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SPECIFICATION

POROUS METAL OXIDE PARTICLES, PRODUCTION METHOD THEEOF AND

APPLICATION THEREOF

FIELD OF THE INVENTION
[0001]

Thepresentinventionrelatestoporousmetaloxid
amethodofproducingporousmetaloxideparticles
thereof.

BACKGROUND
[0002]

Inrecentyears, porous metal oxide materials are
materials that can be newly applicable to optical m
low-dielectric constant materials, thermal insulati
medicines(DDS:drugdeliverysystem), molecularpr
adsorbentmaterials,sensors,paints,inksandthe
it is thought that good insulation effect is obtain
the resinfilm or painta porous material having ai
as afiller, or in particular adding a porous mater
thatis smallerthan mean free path of airin atmos
namelysmallerthan 68 nm, forthe purpose ofimpro
insulation performance.

[0003]

PatentDocumentldescribesamethodofproducing

oxide particles using micelles of a surfactant as a

alsodescribesthatporousmetaloxideparticlesha

eparticles,

andanapplication

expectedas
aterials,
on materials,
obes, catalysts,
like. Forexample,
ed by adding in
rlayerstherein
ial having pore
pheric pressure,

vementofthermal

porousmetal
template, and

vingparticlesize
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of 20 to 200 nm, containing mesopores having pore s
nm are obtained.

Patent Document 2 describes a method for synthesiz
mesoporous metal oxide having three-dimensional cub
structure using micelles of a surfactant as a templ
describes that a mesoporous metal oxide having mean
nm is obtained (Example 2 and Fig. 6).

PatentDocument3describesamethodofproducing
oxide material by using water-insoluble polymer par
describesthataporousmetaloxidematerial,inwh
cubic phase and the pore size is substantially unif
range offrom5to30nm,isobtained. Further,th
anexampleofproducingporousparticleshavingpar
1t0 10
[0004]

In addition, the following applications are consid
[0005]

An image display surface of an image display devic
aliquidcrystaldisplay,aCRTdisplay aprojecti
display,anelectroluminescencedisplay,areflecti
like is required to have scratch resistance, so as
at the time of handling.

[0006]

In such situation, a general practice is that a ha
film is installed on a display surface of the image
to improve the scratch resistance thereof.

[0007]

um by spray-dry process (Example al2 and the like).

ize of 1to 10

ing a
ic phase
ate, and also

pore size of 5

aporousmetal
ticles,andalso
ichmesoporesform
orm within the
isalsodescribes

ticlesizeoffrom

ered.

e such as

ondisplay,aplasma

onscreenandthe

to avoid damage

rd coating

display device
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Thehardcoatinglayerisformedbyusingahardc
which is cured by an activation energy derived from
electronbeamandthelikeorbyheat,andsuchhar
is generally composed of binder components and fine
particles having higher hardness (see Patent Docume
[0008]

Inaddition,itisrequiredtoreducereflectiono
by an external light source such as fluorescent lam
for the above described displays and the like, in o
thevisibilityofthedisplaysurface. Apossible
the reflection of the extraneous light is an adjust
refractive index ofthe hard coating layer. Simply
index of the hard coating layer is lowered as compa
refractiveindexofthedisplaysurface oftheimag
Alternatively, anapproachforlowering the refract
surface part of the hard coating layer as compared
hard coat layer may be used. Alternatively, there
approach, which is providing coat layers from the s
coating layer, the former having higher refractive
latter having lower refractive index of which thick
refractive index are suitably adjusted on the basis
calculationsinrelationtotherefractiveindexof
layer.
[0009]

One can think of a method of using a fluorine-base
material having low refractive index as a method fo

refractive index ofthe hard coating layer, however

oatingmaterial,
ultraviolet,
dcoatingmaterial
inorganic

nt 4).

flightcaused
p and the like
rder to enhance
approachtoreduce
ment of the
,therefractive
red with the
edisplaydevice.
iveindexofthe
with that of the
may be another
ide of the hard
index and the
ness and
of optical

thehardcoating

d coating
r reducing the

,suchmethodis
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not satisfactory interms of the curability. One c
amethodofaddinginorganicparticleshavinglower

into a binder component as another approach. Examp
inorganic particles having low refractive index inc
particles and particles of fluoride such as magnesi
lithium fluoride, aluminum fluoride, calcium fluori
fluorideandthelike;however,sincetherefractiv

is about 1.44, which is not very low, the effect of

is small. Although the fluoride particles provide
index, itis difficultto stably obtain fine partic
particlesize. PatentDocument5describesametho
silica particles as the inorganic particles having
index. Byhavingairlayersthathavealowrefrac
theparticles,hollowsilicaparticlesachievealo

as particles. Patent Document 6 describes a method

hollowsilicaparticlesbyutilizingcalciumcarbon

RELATED DOCUMENTS
PATENT DOCUMENTS
[0010]

[Patent Document 1]

Japanese Laid-Open Patent Publication No. 2008-2801

[Patent Document 2]

Japanese Laid-Open Patent Publication No. 2003-3355

[Patent Document 3]
WO 2010/103856 pamphlet

[Patent Document 4]

an alsothink of
refractiveindex
les of the
lude silica
um fluoride,
de, sodium
eindexofsilica
adding thereof
low refractive
les having small
dofusinghollow
low refractive
tiveindexinside
wrefractiveindex
of producing

ateasatemplate.

