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DESCRIPTION

NANO-OXIDE PARTICLES AND PRODUCTION PROCESS THEREOF

[TECHNICAL FIELD]

The present invention relates to nano-oxide
particles for imparting‘characteristics such as a
desired refractive index and transparency to a
composite material comprising an oxide and an organic
polymer and a process for producing the nano-oxide
particles. The present invention also relates to a
transparent optical resin material and an optical

material which employ the nano-oxide particles.

[BACKGROUND ART]

Amorphous thermoplastic resins such as
styrene-based resin, acrylic resin and polycarbonate
resin and curable resins such as unsaturated polyester
resin agd diallyl phthalate resin are general-purpose
transparent resin materials having good transparency
to light of wavelengths in the visible region.
Qompared with inorganic glass materials, these resin
materials have low specific gravity and an excellent
characteristic well-balanced in terms of mechanical
characteristics such as moldability, mass-productivity,
toughness, flexibility, and shock resistance. However,

refractive indices of these resin materials are
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determined by their constituents, so that the resin .
materials have a narrow variable region of optical
characteristics compared with conventional optical
glass materials.

In order to increase a refractive index of' a
transparent resin material, attempt to incorporate
fine particles of metal oxide, metal sulfide, or the
like having a high refractive index into the resin
matrix has been made.

Japanese Laid-Open Patent Application (JP-A)
Hei 1-306477 has disclosed a coating agent, for an
optical material, comprising an oxide sol such as an
antimony oxide sol and siloxane as a matrix component.
In this case, a silane coupling agent or siloxane
contributes to dispersion of the colloid. However, a
bonding property between siloxane and fine oxide
particles is deteriorated by the existence of water so
that it is difficult to sufficiently suppress
agglomeration among the fine oxide particles. Such a
composite material is therefore limited to application
of a thin film, and thas not yet been used as a bulk
material.

‘As an attempt to improve dispersibility of the
oxide particles in the matrix, studies on a dispersant
acting on surfaces of the oxide particles and on
introduction of a component acting on the fine oxide

particles into the matrix have been made.

PCT/JP2007/067350
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JP-A Hei 5-25320 has disclosed a curable
composition comprising a thermosetting resin such as
acrylic resin or unsaturated polyester resin, an
inorganic filler of fine powder, such as titanium
oxide or the like, and a dispersant consisting of a
phosphate compound having a terminal aryl group. JP-A
2002-55225 has disclosed an active
energy-polymerizable resin layer, as a hard coating
surface layer of an optical filter, containing
inorganic particles treated with an organic compound
having an active energy-curable group and an acidic
group suéh as phosphoric group, sulfonic group or
carboxylic group. JP-A (Tokuhyo) 2004-524396 has
disclésed a composite composition, as an electric or
optic device, comprising inorganic particles and a
polymer having a side-chain containing oxysilane group,
phosphonate group, sulfide group, amino group, or
sulfonate group. JP-A 2002-105325 has disclosed a
composition. prepared by dispersing semiconductor
ultrafine particles in a resin matrix having a polymer
chain copolymerized with radical-polymerizable
phosphine oxide as a ligand for the fine particles.

In the fields of utilizing nanometer oxides
for the purpose of increasing a refractive index of an
optical material, uniform dispersion of fine particles
at nanometer level has become increasingly important.

In addition to the optical material, a dispersing
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technique of nano-oxide particles is also required for
an inorganic-organic composite material strengthened
with the nano-oxide particles, a shielding material
for radiatioﬁ, ultraviolet rays, visible rays, or
infrared rays on the basis of absorbency of the
nano-oxide particles, a nonlinedr material based on
plasmon in the nano-oxide particles, etc.

However, in the techniques disclosed in the
above described documents, interaction between a
surface of inorganic fine particle and a functional
group such as phosphoric group, phosphine oxide or
carboxyl group is ensured but a resultant bonding
strength is not sufficiént. Accordingly, with a
decrease in size of the inorganic fine particles,
agglomeration among colloid particles cannot be
sufficiently suppressed) so that it is difficult to
sufficiently uniformly disperse the fine particles of
nanometer level. In the case of requiring thermal
moldability, it is required that dispersibility of
nano—-oxide particles is not destroyed by flow of a
thermoplastic matrix, so that a surface treating

technique of the oxide fine particles becomes further

 difficult.

[DISCLOSURE OF THE INVENTION]
In view of the above described problems, a

principal object of the present invention is to

PCT/JP2007/067350
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provide nano-oxide particles capable of being
uniformly dispersed in a general-purpose resin matrix
to suffiéiently reduce a degree of agglomeration among
particles.

Another object of the present invention is to
provide a transparent optical resin material
containing the nano-oxide particles for the purpose of
realizing a high refractive index or the like and a
lens using the transparent optical resin material.

