50 MPa was performed by the high 
preSSure emulsifier. In Such a way, a composite of the 
boehmite particles containing phenylboric acid, which were 
dispersed in THF substantially quantitatively, was able to be 
obtained. The light transmittance of the liquid became 40%. 

EXAMPLE 7 

0133) To boehmite particles obtained in a similar way to 
that of Example 1, n-dodecylbenzeneSulfonic acid was 
added in place of the paratoluenesulfonic acid. In Such a 
way, a composite of the boehmite particles dispersed in THF 
was obtained. The light transmittance of the liquid became 
65%. 
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(7) Manufacturing of Polycarbonate Resin Composition 
(Examples 8 to 14, Comparative Examples 1 to 4) 

EXAMPLE 8 

0.134. In a reaction vessel provided with a decompressor, 
a mechanical stirrer, and a reflux unit, 262 g (concentration: 
4.39% by weight) of the boehmite particle-dispersion liquid 
obtained in Example 1, 50.4 g (221 mmol) of bisphenol A, 
49.6 g (232 mmol) of diphenylcarbonate, and a proper 
amount of THF as a solvent were added and stirred for 1 
hour. The System was gradually depressurized by using a 
pressure reduction line, thereby distilling away THF. There 
after, the temperature was further increased, and the 
obtained product was preheated at about 160° C. for 20 
minutes, thereby initiating a condensation reaction of the 
diarylcarbonate compound and bisphenol. Subsequently, the 
temperature of the reaction system was increased to 230 C. 
over 30 minutes. At this temperature, the condensation was 
advanced for about 160 minutes at a reduced pressure of 15 
mmHg or less while the mixture was being Stirred. 
0.135 Subsequently, the temperature of the reaction sys 
tem was increased to 260 C. over 30 minutes. At this 
temperature, the mixture was stirred for about 30 minutes at 
a reduced pressure of 10 mmHg or less, thus reducing an 
oligomer component unreacted. Finally, the mixture was 
ripened for 20 minutes in a range of 260 C. to 290 C. with 
the reduced preSSure maintained, thereby obtaining a poly 
carbonate resin composition. 
0.136 The obtained resin composition was dried and 
granulated, followed by hot pressing at 160° C., thereby 
obtaining a 2 mm thick plate. The properties of the obtained 
Sample plate was examined, and the light transmittance was 
82%; the bending strength, 120 MPa; the flexural modulus, 
4.5 GPa; the linear expansion coefficient, 5.8x10/°C.; and 
the amount of particles blended, 8.7% by weight. These 
property values are shown in FIG. 8, and an exterior 
appearance of the obtained transparent resin piece is shown 
in FIG 7. 

EXAMPLES 9 to 14 

0.137 The boehmite particle-dispersion liquid obtained in 
Example 2, the a alumina particle-dispersion liquids 
obtained in Examples 3 and 4, and the boehmite particle 
dispersion liquids obtained in Examples 5 to 7 were used in 
place of the boehmite particle-dispersion liquid obtained in 
Example 1, thereby obtaining polycarbonate resin compo 
Sitions in a Similar procedure to that of Example 8. These 
polycarbonate resin compositions were dried and granu 
lated, followed by the hot pressing at 160 C., thereby 
obtaining plates with a thickness of 2 mm. The obtained 
plates were measured in terms of the light transmittance and 
the bending Strength in a similar way to Example 1. Results 
are shown in FIG. 8. 

COMPARATIVE EXAMPLE 1. 

0.138. In the reaction vessel provided with the decom 
preSSor, the mechanical Stirrer, and the reflux unit, 11.8g of 
powder of Alumina Sol 520 made by Nissan Chemical 
Industries, Ltd., 50.2 g (221 mmol) of bisphenol A, 49.6 g. 
(232 mmol) of diphenylcarbonate, and a proper amount of 
THF as a solvent were added and stirred for 1 hour. The 
System was gradually depressurized by using the preSSure 
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reduction line, thereby distilling away THF as the solvent. 
Thereafter, the temperature was further increased, and the 
obtained product was preheated at about 160° C. for 20 
minutes, thereby initiating a condensation reaction of the 
diarylcarbonate compound and bisphenol. 
0.139. Note that, though Alumina Sol 520 is commercially 
available as a dispersion liquid into water with a concen 
tration of 20% by weight, Alumina Sol 520 was used here as 
a dried solid by performing freeze drying therefor. More 
over, the particles have a boehmite Structure and are Stick 
like or particle-like mixture with a particle diameter of 10 to 
20 nm. 