93

06
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Japanese Laid-Open Patent Publication No. 2008-1650
[Patent Document 5]

WO 2007/060884 pamphlet

[Patent Document 6]

Japanese Laid-Open Patent Publication No. 2005-2635

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0011]

However, the technologies described in the above P
Documents 1 to 3 have problems as described below.
PatentDocument 1is unsuitable foradsorptionand
functional molecule having relatively larger molecu
themesoporesizeoftheobtainedporousmetaloxid
iIsupto 10 nmatamaximum. Also, a proportion of
particlecannotbefreelychanged,andthusitisd
respective characteristics such as optical characte
dielectric constant characteristics, heat insulatin
characteristicsandthelike. Further,sincethep
particles have mesopores of cylindrical (hexagonal)
thicknesses of walls between the respective mesopor
asawhole,incomparisonwiththatofthree-dimens
structure, leading to insufficient mechanical stren
possibly results in collapse of the mesopore struct
thereofforthepaintsandthelike. Further,when
oftheporousmetaloxideparticlesarelargerand

arenothomogeneous,ormorespecificallyforexamp

40

50

atent
The method of
incorporation of
lar size, since
e(silica)particle
mesoporesinone
ifficulttochange
ristic,
g
orousmetaloxide
structure,
es are thinner
ionalcubicphase
gth. This
ure in the use
theparticlesizes
theparticlesizes

le,whensuchtype
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of particles having mean patrticle size equal to or
nm(0.1 pm)aremixedinaresin,theresultantproducteasi
opaque, and thus is not preferable for optical appl

[0012]

The method of Patent Document 2 is also unsuitable

adsorption and the incorporation of functional mole
relativelylargermolecularsizesimilarlyasinth
1,andfurther,sinceaproportionofmesoporesin
be freely changed in the method, it is difficult to
respective characteristics such as optical characte
dielectric constant characteristics, heat insulatin
characteristicsandthe like. Inadditiontoallt
Document 2 does not describe any methods for produc
composed of a porous metal oxide material.
WhilePatentDocument3describesporousmetaloxi
in which mesopores create cubic phase and the pore
substantially homogeneous within the range of from
does notdescribe particles havingasmaller meanp
beinghomogeneousinparticlesize. Also,hollowp
by a method of Patent Document 6 utilize calcium ca
template, and thus it is considered that controls o
size and the hollow structure inside the particle a
[0013]
Therefore, it is desirable to develop porous metal
particlesandtoestablishamanufacturingmethodo
in which the particles have mesopores equal to or |

insizeandtheporestructurethereofisanordere

larger than 100

lybecomes

ications.

for the
cules having
ePatentDocument
oneparticlecannot
change the
ristic,
g
he above, Patent

ing particles

departicles,
size is
5t0 30 nm, it
articlesizeand
articlesobtained
rbonate as a
f the particle

re difficult.

oxide
fthoseparticles,
arger than 5 nm

dthree-dimensional
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cubic phase structure and further in which the mean
issmallerthan that ofthe conventional particles
sizes are homogeneous. However, a sufficiently sat

production method has not yet been developed.

SOLUTION TO PROBLEM
[0014]

Thepresentinventionismadeinviewoftheprobl
above, and is to provide porous metal oxide particl
ofproducingthereof,inwhichameanpatrticle size
Isin arange equal to or larger than 50 nm and equ
than 300 nmandthe particle sizesare homogeneous,
particles have mesopores with pore sizes equal to o
nm and equal to or smaller than 30 nm, and pore str
is an ordered three-dimensional cubic phase structu

[0015]

More specifically, the present invention can be de

follows.

[1] Porous metal oxide particles,

the 50 % mean particle size by volume thereof bein

or larger than 50 nm and equal to or smaller than 3

the ratio of 90 % mean particle size by volume to

particle size by volume (D90/D50) being equal to or

the particles having mesopores having a pore size

by BJH method equal to or larger than 5 nm and equa

than 30 nm, and

the structure of the pores being a three-dimension

particle size
andthe particle

isfactory

emsdescribed

es and a method

oftheparticles

alto or smaller
andinwhichthe
rlargerthan 5

ucture thereof

re.
scribed as
g equal to
00 nm,
50 % mean

lowerthan 2.0,
determined

| to or smaller

al cubic
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phase structure.
[0016]
[2] The porous metal oxide particles as described
whereinthe 50% mean particle size by volumether
to or larger than 50 nm and equal to or smaller tha
the ratio of 90 % mean particle size by volume to
particle size by volume (D90/D50) is equal to or lo
the particles have mesopores havingapore sizede
BJH method equalto orlargerthan5nmandequalt
30 nm, and
the structure ofthe poresisathree-dimensional
structure.
[0017]
[8] Amethod of producing the porous metal oxide p
as described in [1] or [2], comprising:
astepofobtainingamixturecomprisingwaterand
solvent miscible or partially miscible with water,
polymer particles having 50 % mean particle size by
or larger than 5 nm and equal to or smaller than 30
catalyst;
astepofobtaining organicandinorganic composit
by mixing a metal oxide precursorto the aforementi
carrying out a sol-gel reaction of the metal oxide
astepofremovingthe water-insoluble polymer par
the organic and inorganic composite particles.
[0018]

[4] Themethodofproducingtheporousmetaloxide

in 1],
eofisequal
n 100 nm,
50 % mean
wer than 1.5,
termined by

oorsmallerthan

cubicphase

articles

/oranorganic
water-insoluble
volume equalto

nm, and a base

eparticles
oned mixture and
precursor; and

ticlesfrom

particles
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as described in [3],

wherein the water-insoluble polymer particles are particles
composed of a terminal branched polyolefin based co polymer
represented by the following generalformula (1), a nd having number
average molecular weight equal to or lower than 2.5 x10 *

R! R?2

X1—C—CH—X?
(1)

A

(Intheformula, Arepresents polyolefinchain. R landR Zrepresent
hydrogenatomoralkylgrouphaving1to18carbon atomsandatleast
one thereof is hydrogen atom. X Land X 2, which may be the same or
different groups, represent a group having straight or branched

polyalkylene glycol group.)
[0019]
[5] Themethodofproducingtheporousmetaloxide particles
as described in [4],
wherein X ' and X 2 of the terminal branched polyolefin based
copolymer represented by the general formula (1) ar e the same or

different groups, and are represented by general fo rmula (2)

E—X° (2)

(Intheformula,Erepresentsoxygenatomorsulfur atom, X ‘represents
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polyalkylene glycol group or group represented by g eneral formula

(3):
—R’—(G)n (3)

(Intheformula,R 3representsm+1valenthydrocarbongroup. G,which

is the same or different groups, represents a group represented by
-OX%or-NX °X®(X “to X °represent a polyalkylene glycol group.). m

represents a number of bonds of R 3 with G and is an integer of from

1to0 10.))

or are represented by general formula (4).