According to an aspect of the present
invention, there is provided nano-oxide particles
comprising particles each surface of which is coated
with a polyvinyl monomolecular film having a binding
functional group. |

According to another aspect of the present
invention, there is provided a production process of
surface-protected nano-oxide particles, comprising:

polymerizing a vinyl monomer having a binding
functional group in a solution containing nano-oxide
particles, the vinyl monomer having the binding
functional group, and a dispersion medium,

wherein the dispérsion medium is contained in
the solution in an amount of 70 wt. % or more.

The nano-oxide particles of the present
invention are coated with the polyvinyl monomolecular
film having the binding functional group, so that the

nano-oxide particles exhibit high dispersibility and
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can be dispersed at a high concentration in an optical
resin material, a polymerizable monomer for an optical
material, or a curable oligomer for the optical
material. As a result, it is possible to realize an
optical material or an optical lens which has a high
refractive index and excellent transparency. It is
also possible to realize a high-strength composite
material containing nano-oxide particles dispersed
therein.

These and other objects, features and
advantages of the present invention will become more
apparent upon a consideration of the following
description of the preferred embodiments of the
present invention taken in conjunction with the

accompanying drawings.

[BRIEF DESCRIPTION OF THE DRAWINGS]

Figure 1 is . a schematic view for illustrating
a nano-oxide particle according to the present
invention.

Figure 2 is a schematic view for illustrating
a lens molded from a transparent optical resin
material in which nano-oxide particles of the present

invention are dispersed.

[BEST MODE FOR CARRYING OUT THE INVENTION]

Preferred embodiments of the present invention

PCT/JP2007/067350
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will be described in detail.

The nano—oﬁide particles of the present
invention are characterized in that agglomeration
among the nano-oxide particles is suppressed by
coating a surface of each nano-oxide particle with a
polyvinyl monomolecular film having a binding
functional group. "The binding functional group derived
from a vinyl monomer having a binding functional group
bonds to the surface of nano-oxide particle. The vinyl
monomer is polymerized to provide a vinyl polymer
(polyvinyl compound) . Hydrocarbon linkages (bonds) are
exposed at an outermost surface of nano—oxide particle
to form a monomolecular film. Figure 1 schematically
illustrates a nano-oxide particle of the present
invention. Referring to Figure 1, M represents a metal
atom located at the nano-oxide particle surface. 1In
the case where the binding functional group is
phosphoric group, as shown in Figure 1, phosphorus
atom forms P-O-M linkage (bond) with associated metal
oxide located at the nano-oxide particle surface. Aﬁ
the same time, a vinyl group of each molecule is
polymerized.

Generally, the "monomolecular film" means a
film, such as LB (Langmuir-Blodgett) film, in which a

Ymonomer (one molecule) is placed in such a state that
- hydrophobic éroups and hydrophilic groups are

uniformly arranged. However, in the present invention,
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a monomer béfore its vinyl group is polymerized is
regarded as one molecule and a film in which a chain
after the polymerization binds to the oxide particle
through the binding functional group. is referred to as
a "polyvinyl monomolecular film". More specifica}ly,
at the surface of the oxide particle, the vinyl
monomer is polymerized and present as a polymer while
the binding functional group derived from the vinyl
monomer binds to the oxide surface.

In the present invention, the
nano-oxide particles means oxide particles having a
particle size of 100 nm or less.

The binding functional group of the polyvinyl
monomolecular film acts on metal ion and hydroxyl
group at the oxide particle surface and attracts the
polyvinyl monomolecular film to the oxide particle
surface. The action may be attributable to covalent
bond, ionic bond, hydrogen bond, and chelate bond.
Herein, the binding functional group means a
functional group capable of binding to the oxide
particle surface. The binding functional group is not
particularly limited and can be used in the present
invention so long as a functional group binds to metal
ion of the oxide. Examples of the binding functional
group may include primary amino group, secondary amino
group, tertiary amino group, hydroxyl group, €poxy

group, organic group having P-diketone structure,
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organic group having B-ketoester, carboxyl group,
sulfonic group, phosphoric group, and thiol group.

The polyvinyl monomolecular film having the
binding functional group used in the present invention
is prepared by polymerizing a vinyl monomer having the
binding functional group, a vinyl monomer mixture
containing the vinyl monomer, or a polymerizable
oligomér of the vinyl monomer. |

Specific examples of the vinyl monomer having
the binding functional group will be described.

Examples of the amino group-containing vinyl

monomer may include HpC=CHCHoNHp, HpC=CHCHpNHCH3,
H,C=C (CH3) COOCH4NHp, HpC=C (CH3)COOCH4NHCH3,
HoC=C (CH3) COOCH¢N (CH3) 2, HpC=C(CH3)COOC2H4N (C2Hs) 2,
H,C=(CH3) COOC3HgNHp, HpC=C (CH3) COOC3HENHCH3,
H,C=CHCOOCoH4NHp, HpC=CHCOOCpH4NHCH3, and
HoC=CHCOOCoH4N (CH3) 2.