0140) Subsequently, the temperature of the reaction sys 
tem was increased to 230 C. over 30 minutes. At this 
temperature, the condensation was advanced for about 150 
minutes at a reduced pressure of 5 mmHg or less while the 
mixture was being Stirred. Furthermore, the temperature of 
the reaction system was increased to 260 C. over 30 
minutes. At this temperature, the mixture was stirred for 
about 30 minutes at a reduced pressure of 10 mmHg or less, 
thus reducing the oligomer component unreacted. Finally, 
the mixture was ripened for 20 minutes in a range of 260 
C. to 290 C. with the reduced pressure maintained, thereby 
obtaining a polycarbonate resin composition. The obtained 
resin composition was dried and granulated, followed by the 
hot pressing, thereby obtaining a plate with a thickness of 2 
mm. The properties of the obtained Sample plate were 
examined, and the light transmittance was 0%; the bending 
strength, 104 MPa; the flexural modulus, 3.3 GPa; the linear 
expansion coefficient, 6.3x10/ C.; and the amount of 
particles blended, 9.4% by weight. Results are shown in 
FIG 9. 

COMPARATIVE EXAMPLES 2 to 4 

0141 Polycarbonate resins were manufactured in a simi 
lar way to Comparative Example 1 except that Aluminum 
oxide C made by Nippon Aerosil Co., Ltd., alumina particles 
CAM 9010 made by Saint-Gobain Ceramic Materials K.K., 
and silica particles SNOWTEX MEK-ST made by Nissan 
Chemical Industries, Ltd. were used in place of Alumina Sol 
520 made by Nissan Chemical Industries, Ltd. Sample plates 
were made from these polycarbonate resins in a Similar way 
to Comparative Example 1, and light transmittances thereof 
and the like were examined. Results are shown in FIG. 9. 

0142. Note that Aluminum oxide C made by Nippon 
Aerosil Co., Ltd. has a spherical shape with a diameter of 
about 13 nm. Moreover, alumina particles CAM9010 made 
by Saint-Gobain Ceramic Material K.K. 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. The particles do not exist Singly, 
but four or five particles are linked together. Furthermore, 
SNOWTEX MEK-ST made by Nissan Chemical Industries, 
Ltd. had a concentration of alumina at 30% by weight and 
was commercially available with alumina dispersed in meth 
ylethylketone. SNOWTEX MEK-ST was dried by spray 
drying and used as a Solid. The particle diameter was about 
10 to 20 nm. 

(8) Manufacturing of Acrylic Resin Composition (Examples 
15 to 20, Comparative Examples 5 to 8) 

EXAMPLE 1.5 

0143 78 g of methyl methacrylate, 25g of acrylic acid, 
and a proper amount of THF as a Solvent were put into a 
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flask in an inert gas Stream, and 0.5 mol % of azobisisobu 
tyronitrile (AIBN) as a polymerization initiator was added 
thereto. While the mixture was being heated to 80° C. and 
Stirred, 258 g of the boehmite particle-dispersion liquid 
(concentration: 4.39% by weight) obtained in Example 1 
was added thereto, and an obtained mixture was maintained 
at 80° C. as it was 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-hexane, 
thereby precipitating a polymer, and then the polymer was 
filtered. In Such a way, a methacrylate resin composition was 
obtained. The obtained resin composition was dried and 
granulated, followed by the hot pressing, thereby obtaining 
a 2 mm thick plate. The properties of the obtained plate were 
examined, and the light transmittance was 84%; the bending 
strength, 118 MPa; the flexural modulus, 4.3 GPa; the linear 
expansion coefficient, 5.5x10/ C.; and the amount of 
particles blended, 9.2% by weight. These property values are 
shown in FIG. 8. 