.
[TI X (4)

X8

(In the formula, X "and X 8, which are the same or different groups,

represent a polyalkylene glycol group or group repr esented by the
above-described general formula (3).)
[0020]

[6] Themethodofproducingtheporousmetaloxide particles
as described in [4] or [5],

wherein the terminal branched polyolefin based cop olymer is
representedbythefollowinggeneralformula(la)o rgeneralformula

(1b).
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L,
N

(la)
(Intheformula,R “andR °representhydrogenatomoralkylgrouphaving
1to 18 carbon atoms and at least one thereof is hy drogen atom. R
andR ’ represent hydrogen atom or methyl group wherein at leastone
thereofishydrogenatom,R 8andR °representhydrogenatomormethyl
group and atleast one thereofis hydrogen atom. | +mrepresents an
integers equaltoorlargerthan 2 and equaltoor smallerthan450.
n represents an integer equal to or larger than 20 and equal to or

smaller than 300.)

/\/V\f
?vw R

(Intheformula,R “andR °representhydrogenatomoralkylgrouphaving

1to 18 carbon atoms and at least one thereof is hy drogen atom. R
andR “representhydrogenatomormethylgroupandatlea stonethereof
is hydrogen atom, R 8andR °represent hydrogen atom or methyl group
andatleastonethereofishydrogenatom,R YandrR representhydrogen

atomormethylgroupandatleastonethereofishy drogenatom. [+m+o
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representsanintegerequaltoorlargerthan3and
than 450. n represents an integer equal to or larg
equal to or smaller than 300.)
[0021]

[7] Themethodofproducingtheporousmetaloxide
as described in any one of [3] to [6],

wherein the step of obtaining a mixture comprises
mixing the water and/or the organic solvent capable
apartorallofwater waterdispersionofthewat
particles and the base catalyst.
[0022]

[8] Themethodofproducingtheporousmetaloxide
as described in any one of [3] to [7],

wherein the aforementioned metal oxide precursor i
a condition of being preliminarily diluted with an
miscible or partially miscible with water in the st
the organic and inorganic composite particles.

[0023]

[9] A-resin composition comprising the porous meta

particles as described in [1] or [2] and a binder r
[0024]

[10] A film comprising the porous metal oxide part
described in [1] or [2].
[0025]

[11] A paintcomprising the porous metal oxide par
described in [1] or [2].
[0026]

equaltoorsmaller

er than 20 and

particles

a step of

of dissolving

er-insolublepolymer

particles

smixedin

organic solvent

ep of obtaining

| oxide

esin.

icles as

ticles as
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[12] A thermal insulation material comprising the
metal oxide particles as described in [1] or [2].
[0027]

[13] Alowdielectricconstantmaterialcomprising
metal oxide particles as described in [1] or [2].

[0028]

[14] Anink comprising the porous metal oxide part

described in [1] or [2].
[0029]
[15] Amedicinalagentadaptingadrugdeliverysy
comprising the porous metal oxide particles as desc
[2], wherein a drug is contained within the mesopor

[0030]

[16] A coating material containing a component (A)

component (B):
(A)the metal oxide porous particlesas describedi
(B) a curable functional group-containing compound.
[0031]
[17] The coating material as described in [16],
whereinthecomponent(B)isanactivatedenergyb
functional group-containing compound or athermoset
group-containing silicon compound.
[0032]
[18] The coating material as described in [16] or
wherein ratio of the component (A) to 100 parts by
thecomponents(A)and(B)intotalisequaltoor

by weight and equal to or lower than 60 parts by we

porous

theporous

icles as

stem(DDS)
ribed in[1] or

€s.

and a

n[1]or[2];and

eam-curable

ting functional

[17],
weight of
higherthan1 part
ight.
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[0033]

[19] A coating film obtained by curing the coating
as described in any one of [16] to [18].
[0034]

[20] Afilmcomprisingthe coatingfilmasdescrib
in a surface section thereof.
[0035]

[21] Alenscomprisingthe coatingfilmasdescrib
in a surface section thereof.
[0036]

[22] Animage display device comprising the coatin

described in [19] on the surface thereof.

EFFECT OF THE INVENTION
[0037]

The porous metal oxide particle of the presentinv
be used for various types of applications because o
mean particle size and homogeneous particle sizes,
effectively produce desired characteristics. For e
porous metal oxide particles ofthe presentinventi
uniformlydispersedtoabinderresintoprovidea
having higher transparency.

Further, the metal oxide porous patrticles of the p
invention have larger pore size of the mesopores as
thatoftheconventionalparticles,sothatlarger
in the inside of the particles. Thus, the particle

adsorption property, can include desired substances

material

edin[19]

edin[19]

gfiimas

ention can
ftheir smaller
and can
xample, the
oncanbe easily

resincomposition

resent
compared with
voidsarecontained
s have enhanced

in the pores.
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Also,theparticles,whichcontainlargerairlaye
particles,cancontributetoimprovementsinthech
as light weighting, thermal insulating properties,
index,lowdielectricconstantandthelike. Since
oxideparticlesofthepresentinventionpossessth
characteristics, these can be employed for various
applications.
Also, the method of producing the porous metal oxid
thepresentinventionhasenhancedflexibilityint
and proportion of mesopores (porosity) existingin
be freely changed, so that the porous metal oxide p

present invention can be obtained with improved eff

BRIEF DESCRIPTION OF THE DRAWINGS
[0038]

Theaboveandotherobjectives,advantagesandfea
present invention will be more apparent from the fo
description of certain preferred embodiments taken
with the accompanying drawings.

[0039]

Fig. 1 is a schematic cross-sectional view, illust
porous metal oxide particle according to First Embo

Fig. 2 is a schematic cross-sectional view, illust
organic and inorganic composite particle in First E

Fig. 3 is a transmission electron microscope (TEM)
porous silica particles obtained in Example ab.

Fig.4isaTEMimageofsilicaparticlesobtained

rwithinthe
aracteristicssuch
low refractive
theporousmetal
eabove-described

types of

e particles of

heparticledesign,

one particle can
articles of the

iciency.

turesofthe
llowing

in conjunction

rating a
diment.
rating the
mbodiment.

image of

inReference
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Example al.

Fig. 5is a TEM image of porous silica particles o
Comparative Example a2.

Fig. 6is a TEM image of porous silica particles o
Comparative Example a3.

Fig. 7 is a TEM image of porous silica particles i
alo.