Examples of the hydroxyl.group—containing
vinyl monomer may include HpC=CHCHpOH,
HpC=C (CH3)COOCH4OH, H2C=C(CH3)COOC3H60H,'
H,C=C (CH3) COOCH,CHOHCH3, HpC=C (CH3)COOCHCHOHCHCH3,
H,C=CHCOOCo,H40H, HoC=CHCOOC3HgOH, HoC=CHCOOCH2CHOHCH3,
and HpC=CHCOOCHpCHOHCHCH3.

Examples of (meth)acrylic monomer having the
epoxy group may include a vinyl monomer represented by

the following formula (3):

PCT/JP2007/067350
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|
HyC==C——C~0—CHo—CH—CH, ®)

wherein Ry represents hydrogen atom or methyl group.
Examples of the sulfonic group-containing.
vinyl monomer may include CHp=CHSO3H, CHp=CHCHpSO3H,
5 HpC=C(CH3)COOC3H40SO3H, HpC=C (CH3)COOC3HgSO3H,
HpC=C (CH3) COOCH40COC5H1 0S03H,
HpC=CHCOOCH40COC5H] 00SO3H, and
HpC=CHCOOCq2Hp4 (1, 4-pH) SO3H.
Examples of the carboxyl group-containing
10  vinyl monomer may include those represented by the

following formulas (4) and (5):

| 4)

Re O 0 O

[ I . 5
'HQC-w”'"—-*C“"“C"”Q"“CQH[”O“C“CQHA;“’”“C”"""""OH ( )

15 wherein Rg and Rg represent hydrogen atom or methyl
group.
Examples of the phosphoric group-containing
vinyl monomer may include (meth)acrylate monomer

having phosphoric group represented by the following
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Rm
CH ——C R14
2 1 \ i )
O==C~—0 CHQ-cmo P —OH
H OH
R12 Ri5
CHZ—»C % (I?FSCH2
C—O CH?_—C—O~ p-—0 H""’CHQ 0**—0\\} 0
/m {in | o

wherein Rig, Ri2 and Ris independently represent

hydrogen atom or methyl group; Rij, R13 and Rig

5 independently represent hydrogen atom or alkyl group;
and n, m and 1 are an integer of 1 or more.
Commercially available phosphoric
_group-containing vinyl monomer may include those

represented by the following formula (8):

10
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CH;
CH,=C( 0
Q== —0—CH,-CHy—0 — QW—OH
CH; on
CHQ——“& GHZCI 0
O—~é:——0—~CH2—C H —QOH
. e
oMyt 0
GwcwﬁmCsz«Csze-w% ~—OH
OH

r=5,6
Examples of the thiol group-containing vinyl

monomer may include CHo=CHCHpSH and CHp=CHCHCHpSH.

It is also possible to add another vinyl
monomer in an amount of 80 wt. % or less on the basis
of starting material as a copolymerization component
to the binding functional group-containing vinyl

monomer so long as a binding force between the

polyvinyl monomolecular film and the oxide particle is

(8)
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not impaired.

Examples of such a vinyl monomer may include
acrylates, methacrylates, acrylonitrile,
methacrylonitrile, styrene, nuclear-substituted
styrenés, alkyl vinyl ethers, alkyl vinyl esters,
perfluoroalkyl vinyl ethers, perfluorocalkyl vinyl
esters, maleic acid, maleic anhydride, fumaric acid,
itaconic acid, maleimide, and phenylmaleimide.

As another method of obtaining the polymer
having the binding functional group, it is also
possible to impart the above described binding
functional group to a polyvinyl compound having a
reactive functional group. For example, when the

reactive functional group is epoxy group or hydroxyl

group, the polyvinyl compound is reacted with P05 or

H3PO4 to change the reactive functional group of the

polyvinyl compound into the phosphoric group.

The polyvinyl monomolecular film may
preferably contain the acrylic.monomef component in an
amount of 20 wt. % or more, particularly 50 wt. % or
more on the monomer basis. This i1s because when the
amount of the acrylic monomer component is increased,
an affinity for avgeneral purpose transparent resin
material is increased, thus leading to good
transparency of nano-oxide particle-dispersed

composite material.