EXAMPLES 16 to 20 

0144. The boehmite particle-dispersion liquid obtained in 
Example 2 and the C. alumina particle-dispersion liquids 
obtained in Examples 3 and 4 were used in place of the 
boehmite particle-dispersion liquid obtained in Example 1, 
thereby obtaining methacrylate resin compositions in a 
similar procedure to that of Example 15. These methacrylate 
resin compositions were dried and granulated, followed by 
the hot pressing, thereby obtaining plates with a thickness of 
2 mm. The obtained plates were measured in terms of the 
light transmittance, the bending Strength and the like in a 
similar way to Example 15. Results are shown in FIG. 8. 

COMPARATIVE EXAMPLE 5 

0145 76 g of methyl methacrylate, 26 g of acrylic acid, 
and a proper amount of THF as a solvent were put into the 
flask in an inert gas stream, and 0.5 mol % of AIBN was 
added thereto. While the mixture was being heated to 80 C. 
and stirred, 10.0 g of powder of Alumina Sol 620 made by 
Nissan Chemical Industries, Ltd. was added thereto, and an 
obtained mixture was maintained at 80° C. as it was 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 the excessive n-hexane, thereby precipitat 
ing a polymer, and then the polymer was filtered. In Such a 
way, a methacrylate resin composition was obtained. The 
obtained resin composition was dried and granulated, fol 
lowed by the hot pressing, thereby obtaining a 2 mm thick 
plate. The properties of the obtained plate were examined, 
and the light transmittance was 0%; the bending Strength, 
106 MPa, the flexural modulus, 3.8 GPa; the linear expan 
sion coefficient, 5.8x10 / C.; and the amount of particles 
blended, 9.8% by weight. These property values are shown 
in FIG. 9. 

COMPARATIVE EXAMPLES 6 to 8 

0146 Methacrylate resin compositions were manufac 
tured in a similar way to Comparative Example 5 except that 
Aluminum oxide C made by Nippon Aerosil Co., Ltd., 
alumina particles CAM 9010 made by Saint-Gobain 
Ceramic Material K.K., and silica particles SNOWTEX 
MEK-ST made by Nissan Chemical Industries, Ltd. were 
used in place of Alumina Sol 520 made by Nissan Chemical 
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Industries, Ltd. Sample plates were made from these resin 
compositions in a similar way to Comparative Example 5, 
and light transmittances thereof and the like were examined. 
Results are shown in FIG. 9. 

0147 Note that, in FIG. 8, property values of polycar 
bonate resin that does not contain any filler are shown as 
Reference Example 1, and property values of methacrylate 
resin that does not contain any filler are shown as Reference 
Example 2. 

0148. As apparent from the results in FIGS. 8 and 9, the 
resin composition containing the alumina particle composite 
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. In addition, the linear expansion coefficient of the 
resin composition was also low, which revealed that thermal 
stability thereof was also excellent. 
0149. In Example 6, paratoluenesulfonic acid bonded to 
the Surfaces of the alumina particles was Substituted by 
phenylboric acid, thereby preparing the alumina particle 
composite in which phenylboric acid was chemically 
bonded to the Surface. Although it is possible to prepare the 
alumina particle composite containing phenylboric acid also 
by the method as described in Example 5, it is also possible 
to prepare the alumina particle composite by the method of 
changing the Substituent, which is as described in Example 
6. In the case of preparing the alumina particle composite 
containing phenylboric acid by the method of Example 6, a 
liquid in which the dispersibility of alumina is higher can be 
obtained than in the case using the method of Example 5. 

0150. As above, the present invention has been described 
in detail with the Specific examples. However, the present 
invention is not limited to the aforementioned contents, and 
various modifications and alterations can be made without 
departing from the Scope of the present invention. For 
example, the resin composition of the present invention is, 
when necessary, can be added with an antioxidant, a thermal 
Stabilizer, an ultraViolet absorber, a lubricant, a mold release 
agent, dyestuff, 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 Stabilizer 
are hindered phenol, hydroquinone, thioether, phosphates, 
Substitutions thereof, or the like. The ultraviolet absorber is 
resorcinol, Salycylate, benzotriazole, benzophenone, and the 
like. The lubricant and mold release agent are Silicone resin, 
montanic acid or Salts thereof, Stearic acid or Salts thereof, 
Stearyl alcohol, Stearyl amide, or the like. The dyestuff is 
nitrosin or the like. The pigment is cadmium Sulfide, phtha 
locyanine, or the like. The attachment agent is Silicone oil or 
the like. The nucleating agent is talc, caolin, or the like. 
0151. The entire contents of Japanese Patent Applications 
No. P2004-259933 with a filing date of Sep. 7, 2004, No. 
P2004-361599 with a filing date of Dec. 14, 2004 and No. 
P2005-029168 with a filing date of Feb. 4, 2005 are herein 
incorporated by reference. 