Fig. 8 is TEM image (magnified) of porous silica p
obtained in Example al0.

Fig.9(a)isagraph,illustratingvaluesofBJHp
radius)ofaporoussilicaparticleobtainedinExa
by Barrett, Joyner and Halenda (BJH) method from an
isothermal curve of nitrogen adsorption, and Fig. 9
illustrating values of connecting pores (rp: radius

mesopores presented by BJHmethodfromdesorptioni

DESCRIPTION OF EMBODIMENTS
[0040]
Porousmetaloxideparticlesofthepresentinvent
of producingthereof, and applications thereofwill
the basis of First embodiment and Second Embodiment
[0041]
<First Embodiment>
Porous Metal oxide particles according to the pres
embodimenthave 50 % mean particle size by volume e
than 50 nm and equal to or smallerthan 300 nm, ar

particlesizebyvolumeto50%meanparticlesize

btained in

btained in

n Example

articles

oresize(rp:
mplealOpresented
adsorption
(b) isagraph,
) between

sothermalcurve.

ion,methods
bedescribedon

as follows.

ent
gualtoorlarger
atioof90% mean

byvolume(D90/D50)
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equal to or lower than 2.0, mesopores having pore s
byBarrett-Joyner-Halendamethod(BJHmethod)equal
5 nm and equal to or smaller than 30 nm, and the po

three-dimensional cubic phase structure.

The present embodiment will be described in refere

drawingswhen appropriate. Inalldrawings, anide
assigned to an identical composing element, and the
description thereof will be omitted when appropriat
[0042]
<Porous Metal Oxide Particles>
Theporousmetaloxideparticlesofthe presentem
so-calledmonodisperseparticles,substantiallyhom
and high in dispersibility. ~ AsshowninFig. 1, the
oxideparticlehassubstantiallyhomogeneousmesopo
thereof,andthemesoporesconstituteathree-dimen
structure,andthesemesoporesareconnectedtoeac
mean particle size by volume of the porous metal ox
the present embodiment is equal to or larger than 5
to or smaller than 300 nm by the external size, and
eqgual to or larger than 50 nm and equal to or small
and is more preferably equal to or larger than 60 n
or smaller than 90 nm. The particle sizes within t
easyproductionoftheparticles,andthussuchpar
forvarioustypesofapplications, inwhichdesired
can be effectively produced. For example, when the
aresincompositionaswillbediscussedlater,the

dispersed in the binder resin to obtain a resin com

ize determined
toorlargerthan

re having

nce to
ntical symbolis
detailed

e.

bodimentare
ogeneousinsize
porous metal
resintheinside
sionalcubicphase
hother. The50%
ide particles of
0 nm and equal
is preferably
er than 100 nm,
m and equal to
his range allow
ticlescanbeused
characteristics
se are used as
secanbeuniformly

position having
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enhanced transparency.
[0043]

Also, in the porous metal oxide particles of the p
embodiment, the ratio of 90 % mean particle size by
meanpatrticlesizebyvolume(D90/D50)isequalto
andis preferablyequaltoorlowerthan1.5,andi
equaltoorhigherthanl.0andequaltoorlowert
withinthisrange can provide anarrower particle s
with reduced number of coarse patrticles, resulting
handlingabilityandeffectiveexpressionofdesire
Forexample, when such particles are used as aresi
will be discussed later, such useis preferablein
dispersibility inthe binderresinandtransparency
resin.

[0044]

Also, the porous metal oxide particles of the pres
embodiment have mesopores, in which the BJH pore si
orlargerthan5Snmandequatltoorsmallerthan30
eqgual to or larger than 10 nm and equal to or small
The pore structure thereof is an ordered three-dime
phase structure. The porous metal oxide particles
embodimentareeasilydisperseduniformlyinafilm
of the monodispersibility of the particles, and exh
transparencyduetotheirsmallerexternalsize. S
having the BJH pore size equal to or larger than 5
orsmallerthan 30 nmare contained, and the pore s

isconfiguredofanorderedthree-dimensionalcubic

resent
volume to 50 %
orlowerthan2.0,
smore preferably
hanl.4. Theratios
ize distribution
in an enhanced
dcharacteristics.
ncompositionas
terms of uniform

ofthe obtained

ent
ze is equal to
nm,andispreferably
er than 25 nm.
nsional cubic
of the present
orpaintbecause
ibit enhanced
incethemesopores
nm and equal to
tructure thereof

phasestructure,
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large voids are contained within the particles. Th
adsorption property can be expected. Also, since |
are contained within the particles, characteristics
light-weight, thermalinsulating properties, lowre
low dielectric constant and the like can be expecte

The specific surface area ofthe porous metal oxid
of the present embodiment is preferably equal to or
nf/g, and is more preferably equal to or larger than
is particularly preferably equal to or larger than

Also,intermsofthermalconductivity,itismore
ifthereisnoanisotropyderivedfromtheirshape,
to have a spherical shape and contain homogenous me
[0045]

The external size of the porous metal oxide partic
confirmed from a sample dispersed in water with a p
distribution measurement apparatus according to dyn
scattering(DLS). Thesizeofthemesoporecanbe
photographs of TEM, or alternatively can be calcula
method from adsorption isothermal curves of the nit
adsorption method. Alternatively, the sizes of the
connecting through the mesopores can be calculated
from desorption isothermal curves of the nitrogen g
method. In general, it can be evaluated that the s
a three-dimensional cubic phase structure if the pe
desorptionisdifferentfromthatoftheadsorption
hand,itcanbe evaluatedthatthe structureisin

cylinder structure if these peaks are in substantia

erefore, a high
arge air layers
such as
fractiveindex,
d.
eparticles
larger than 80
100 m %/g, and
150 m %/g.
advantageous
itispreferable

sopores.

le can be
article size
amic light
observedfromimage
ted viathe BJH
rogen gas
apertures
via BJH method
as adsorption
tructure is in
ak of the
,andontheother
atwo-dimensional

lly the same
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position.
[0046]

In the present embodiment, examples of the metal i
only the typical metal materials butalsoinclude s
silicon(Si). Themetaloxideofthepresentembod
an oxide of a metal selected from silicon (Si), alu
(Zn),zirconium(Zr),indium(In) tin(Sn) titani
hafnium (Hf), cobalt (Co), lithium (Li), barium (Ba
manganese (Mn), and in terms of the fact thatthe r
and the thermal conductivity of the material itself
low among metal oxides, silicon oxide (silica) is p

preferable.