The above described binding functional group
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may preferably be thiol group, carboxyl group,
sulfonic group, or phosphoric group, particularly
phosphoric group. In this case, the binding functional
group forms strong ionic bond with metal ion at the
oxide particle, so that a binding force of the
polyvinyl monomolecular film onto the oxide particle
surface is increased. In the case of the phosphoric
group, it forms P-O-M bond (M: metal ion of the oxide)
with the metal ion located at the oxide particle
surface remains attached on the oxide pérticle surface
in mény environments including moisture environment.
In addition, it causes less light absorption in the -
visible region. Further, from the viewpoints of
economy and an affinity for the matrix, it is more
preferable that the phosphoric group-containing
acrylates represented by the above described formula
(8) are used.

The nano-oxide particles may preferably have a
particle size in a range of 0.5 - 30 nm, more
preferably 1 - 10 nm. When the particle size is 0.5 nm
or larger, a characteristic attributable to the oxide
can be obtained. When the particle size is 30 nm or
smaller, light scattering by the particles is less, so
that it is possible to obtain a high-transparency
composite material when the nano—oxiae particles are
combined with a transparent resin matrix. Herein, the

particle size means a crystallite size of primary
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particles and can be determined by direct observation
through a transmission electron microscope (TEM) or
the like.

In the present invention, any nano-oxide
particleé except for nano-oxide particles of alkali
metal can be used.: Examples of oxides for the
nano-oxide partiéles of the present invention may
include magnesium oxide, aluminum oxide, iron oxide,
titanium oxide( gallium oxide, niobium oxide, tin.
oxide, indium‘oxide, zirconium oxide, lanthanum oxide,
cadmium oxide, hafnium oxide, erbium oxide, neodymium
oxide, cerium oxide, dysprosium oxide, and a mixed
oxide of these oxides. From the viewpoint of stability,
it is preferable that aluminum oxide, iron oxide,
titanium oxide, galium oxide, niobium oxide, tin oxide,
indium oxide, zirconium oxide, lanthanum oxide,

cadmium oxide, hafnium oxide, erbium oxide, neodymium

.oxide, cerium oxide, dysprosium oxide, and a mixed

oxide of these oxides are used. Such oxide particles
of nano-size ordinarily have many hydroxyl groups at
their surfaces and are stabilized in many cases by
electric double layer created by acid or base or by a
surface treatment agent. Further, the oxide particles
used in the present invention may also include a
partially hydroxylated particles such as oxide
particles containing hydroxyl group in their crystal

lattices.
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The nano-oxide particles of the present
invention can be present in a dispersed state in an
organic dispersion medium. The dispersion medium caﬁ
be selected, depending on the application therefor,
from alcohols such as methanol, ethanol, propanol,
iso-propanol, butanol, sec-butanol, and tert-butanol;
ketons such as acetone and methyl ethyl ketone; and
aromatic solvents such as toluene and xylene. Further,
it is also possible to use a mixture solvent of water
with these organic solvents, as desired. It is further
possible to use the nano-oxide particles in other
dispersion states in which they are dispersed in a
monomer solution, an oligomer solution, or a mixture
solution of the monomer solution and the oligomer
solution.

A specific production process of the
nano-oxide particles which have been surface-protected
or coated according to the present invention will be
described.

The nano-oxide particles of the present
invention can be obtained by binding the polymer
having the binding functional group and a polyvinyl
main chain to the surfaces of the oxide particles to
form a polyvinyl monomolecular f£ilm at each oxide
particle surface. The polyvinyl monomolecular film can
also be formed by in-situ vinyl polymerization of the

vinyl monomer in a dispersion state at the oxide
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particle surfaces. In this case, formation of the bond
between the binding functional group and the oxide
particle surface and the polymerization of the vinyl
monomer proceed at the same time to form the polyvinyl
monomolecular film at the oxide particle surface.

More specifically, in a disﬁersion solution
containing the oxide particles and the vinyl monomer
having the binding functional group, the
polymerization is performed in a state in which an
amount of the dispersion medium in the entire
dispersion solution is 70 wt. % or more. When the
amount of the dispersion medium in the entire
dispersion solution is 70 wt. % or more, by the
interaction of the binding functional group-containing
vinyl monomer with the oxide particle surface, the
probability of polymerization at the oxide particle
surface is larger than the probability of
polymerization between vinyl monomer components in the
dispersion medium to permit dominant formation of the
polyvinyl monomolecular film at the oxide particle
surface. Further, the polymerization between the vinyl
monomer components having the binding functional group
proceeds at a moderate speed and with a degree of the
polymerization, a degree of contribution to
stabilization of entropy at the oxide particle surface
inreases, so that a tendency of binding to the oxide

particle is more enhanced. Accordingly, the
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polymerization product in the dispersion medium can
also contribute to formation of the monomolecular film
at the oxide particle surface. As a polymerization
condition, the amount of the dispersion medium in the

o

dispersion solution may more preferably be 80 wt. % or
more. |

Further, the polyvinyl monomolecular f£ilm may
also be formed at the oxide particle surface by using
a dispersion solution containing another vinyl monomer
or a polymerizable oligomer as desired. Further, if
necessary, it is also possible to employ a process of
adsorbing and attaching the binding functional
group-containing vinyl monomer to the oxide particle
surface in advance of the polymerization. This process
may, e.g., be an oxidative decomposition process of a
colloidal surface stabilizing component other than the
binding functional groupfcontaining vinyl monomer or a
dissociation process using a method such as dialysis
or substitution of”the solvent with a solvent
different in affinity.