0152 Although the invention has been described above 
by reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described above 
will occur to these skilled in the art, in light of the teachings. 
The scope of the invention is defined with reference to the 
following claims. 
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What is claimed is: 
1. An alumina particle composite, comprising: 
an alumina particle; and 
an organic acid chemically bonded to a Surface of the 

alumina particle. 
2. The alumina particle composite according to claim 1, 
wherein the organic acid comprises a Sulfonic acid group. 
3. The alumina particle composite according to claim 2, 
wherein the organic acid is alkylbenzeneSulfonic acid. 
4. The alumina particle composite according to claim 1, 
wherein the organic acid is boric acid. 
5. The alumina particle composite according to claim 1, 
wherein a content of the organic acid is 1 mmol or more 

with respect to 1 mol of the alumina particles. 
6. The alumina particle composite according to claim 1, 
wherein the alumina particle has 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, and 

the alumina particle is represented by Formula I, 
Al2OnH2O Formula I 

where n is 0 or more. 
7. The alumina particle composite according to claim 6, 

wherein the alumina particle has a hollow inside. 
8. The alumina particle composite according to claim 6, 

wherein when n is 0 in the Formula I, the alumina particle 
is a alumina. 

9. The alumina particle composite according to claim 6, 

wherein when n is 1 in the Formula I, the alumina particle 
is boehmite. 

10. A method of manufacturing an alumina particle com 
posite, comprising: 

adding an alkali acqueous Solution in an aqueous Solution 
with an aluminum Salt to produce a reaction mixture 
containing a gel material of aluminum 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 tempera 
ture, 

after the Second heating, third heating the reaction mix 
ture at a third temperature lower than the Second 
temperature, and 

after the third heating, fourth heating the reaction mixture 
at a fourth temperature not less than the room tempera 
ture; and 

dispersing boehmite particles generated in the reaction 
mixture into a Solvent, and adding an organic acid to the 
Solvent. 

11. The method of manufacturing an alumina particle 
composite according to claim 10, 

wherein the boehmite particles are dispersed into the 
Solvent by using at least one means of an ultrasonic 
wave and high-pressure emulsion. 
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12. The method of manufacturing an alumina particle 
composite according to claim 10, 

wherein a ratio of a concentration of the aqueous Solution 
with the aluminum Salt and a concentration of the alkali 
aqueous Solution is 4 to /2 in molar ratio. 

13. The method of manufacturing an alumina particle 
composite according to claim 10, 

wherein a concentration of the aqueous Solution with the 
aluminum salt is within a range from 1.0 to 3.0M, and 
a concentration of the alkali aqueous Solution is within 
a range from 4.0 to 10.0 M. 

14. The method of manufacturing an alumina particle 
composite according to claim 10, 

wherein a form of the boehmite particle is changed by 
changing pH of the reaction mixture. 

15. The method of manufacturing an alumina particle 
composite according to claim 10, 

wherein the first temperature ranges from the room tem 
perature to 140 C. 

16. The method of manufacturing an alumina particle 
composite according to claim 10, 

wherein the second temperature ranges from 140 to 250 
C 

17. The method of manufacturing an alumina particle 
composite according to claim 10, 

wherein the third temperature is not higher than 130 C. 
18. The method of manufacturing an alumina particle 

composite according to claim 10, 
wherein time taken for cooling from the Second tempera 

ture to the third temperature is within 10 minutes. 
19. The method of manufacturing an alumina particle 

composite according to claim 10, 
wherein the fourth temperature ranges from 100 to 180 

C. 
20. The method of manufacturing an alumina particle 

composite according to claim 10, further comprising: 
baking a boehmite particle obtained by the fourth heating. 
21. A resin composition, comprising: 
resin, and 

an alumina particle composite contained in the resin as a 
filler, the alumina particle composite comprising: an 
alumina particle, and an organic acid chemically 
bonded to a Surface of the alumina particle. 