Also, the metal oxide may be a composite oxide con

multiple metals.
[0047]

<Method of Producing Porous Metal Oxide Particles>

The method of producing the porous metal oxide par

the present embodiment comprises:

a step (1) of obtaining organic and inorganic comp
particles by a sol-gel reaction of a metal oxide pr
presence of a water-insoluble polymer particles tha
being dispersed in a water-based medium; and

a step (2) of removing the aforementioned water-in
polymer particles from the aforementioned organic a
composite particles to obtain porous metal oxide pa
[0048]

The organicandinorganiccomposite particles obta

nclude not

emimetalsuch as

imentispreferably

minum (Al), zinc

um(Ti),lead(Pb),

),iron (Fe) and
efractive index
are relatively

articularly

taining

ticles of

osite
ecursor in the

tis capable of
soluble
nd inorganic

rticles.

inedinthe
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step (1) contains water-insoluble polymer particles
composed of metal oxide, and the water-insoluble po
serving as the template are removed in the step (2)
porous metal oxide particles of the present embodim
[0049]

For more detalils, the step (1) comprises step (1-1
(1-2).

Step (1-1): a step of obtaining a mixture by addin
water-insoluble polymer particles having 50 % mean
volume equal to or larger than 5 nm and equal to or
nm and a base catalyst in water and/or an organic s
of dissolving a part of or all of water.

Step(1-2):astepofobtainingorganicandinorga
particlesbymixingametaloxideprecursorwithth
intheaforementionedstep(1-1)andcarryingouta
of the metal oxide precursor.

[0050]

As described above, it is necessary to conduct the
reaction of the metal oxide precursor with the base
presence of the water-insoluble polymer particles i
embodiment. The progress ofthe sol-gelreactioni
the base catalyst, and further, metal oxide precurs
three-dimensionally forms a dense gel so as to cont
water-insoluble polymer patrticles therein to allow
providing the organic and inorganic composite parti

Therespectivestepswillbesequentiallydescribe

[0051]

in particles
lymer particles
to produce the

ent.

) and step

g

particle size by
smallerthan 30

olvent capable

niccomposite
emixtureobtained

sol-gelreaction

sol-gel

catalystinthe

n the present
saccelerated by

or

ain the

preferentially

cles.

dasfollows.
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[Step (1-1)]

Specifically,instep(1-1) water-insolublepolym
(X) (hereinafter referred to as "component” (X) whe
water and/or an organic solvent capable of dissolvi
all of water () (hereinafter referred to as "compo
appropriate) and a base catalyst (Z) (hereinafter r
"component” (Z) when appropriate) are mixed to prep
Itis preferable in step (1-1) to obtain amixture
dispersion of the water-insoluble polymer particles
discussed later, water and/or the organic solvent ¢
dissolving a part of or all of water and the base c
[0052]

The water-insoluble polymer particles (X) will be
in detail.

It is preferable that the water-insoluble polymer
have 50 % mean patrticle size by volume equal to or
andequaltoorsmallerthan30nm. Theporousmet
obtainedfromtheabove-describedwater-insolublep
areusedtoachieveatransparentfilmorcoating f
thermal insulation.

Concerning the method of measuring the external siz
a method using a particle size distribution analyze
methodofdirectobservationusingatransmissione
(TEM) or a scanning electron microscope (SEM), or t
applicable.

[0053]

Concerning the water-insoluble polymer patrticles (

erparticles
nappropriate),
ng a part of or
nent" (Y) when
eferred to as
ared a mixture.
by mixingawater
as will be
apable of

atalyst.

described

particles
larger than 5 nm
aloxidepatrticles
olymerpatrticles

ilmwithenhanced

e, forexample,
r (DLS), and a
lectronmicroscope

he like are

X)usedin



10

15

20

23

thepresentembodiment,polymerparticlesdispersib
medium,suchaspolyolefinbased,poly(meth)acryli
polystyrene based, polyurethane based, polyacryloni
polyvinyl chloride based, polyvinylidene chloride b
acetate based, or polybutadiene based polymer parti
preferable. In particular, polyolefin based water-
polymer particles are prone to form the water-insol
particles having the external size equal to or smal

and thus are preferably used. Terminal branched po
copolymerpatrticlesrepresentedbythefollowingge

are more preferable.

[0054]

[Terminal Branched Polyolefin Based Copolymer Parti

R! R?2

X1—C—CH—X?

A

[0055]
In the formula, A represents polyolefin chain. R
represent hydrogen atom or alkyl group having 1 to
and at least one of them is hydrogen atom, and X
be the same or different groups, represent a group

or branched polyalkylene glycol group.

leinwater-based
cacidesterbased,
trile based,
ased, polyvinyl
cles are
insoluble
uble polymer
ler than 30 nm,
lyolefin based

neralformula(l)

cle]

(1)

landR 2
18 carbon atoms,
Land X 2, which may

having straight



10

15

20

25

24

[0056]

Number average molecular weight of the terminal br
polyolefinbasedcopolymerpatrticlesrepresentedby
(1) isequalto or lower than 2.5x 10
or lower than 1.5 x 10
than4.0x 10 3. And onthe other hand, itis preferably equal to
higherthan5.5x10
8 x10 2. The above-described number average molecular wei
represented by the sum of number average molecular
polyolefin chain represented by A, number average m
of groups having polyalkylene glycol groups represe
X? and the additional molecular weights corresponding
CH.

[0057]

The number average molecular weight of the termina
polyolefinbasedcopolymerparticlewithintheabov
provides tendency to enhance the stability of parti
dispersion and to enhance the dispersibility into w
organic solvent miscible or partially miscible with
case of using the terminal branched polyolefin base
particlesasthedispersoid,andalsoallowseasyp
dispersion, and thus is preferable.