The dispersion medium used in the present
invention is not particularly limited so long as it
can disperse the nano-oxide particles having the
dispersibility in the above described polymerizable
monomer but may preferably be a hydrophilic organic
dispersion medium such as alcohols or ketones or a

mixture solvent of the hydrophilic organic dispersion
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medium with water from the viewpoint of stability of
the nano-oxide particles. Examples of alcohols may
include methanol, ethanol, propanol, butanol, etc. In
the case where the oxide particle surface is coated
with the binding functional group-containing monomer,
as the dispersion medium, it is also possible to use a
hydrophobic dispersion medium such as toluene or
xylene. In the case of using an agueous dispersion
solﬁtion of the nano-oxide particles, an agueous
dispersion medium may preferably be partly replaced
with the hydrophilic organic dispersion medium in
order to ensure the stability of the dispersion
solution. The replacement with the hydrophilic
dispersion medium may be performed before or during
the wvinyl polymerization.

The vinyl polymerization is performed by using
a polymerization initiator. Examples of the
polymerization initiator may include azo-type
initiators such as 2,2-azobisisobutyronitrile,
2,2—azobis(2,4—dimethylvaleronitrile), dimethyl
2,2—azobis(2—methylpropionate), and dimethyl
2,2-azobisisobutylate; and peroxide-type initiators
such as lauryl peroxide, benzoyl peroxide, and
tert-butyl peroctoate. In the aqueous dispersion
medium, it is possible to use an aqueous initiator
such as potassium persulfate.

Further, it is also possible to initiate

PCT/JP2007/067350
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radical copolymerization only by light irradiation. As
a photodegradable>radical initiator, it is possible to
use, e.g., aminoacetophenones such as
a—aminoacetophenoné and

2-benzyl-2-dimethylamino-1- (4-morphorinophenyl) -butane
-1; benzyldimethylketals; and glyoxylates.

As the oxide particles used in the present
invention, from the veiwpoints of uniformity in
particle size and stability of the dispersion solution,
oxide particles synthesized through hydrothermal
method may preferably be used. More specifically, a
hydroxide is formed by a known method such as ion
exchanging method, deflocculating method or hydrolysis
method, and then is heated to form a stable oxide
colloid sol, which is used as the oxide particles.

Examples of the ion exchanging method may
include a method in which acidic salt of metal is
treated with hydrogen-type cation exchange resin and a
method in which basic salt of metal is treated with
hydrogen-type anion exchange resin.

Examples of the deflocculating method may
include a method in which a gel obtained by
neutralizing the acidic salt of metal with base or the
basic salt of metal with acid is washed and then is
aeflocculated with an acid or a base.

Examples of the hydrolysis method may include

a method in which alkoxide of metal is hydrolyzed and
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a method in which unnecessary acid 1s removed after
the basic salt of metal is hydrolyzed under heating.

The oxide particles may preferably be
surface-modified with acid, base, an organic compound,
a surfactant, or the like during or after the
hydrothermal synthesis. The oxide particles may also
be surface-modified with the binding functional
group-containing monomer or oligomer.

The nano-oxide particles of the present
invention are finally covered with the polyvinyl
monomolecular film having the binding functional group,
so that dispersion stability thereof does not
basically vary depending on the above described
pre—-treatment for the oxide particles. When the oxide
particle is once protected by the polyvinyl
monomolecular film having the binding functional group,
it is easy to achieve solvent replacement by another
desired organic dispersion medium.

An amount of the monomer required for forming
a stable organic surface layer changes depending on
the particle size of the oxide particles, so that a
weight ratio of (vinyl monomer)/(oxide particles) ﬁay
appropriately be adjusted depending on the kind of the
monomer and the particle size. It is ordinarily
preferable that thé weight ratio of (vinyl
monomer) / (oxide particles) is set in a range of 1/10

to 10/1.
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The nano-oxide particles of the present
invention can be introduced into a desired organic’
optical matrix. The organic optical matrix is not
particularly limited so long as it is transparent but
may be a thermoplastic resin material or a
thermosetting resin material. Examples of the
thermoplastic resin material may suitably include
styrene-based resin, acrylic resin, aromatic
polycarbonate resin, and amorphous polyolefin resin.
Examples of the thermosetting resin material may
include polyurethane, polythiourethane, and
polysiloxane.