22. The resin composition according to claim 21, 
wherein a blended amount of the alumina particle com 

posite is within a range from 1 to 50% by weight. 
23. The resin composition according to claim 21, 
wherein the resin is at least one thermoplastic resin 

Selected from polycarbonate, acrylic and methacrylic 
resins. 

24. The resin composition according to claim 21, 
wherein the organic acid comprises a Sulfonic acid group. 
25. The resin composition according to claim 24, 
wherein the organic acid is alkylbenzeneSulfonic acid. 
26. The resin composition according to claim 21, 
wherein the organic acid is boric acid. 
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27. The resin composition according to claim 21, 
wherein a content of the organic acid is 1 mmol or more 

with respect to 1 mol of the alumina particles. 
28. The resin composition according to claim 21, 
wherein the alumina particle has 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, and 

the alumina particle is represented by Formula I, 
Al2OnH2O Formula I 

where n is 0 or more. 
29. The resin composition according to claim 28, 
wherein the alumina particle has a hollow inside. 
30. The resin composition according to claim 28, 
wherein when n is 0 in the Formula I, the alumina particle 

is a alumina. 
31. The resin composition according to claim 28, 
wherein when n is 1 in the Formula I, the alumina particle 

is boehmite. 
32. A method of manufacturing a resin composition, 

comprising: 
dispersing an alumina particle composite into a first 

Solvent to produce an alumina particle-dispersion liq 
uid; 

mixing a monomer as a raw material of resin and the 
alumina particle-dispersion liquid; and 

polymerizing the monomer in a State where the monomer 
and the alumina particle-dispersion liquid are mixed 
together, 

wherein a method of manufacturing the alumina particle 
composite comprises: 
adding an alkali aqueous Solution in an aqueous Solu 

tion with an aluminum Salt to produce a reaction 
mixture containing a gel material of aluminum 
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; 

after the Second heating, third heating the reaction 
mixture at a third temperature lower than the Second 
temperature; and 

after the third heating, fourth heating the reaction 
mixture at a fourth temperature not leSS than the 
room temperature, and 

dispersing boehmite particles generated in the reaction 
mixture into a Second Solvent, and adding an organic 
acid to the Second Solvent. 

33. The method of manufacturing a resin composition 
according to claim 32, 

wherein the alumina particle-dispersion liquid is prepared 
by using at least one means of an ultraSonic wave and 
high-pressure emulsion. 

34. The method of manufacturing a resin composition 
according to claim 32, 
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wherein a light transmittance of the alumina particle 
dispersion liquid is 40% or more. 

35. The method of manufacturing a resin composition 
according to claim 32, 

wherein the first Solvent includes an organic Solvent and 
water which is blended with the alumina particle com 
posite in a ratio of 0.1 mmol or more to 1 mol. 

36. The method of manufacturing a resin composition 
according to claim 32, 

wherein a ratio of a concentration of the aqueous Solution 
with the aluminum Salt and a concentration of the alkali 
aqueous Solution is 4 to /2 in molar ratio. 

37. The method of manufacturing a resin composition 
according to claim 32, 

wherein a concentration of the aqueous Solution with the 
aluminum salt is within a range from 1.0 to 3.0M, and 
a concentration of the alkali aqueous Solution is within 
a range from 4.0 to 10.0 M. 

38. The method of manufacturing a resin composition 
according to claim 32, 

wherein a form of the boehmite particle is changed by 
changing pH of the reaction mixture. 

39. The method of manufacturing a resin composition 
according to claim 32, 
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wherein the first temperature ranges from the room tem 
perature to 140 C. 

40. The method of manufacturing a resin composition 
according to claim 32, 

wherein the second temperature ranges from 140 to 250 
C. 

41. The method of manufacturing a resin composition 
according to claim 32, 

wherein the third temperature is not higher than 130 C. 
42. The method of manufacturing a resin composition 

according to claim 32, 

wherein time taken for cooling from the Second tempera 
ture to the third temperature is within 10 minutes. 

43. The method of manufacturing a resin composition 
according to claim 32, 

wherein the fourth temperature ranges from 100 to 180 
C. 

44. The method of manufacturing a resin composition 
according to claim 32, further comprising: 

baking a boehmite particle obtained by the fourth heating. 