[0058]

Polyolefinchain,whichisAingeneralformula(l
by polymerizing olefin having 2 to 20 carbon atoms.
olefins having 2 to 20 carbon atoms include alpha o

ethylene, propylene, 1-butene, 1-hexene and the lik

anched

generalformula

4 and is preferably equal to

4 and is more preferably equal to or lower

or

2 andismore preferably equaltoorhigherthan

ghtis
weight of
olecularweight
nted by X *and
toR ! R Zand

I branched
e-describedrange
cles in the
ater and/or the
water, in the
d copolymer

reparationofthe

)isobtained
Examples of
lefins such as

e. In this
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embodiment, this may be homopolymer or copolymer of
or alternatively may be copolymer with other polyme
compoundasfarasthe characteristics are notdete
these olefins, ethylene, propylene and 1-butene are
preferable.

[0059]

Number average molecular weight of polyolefin chai

represented by A in general formula (1) measured by
chromatograph(GPC)isfrom400t08,000,andispr
to 4,000, and is more preferably from 500 to 2,000.
average molecular weight is a value in terms of pol

[0060]

Number average molecular weight of polyolefin chai

representedbyAwithintheabove-describedrangep

to allow high crystallinity of the polyolefin moiet

stabilityofthedispersion,andalsoprovidestend

melt viscosity and easy preparation of the dispersi

preferable.

[0061]
Ratioofweightaveragemolecularweight(Mw)ton

molecularweight(Mn)ofpolyolefinchainrepresent

formula(1),orinotherwords,molecularweightdi

thatismeasuredbyGPC isnotparticularlylimite

from 1.0 to several tens, and is more preferably eq

than 4.0, and more preferably equal to or lower tha

[0062]

Molecular weight distribution (Mw/Mn) of polyolefi

these olefins,
ric unsaturated
riorated. Among

particularly

n
gel permeation
eferablyfrom500

Here, number

ystyrene.

n
rovidesatendency

y and enhanced
encytoallowlow

on, and thus is

umberaverage
edbyAingeneral
stribution(Mw/Mn)
d,andisordinarily
ual to or lower

n 3.0.

n chain



10

15

20

25

26

represented by A in general formula (1) within the
range is preferable, in views of such as shapes of
the dispersion and uniformity of the particle size.

[0063]

A weight average molecular weight (Mw), a number a

molecularweight(Mn),and molecularweightdistrib
polyolefinchainrepresentedby Adeterminedby GPC
for example, using GPC -150, commercially available
Millipore, under the following conditions.

Separation column: TSK GNHHT (columnsize: 7.5 mm
mm in length);

Column temperature: 140 degrees C;
Mobilephase:orthodichlorobenzene(commerciallyav
Pure Chemical Industries, Ltd.);

Antioxidizing agent: butylhydroxytoluene (commercia
from Takeda Pharmaceutical Co., Ltd.) 0.025 % by ma
Moving rate: 1.0 ml/min.;

Sample concentration: 0.1 % by mass;

Sample injection volume: 500 microliter; and
Detector: differential refractometer.

[0064]

In addition to above, molecular weight of polyolef
represented by A can be determined by measuring mol
polyolefin having unsaturated group in one terminal
discussed later, and subtracting molecular weight e
corresponding to such terminal therefrom.

[0065]

above-described

the particlesin

verage
ution (Mw/Mn) of
canbemeasured,

from Merck

indiameter; 300

ailablefromWako

lly available

SS;

in chain
ecularweight of
as will be

quivalency
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R*and R 2 are hydrogen atom or hydrocarbon group having 1 to

18 carbon atoms, which are substituent groups bound to double bond
in polyolefin constituting A, and are preferably hy drogen atom or
alkyl group having 1 to 18 carbon atoms. Preferabl e alkyl groups

are methyl group, ethyl group and propyl group.

[0066]

Ingeneralformula(1),X tandX “arethesameordifferentgroups,
and represent a functional group containing straigh t or branched
polyalkylene glycol groups each having number avera ge molecular
weightoffrom50t010,000. Examplesofabranchi ngformofbranched
polyalkylene glycol group include a branching via m ultivalent
hydrocarbon groups or via nitrogen atoms or the lik e. Examples
include a branching via a hydrocarbon group bound t 0 two or more
nitrogenatoms, oxygenatomsorsulfuratomsinadd itiontothemain
skeleton, or a branching via a nitrogen atom bound to two alkylene
groups in addition to the main skeleton, or the lik e.
[0067]

Number average molecular weight of the group havin g
polyalkyleneglycolgroupwithintheabove-describe drangeshowsthe
tendencytoenhance dispersibility of the particles ,andalsotends
to exhibit low melt viscosity, which allows easy pr eparation of

dispersion, and thus it is preferable.

[0068]

X! and X 2 of general formula (1) having the above-described
structure allows providing polymer particles compos ed of terminal
branched polyolefin based copolymer having the part icle size, in

which 50 % mean particle size by volume is equal to or larger than
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5 nm and equal to or smaller than 30 nm, without a
a surfactant.

[0069]

need for using

Preferable examples of X Yand X ?ingeneralformula (1), each

of which is same or different, are groups represent
formula (2):

[0070]

E—X°

[0071]
(Intheformula,Erepresentsoxygenatomorsulfur

polyalkylene glycol group or group represented by g
3):

ed by general

(2)

atom,X ‘represents

eneral formula

[0072]
—R’—(G)
m (3)
[0073]
(In the formula, R 3 represents m+1 valent hydrocarbon group,

G, which is the same or different groups, represent

S a group

representedby-OX  “%or-NX °X®(X “toX °Crepresentapolyalkyleneglycol

group.), and m represents a number of bonds of R
integer of from 1 to 10.))
or group represented by general formula (4):

[0074]

3 with G and is an
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(4)

[0075]
(In the formula, X "and X 8, which are the same or different groups,
represent a polyalkylene glycol group or group repr esented by the

above-described general formula (3)).

[0076]

Group represented by R 3in general formula (3) is m+1 valent
hydrocarbon group having 1 to 20 carbon atoms. mi s an integer of
1t010,andis preferably anintegerof 1to 6,an disparticularly

preferably an integer of 1 to 2.