As a method of introducing the nano-oxide
particles into the resin material, formation of a
composite material between the nano-oxide particles
and the resin material is performed through an
appropriate liquid state depending on a characteristic
of the resin material. For example, with respect to a
resin material soluble in the organic solvent, the
resin material is dissolved in the organic solvent in
advance and mixed with a dispersion solutién of the
nano-oxide particles to prepare a uniform dispersion
solution. Thereafter, the organic solvent is.removed
from the dispersion solution to obtain a resin
material in which the nano-oxide particles are
dispersed. Further, it is also possible to employ a

method in which a resin material is dissolved in the



WO 2008/026774

10

15

20

25

PCT/JP2007/067350

23

dispersion solution of the nano-oxide paiticles
containing a solvent in which the resin material is
soluble and thereafter the solvent is removed. Further,
it is also possible to obtain a resin material, in
which the nano-oxide particles are dispersed, by
introducing the nano-oxide particles into a monomer
for forming the resin material and then polymerizing
the monomer. As necessary) it is also possible to
carry out the polymerization by using the resin
material-forming monomer, an oligomer having a
polymerizable functional group, or two or more species
of polymerizable oligomers as starting materials fof
the resin material. In the case of forming a composite
material of the nano-oxide particles with the
thermoplastic resin material, the nano-oxide particles
have high dispersibility and interaction of the
nano-oxide particles with the resin matrix is
minimized, so that it is possible to apply a
conventional molding method utilizing thermoplasticity.
In this case, the resultant composite material shows
high transparency since the surface organic layer is
not detached from the oxide partiéle keeping the
dispersibility of the particles at a high level. As
the thermoplastic resin material, acrylic resin and
aromatic polycarbonate resin are particularly
preferred.

The above described transparent optical resin
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material in which the nano-oxide particles are
dispersed is applicable to an optical material such as
a lens. Figure 2 shows a lens prepared by molding the
transparent optical resin material in which the
5 nano-oxide particles of the pfesent invention are
dispersed. By dispersing the nano-oxide particles of
the present invention, it is possible to obtain a lens
having transparency and high refractive index.
Hereinbelow, the present invention will be
10 described more specifically based on Examples. In the
following Examples, "%" represents "wt. % (% by
weight)".
(Example 1)
A mixture solution was prepared by mixing 40 g
15 of aqueous TiOp dispersed sol (solid content: 6 %,
average particle size: 5 nm) and 60 g of 1 %-aqueous
solution of phosphate represented by the following

formula (10):

Ii
cﬁzmé O
Owcmom(mrcﬁzmo—-ﬂ%wﬂﬁ (10)
OH

20

The mixture solution was placed in a flask and
solvent substitution with propanol was performed under
heating. At a time when a total amount of the

dispersion solution was 110 g and a concentration of
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propanol in the solvent reached about 50 % (about 97 %
of the dispersion medium), 0.01 g of potassium
persulfate (KpSpOg) was added as a polymerization
initiator. After the resultant mixture was polymerized

5 for 10 hours at 50 °C, the polymerization mixture was
cooled and added in a hollow membrane, which was
externally washed sufficiently with a 50 %-aqueous
propanol solution to remove unnecessary components.
While heating the hollow membrane, the solvent was

10 substituted with methyl ethyl ketone (MEK). Finally,

concentration was performed to obtain about 50 g of

nano-titanium oxide fine particles (solid content:

about 6.5 %) which were surface-protected with a

monomolecular film.

15 Into 10 g of a 2 %-polymethyl methacrylate

(PMMA) solution in MEK, 10 g of the above obtained sol

of nano-titanium oxide fine particles was added and

stirred for 2 hours. Thereafter, the mixture was

placed in a glass mold which had been subjected to

20 water-repellent treatment and dried for 48 hours at

80 °C to obtain a transparent composife film

containing the nano-titanium oxide fine particles.

When refractive index of the thus obtained composite

film was measured by Abbe refractometer, the

25 refractive index was 1.77.

(Example 2)

A mixture solution was prepared by mixing 20 g
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of aqueous SnOp dispersed sol (solid content: 10 %,

average particle size: 2 nm), 25 g of 4 %$-aqueous
solution of phosphate represented by formula (11)

shown below, and 25 g of 1 %$-methacrylic acid

solution:
CH;
CHgme} | Q
=t —0—¢ Hgmcﬁzmaﬂ%]’*ﬂ—ﬂﬁ (1)

OH

The mixture solution was placed in a flask and
solvent substitution with propanol was performed under
heating. At a time when a total amount of the
dispersion solution was 95 g and a concentration of
bropanol in the solvent reached about 50 % (about 96 %
of the dispersion medium), 0.01 g of potassium
persulfate (KpS90g) was added as a polymerization
initiator. After the resultant mixture was polymerized
for 10 hours at 50 °C,'the polymerization mixture was
cooled and added in a hollow membrane, which was
externally washed sufficiently with a 50 %$-aqueous
propanol solution to remove unnecessary components.
While heating the hollow membrane, the solvent was
substituted with MEK. Finally, concentration was
performed to obtain about 60 g of nano-tin oxide fine
particles (solid content: about 4.5 %) which were
surface-protected with a monomolecular film.

Into 30 g of a 2 %-PMMA solution in MEK, 20 g
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of the above obtained sol of nano-tin oxide fine
particles was added and stirred for 2 hours.
Thereafter, the mixture was placed in a glass mold
which had been subjected to watér—repellent treatment
and dried for 48 hours at 80 °C to obtain a composite
film containing the nano-tin oxide fine particles. The
thus obtained composite film was transparent. When a
refractive index of the composite film was measured by
BAbbe refractometer, the refractive index was 1.57.
(Example 3)

A mixture solution was prepared by mixing 20 g

of aqueous Zr0Op dispersed sol (solid content: 10 %,

Q

average particle size: 5 nm) and 50 g of 1 %-agueous
solution of phosphate represented by the following

formula (12):
H

|
CHQ"’—"G
L | I .
0=C—0—cC Hg’-CHg—GWi? —OH (12)
OH

The mixture solution was placed in a flask and
solvent substitution with propanol was performed under
heating. At a time when a total amount of the
dispersion solution was 80 g and a concentration of
propanol in the solvent reached about 50 % (about 96 %

of the dispersion medium), 0.3 g of methyl

methacrylate (monomer) was added and stirred for 5
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hours. Thereafter, to the mixture, 0.01 g of potassium
persulfate (KpSp0g) was added as a polymerization
initiator. After the resultant mixture was polymerized
for 10 hours at 50 °C, the polymerization mixture was
cooled and added in a hollow membrane, which was
externally washed sufficiently with a 50 %-aqueous
propanol solution to remove unnecessary components.
While heating the hollow membrane, the solvent was
substituted with MEK. Finall?, concentration was
performed to obtain about 50 g of nano-zirconium oxide
fine particles (solid content: about 5.5 %) which were
surface-protected with a monomolecular film.

Into 10 g of a 2 %-PMMA solution in MEK, 10 g
of the above obtained sol of nano-zirconium oxide fine
particles was added and stirred for 2 hours.
Thereafter, the mixture was placed in a glass mold
which had been subjected to water-repellent treatment
and dried for 48 hours at 80 °C to obtain a
transparent composite film containing the
nano-zirconium oxide fine particles. When a refractive
index of the thus obtained composite film was measured
by Abbe refractdmeter, the refractive index was 1.65.
(Example 4)

A mixture solution was prepared by mixing 20 g
of aqueous ALOOH dispersed sol (solid content: 20 %,
average particle size: 5 nm) and 10 g of 1 %-aqueous

solution of phosphate represented by the following
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i
o=, i
Gv——-fcme»——cHZ-CHrG«r—f;MDH (13)
OH

10

15

20

The mixture solution was placed in a flask and
solvent substitution with propanol was performed under
heating. At a time when a total amount of the
dispersion solution was about 125 g and a
concentration of propanol in the solvent reached about
50 % (about 96 % of the dispersion medium), 0.5 g of
methyl methacrylate (monomer) was added and stirred
for 5 hours. Thereafter, to the mixture, 0.01 g of
potassium persulfate (K»S»Og) was added as a
polymerization initiator. After the resultant mixture
was polymerized for 10 hours at 50 °C, the
polymerization mixture was cooled and added in a
hollow membrane, which was externally washed
sufficiently with a 50 %-aqueous propanol solution to
remove unnecessary components. While 5eating the
hollow membrane, the solvent was substituted with MEK.
Finally, concentration was performed to obtain about
100 g of nano-aluminum oxide fine particles (solid
content: about 5.5 %) which were surface-protected
with a monomélecular film.

Into 10 g of a 2 %-PMMA solution in MEK, 10 g

of the above obtained sol of nano-aluminum oxide fine
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particles was added and stirred for 2 hours.
Thereafter, the mixture was placed in a glass mold
which had been subjected to water-repellent treatment
and dried for 48 hours at 80 °C to obtain a
transparent composite film containing the
nano-zirconium oxide fine particles. When a refractive
index of the thus obtained composite film was measured
by Abbe refractometer, the refractive index was 1.52.
Further, when the composite film was observed through
a transmission electron microscope (TEM), it was
confirmed that the particles were uniformly dispersed.
(Comparative Example)

‘Solvent substitution with propanol was
performed while heating 20 g of aqueous TiOp dispersed
sol (solid content: 6 %, average particle size: 5 nm).
The solvent substitution was continued until a
concegtration of propanol in the solvent reached about