[0077]

Apreferable example ofgeneralformula(1)includ esterminal
branched polyolefin based copolymer, in which any o neofX tandX 2
ingeneral formula (1) is group represented by gene ralformula (4).
Further preferable example includes terminal branch ed polyolefin

copolymer, inwhich one of X

tandX Z2isgroup represented by general

formula (4) and the other is group represented by g eneral formula
).
[0078]

Other preferable example of general formula (1) in cludes
terminal branched polyolefin based copolymer, in wh ich any one of
X'andX Z2ingenerafformula(1)isgrouprepresentedbygen eralformula

(2),and more preferably both of X

general formula (2).

YandX 2aregroupsrepresented by
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[0079]
Further preferable structure of general formula (4
represented by general formula (5).

[0080]

[0081]

)isgroup

(5)

(In the formula, X % and X 0 are same or different and represent

polyalkylene glycol groups, and Q land Q 2are same or differentand

respectively represent divalent hydrocarbon groups.
10 [0082]

DivalenthydrocarbongroupsrepresentedbyQ
formula (5) are preferably divalent alkylene group,
preferablyalkylenegrouphavinglto20carbonato
having 1to 20 carbon atoms may or may not have sub

15 whichinclude, for example, ethylene group, methyle
ethylethylene group, dimethylethylene group, phenyl
chloromethylethylene group, bromomethylethylene gro
methoxymethylethylene group, aryloxymethylethylene
propylene group, trimethylene group, tetramethylene

20  hexamethylene group, cyclohexylene group and the i
alkylene group is hydrocarbon based alkylene group,

particularlypreferablyethylenegroupandmethylet

)

landQ 2ingeneral
and are more
ms. Alkylenegroup
stituent groups,
thylene group,
ethylenegroup,
up,
group,
group,

ke. Preferable
and is

hylenegroup,and
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is more preferably ethylene group. Q Land Q 2 may be one type of
alkylene group, or may include two or more types of alkylene groups

co-existing therein.

[0083]

FurtherpreferablestructureofX tandX Zrepresentedbygeneral
formula (1) is group represented by general formula (6).
[0084]

O—x11 (6)

[0085]
(In the formula, X 1 represents polyalkylene glycol group.)
[0086]

Polyalkylene glycol groups represented by X 3toX 'Maregroups
obtained by conducting addition polymerization of a Ikylene oxides.
Examples of Alkylene oxide constituting polyalkylen e glycol group

represented by X  3to X ! include ethylene oxide, propylene oxide,

butylene oxide, styrene oxide, cyclohexene oxide, e pichlorohydrin,
epibromohydrin, methylglycidyl ether, allylglycidyl ether and the
like. Amongthese,preferablechoicesarepropylen eoxide,ethylene
oxide, butylene oxide and styrene oxide. More pref erable choices
arepropyleneoxideandethyleneoxide,andthemos tpreferablechoice

is ethylene oxide. Polyalkylene glycol groups repr esentedbyX 3to
X! may be groups obtained by homopolymerization of th ese alkylene
oxides, ormaybe groupsobtainedbycopolymerizati onoftwoormore
ofthesealkyleneoxides. Examplesofpreferablep olyalkyleneglycol
groupsincludepolyethyleneglycolgroup,polypropy leneglycolgroup,

or group obtained by copolymerization of polyethyle ne oxide and
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polypropylene oxide, and particularly preferable gr oup is

polyethylene glycol group.

[0087]

X1 and X ?in general formula (1) having the above-described
structureallowsenhanceddispersibilityinwatera nd/ortheorganic
solventmiscibleorpartiallymisciblewithwateri nthecaseofusing
terminalbranchedpolyolefinbasedcopolymerpartic lesofthepresent
embodiment as the dispersoid, and thus is preferabl e.

[0088]

Itis preferable to use polymer represented by the following
general formula (1a) or (1b) for the terminal branc hed polyolefin
basedcopolymerparticlesthatcanbeusedinthep resentembodiment.
[0089]

L,
N

(la)
[0090]
(Intheformula,R “andR °representhydrogenatomoralkylgrouphaving
1tol8carbonatomsandatleastoneofthemishy drogenatom. Alkyl
group having 1 to 9 carbon atoms is preferable for alkyl group and
alkylgrouphaving1to3carbonatomsisfurtherp referable. R and
R’ represent hydrogen atom or methyl group and at lea stone thereof
ishydrogenatom. R 8andR °representhydrogen atomormethylgroup

and at least one thereof is hydrogen atom.
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I+m represents an integer equal to or larger than 2andequal
toorsmallerthan450,andispreferablyanintege requaltoorlarger
than 5 and equal to or smaller than 200.

n represents an integer equal to or larger than 20 and equal
toorsmallerthan300,andispreferablyanintege requaltoorlarger

than 25 and equal to or smaller than 200.)

[0091]
o~ rw/* y
H
m
M } (1b)

[0092]
(Intheformula,R ‘andR °representahydrogenatomoranalkylgroup
havingltol8carbonatomsandatleastoneofthe mishydrogenatom.
As the alkyl group, an alkyl group having 1 to 9 ca rbon atoms is
preferable and an alkyl group having 1 to 3 carbon atomsis further
preferable. R ®and R  represent hydrogen atom or methyl group and
atleastoneofthemisahydrogenatom. R 8andR °representhydrogen
atom or methyl group and at least one thereofis hy drogenatom. R
and R ! represent hydrogen atom or methyl group and at lea stone of

them is hydrogen atom.

l+m+orepresentsanintegerequaltoorlargertha n3andequal
toorsmallerthan450,andispreferablyanintege requaltoorlarger
than 5 and equal to or smaller than 200.

n represents an integer equal to or larger than 20 and equal
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toorsmallerthan300,andispreferablyanintege requaltoorlarger

than 25 and equal to or smaller than 200.)

[0093]

Itis further preferable to use a polymer represen ted by the
followinggeneralformula(lc)forthepolymerrepr esentedbygeneral
formula (1b).

[0094]

o~ N0
Wm ol

(1 c)
[0095]
(Intheformula,l+m+oandnareidenticaltothose ingeneralformula
(1b).)