50

oo

Into 10 g of 2 %$-PMMA solution in MEK, when 10
g of the above obtained sol of nano-titanium oxide
fine particles was added, the dispersion solution
became white and turbid. After the dispersion solution
was stirred for 2 hours, the dispersion solution was
placed in a glass mold which had been subjected to
water-repellent treatment and dried for 48 hours at

o}

80 "C. As a result, an opaque composite film was

obtained.
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[INDUSTRIAL APPLICABILITY]

The nano-oxide particles of the present
invention coated with the polyvinyl monomolecular film
having the binding functional group, exhibit high
dispersibility and can be dispersed at a high
concentration in an optical resin material, a
polymerizable monomer for an optical material, or a
curable oligomer for the optical material. As a ;esult,
it is possible to realize an optical material or an
optical lens which have a high refractive index and
excellent transparency. It is also possible to realize
a high-strength composite material containing
nano-oxide particles dispersed therein.

While the invention has been described with
reference to the structures disclosed herein, it is
not confined to the details set forth and this
application is intended to cover such modifications or
changes as may come within the purpose of the

improvements or the scope of the following claims.
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CLAIMS

1. Nano-oxide particles comprising particles each
surface of which 1s coated with a polyvinyl

5 monomolecular film having a binding functional group.

2. Particles according to Claim 1, wherein the
polyvinyl monomolecular film having the binding
functional group is polyacrylic polyvinyl

10 monomolecular film having a binding functional group.

3. Particles according to Claim 1 or 2, where the
binding functional group is selected from the group
consisting of thiol group, carboxyl group, sulfonic

15 group, and phosphoric group.

4. Particles according to any one of Claims 1 - 3,:
wherein the polyvinyl monomolecular film having the
binding functional group is formed by polymerizing an

20 acrylic monomer having a binding functional group

represented by the following formula (1):

Ry
CHy=C Ro o)
C=C—0—{CH,-C—0 OH

‘Pm-——"

H

n OH

wherein Rj is hydrogen atom or methyl group; Rp is

alkyl group, halogen atom, or hydrogen atom; and n is
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an integer of 1 or more.

5. Particles according to any one of Claims 1 - 4,
wherein the nano-oxide particles have a particle size

of 1 nm or more and 30 nm or less.

6. Particles according to any one of Claims 1 - 5,
wherein the nano-oxide particles are particles of an
oxide selected from the group consisting of aluminum
oxide, titanium oxide, niobium oxide, tin oxide,
indium oxide, zirconium oxide, lanthanum oxide,
cadmium oxide, hafnium oxide, erbium oxide, neodymium:
oxide, cerium oxide, dysprosium oxide, and a mixed

oxide of these oxides.

7. A production process of surface-protected
nano-oxide particles, comprising:
polymerizing a vinyl monomer having a binding
functional groﬁp in a solution containing nano-oxide
particles, the vinyl monomer having the binding
functional group, and a dispersion medium,
wherein the dispersion medium is contained in

the solution in an amount of 70 wt. % or more.

8. A process according to Claim 7, wherein the
vinyl monomer having the binding functional group is

acrylic monomer having a binding functional group.
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9. A process according to Claim 7 or 8, where the
binding functional group is selected from the group
consisting of thiol group, carboxyl group, sulfonic

group, and phosphoric group.

10. A process according to any one of Claims
7 - 9, wherein the vinyl monomer having the binding
functional group is an acrylic monomer having a
binding functional group represented by the following

formula (2):

s
CHQWC R4 o
—¢odon,-b—ot A @
O=C—0—CH,-C—0 OH

H  /m OH

wherein R3 is hydrogen atom or methyl group; Rg is
alkyl group, halogen atom, or hydrogen atom; and m is

an integer of 1 or more.

11. A process according to any one of Claims
7 - 10, wherein the nano-oxide particles are obtained

by hydrothermal synthesis.
12. A process according to any one of Claims
7 - 11, wherein the nano-oxide particles have a

particle size of 1 nm or more and 30 nm or less.

13. A process according to any one of Claims
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7 - 12, wherein the nano-oxide particles are particles
of an oxide selected from the grbup consisting of
aluminum oxide, titanium oxide, niobium oxide, tin

oxide, indium oxide, zirconium oxide, lanthanum oxide,

- cadmium oxide, hafnium oxide, erbium oxide, neodymium

oxide, cerium oxide, dysprosium oxide, and a mixed

oxide of these oxides.

14. A transparent optical resin material
comprising:
a resin material; and
nano-oxide particles according to any one of

Claims 1 - 7 dispersed in the resin material.

15. A lens comprising:
a transparent optical resin material,

according to Claim 14, which has been molded.
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