Number of ethylene units in polyethylene chain (n) is
calculated by dividing number average molecular wei ght (Mn) of
polyolefin chain represented by A in general formul a (1) by the
molecular weight of ethylene unit. Also, total num ber of
ethyleneglycolunitsinpolyethyleneglycolchain( [+morl+m+o)can
be calculated on the assumption that a weightratio of raw material
of polymer in the reaction of adding polyethylene g lycol groups to
ethylene oxide used is equivalent to the ratio of a number average
molecular weight (Mn) of the raw material of polyme r to that of

polyethylene glycol group.
[0096]

n,lI+morl+m+ocanalsobedeterminedby 'H-NMR. Forexample,
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these can be calculated for a terminal branched pol
copolymer (T) used in Example and dispersion partic
thereof by using an integrated value of the methyle
value: 1.06-1.50 ppm) in the polyolefin chain repre
an integrated value of the alkylene group (shift va
ppm) in the polyethylene glycol (PEG), on the assum
integratedvalueoftheterminalmethylgroup(shif
in polyolefin chain represented by A in general for
equivalent to 3 protons.
[0097]

More specifically, since molecular weight of methy
15, molecular weight of methylene groupis 14, and
of ethylene oxide group is 44, number average molec
polyolefinchainrepresentedbyAandalkylenegrou
from values of the respective integrated values. N
molecularweight of polyolefin chainrepresented by
can be divided by molecular weight of ethylene unit
and number average molecular weight of alkylene gro
molecular weight of ethyleneglycol unit to calculat
(I+m or [+m+0) of ethyleneglycol units in PEG chain

[0098]

When polyolefin chain represented by A is composed

ethylene-propylene copolymer, both ofthe contento
can be measured by IR,
in *H-NMR can be used to calculate n and l+m or l+m+o.
using internal standard in

[0099]

'H-NMR is also effective.

yolefin based
les containing
ne group (shift
sented in A and
lue: 3.33-3.72
ption that an
tvalue:0.88ppm)

mula (1) is

Igroupis
molecular weight
ular weight of
pcanbecalculated
umber average
Aobtainedhere
to calculaten,
upisdivided by

e total number

of

fpropylenethat

13C-NMR or the like and the integrated value

A method of
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The aforementioned terminal branched polyolefin ba
copolymer particles can be prepared by, for example
described in WO2010/103856.

[0100]

The polymer particles of the present embodiment co
theabove-describedterminalbranchedpolyolefinba
the rigid particles having a structure, in which po
moiety represented by A in general formula (1) is 0
the inside and such polyolefin chain moiety has cry
[0101]

Theterminalbranchedpolyolefinbasedcopolymerp
the present embodiment can also be dispersedinal
solvent again even after the separation of the part
the dispersion, since polyolefin chain moiety there
crystallinity. The terminal branched polyolefin ba
particle of the present embodiment is a rigid parti
melting point of polyolefin chain moiety included i
is preferably equal to or higher than 80 degrees C,
preferably equal to or higher than 90 degrees C.

[0102]

The melting point of polyolefin chain moiety of eq
higher than the above-described temperature allows
particlehavingbettercrystallinity,suchthatcol
is restrained even though the particle is heated to
temperature.

Thus, since the collapse ofthe particleisrestra

manufacturing process or in the situation of use on

sed

, a method as

mposed of

sedcopolymerare
lyolefin chain
riented toward

stallinity.

articlesof
iquid suchas a
icles by drying
of has
sed copolymer
cle, in which
n the particle

and is more

ual to or
providing rigid
lapseofparticle

higher

inedinthe

various types
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ofapplicationsaswillbe discussedlater, theyie

and the quality of the product are further stabiliz
deteriorating the characteristics of the terminal b
polyolefin based copolymer particles of the present
[0103]

Theterminalbranchedpolyolefinbasedcopolymerp
the present embodiment exhibit a constant particle
of dilution concentration evenifitis dispersedt
otherwords,theseparticlesareredispersibleand
and therefore these patrticles are different from mi
dispersing in a liquid.

[0104]
[Non-Water-Soluble Polymer Particle Dispersion]

The dispersion of the present embodiment contains
above-described water-insoluble polymer particles,
aforementioned terminal branched polyolefin based ¢
particles, as a dispersoid, and such dispersoid is
particlesinwaterand/orthe organic solventcapab
a part of or all of water.

[0105]

Inthepresentembodiment,thedispersionformedb
the water-insoluble polymer particles includes any
example:

(1) a dispersion obtained during the production of
water-insoluble polymer particles, which contains t
particles;

(2) adispersion obtained by additionally dispersin

|d ofthe product
ed without
ranched

embodiment.

articlesof

size regardless
oasolvent. In
constantinsize,

celle particles

the
preferably the
opolymer
dispersed as

le ofdissolving

ydispersing

one of, for

the

he polymer

g or dissolving
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other dispersoids or additives in the dispersion co
water-insoluble polymerparticlesobtainedinthep
polymer particles; and
(3)adispersionobtained by dispersingthewater-i
particlesinwateroranorganicsolventhavingan
with additionally dispersing or dissolving other di
additives.
[0106]

Ratiooftheaforementionedwater-insolublepolyme
containedinthedispersion ofthe presentembodime
from 0.1 to 50 % by mass provided that whole disper
mass, and is more preferably from 1 to 40 % by mass
preferably from 1 to 20 % by mass.
[0107]

The ratio of the contained water-insoluble polymer
within the above-described range allows providing e
practicality ofthe dispersionand maintainingappr
viscosity, and providing easy handling, and thus is
[0108]

In addition, the 50 % mean particle size by volume
particlesinthedispersion ofthe presentembodime
eqgual to or larger than 5 nm and equal to or smalle
[0109]

The50%meanparticlesizebyvolumeofparticle
controlled by changing the molecular weight, ratio
grouptolipophilicgroup,thedegreeofbranchof

polymer and the like.

ntaining the

roductionofthe

nsoluble polymer
affinityforwater

spersoids or

rparticles
ntis preferably
sionis 100 % by

,andis further

particles
nhanced
opriate levelof

preferable.

of the
ntis preferably

r than 30 nm.

canbesuitably
of hydrophilic

thewater-insoluble
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For example, this can be adjusted by suitably chan
structure of polyolefin moiety in the aforementione
branched polyolefin based copolymer and the structu
branch moiety.

Here, the 50 % mean particle size by volume in the
embodiment means the diameter of the particle at th
cumulative volume reachesto 50 % provided that the
100%,andcanbemeasuredbyusingadynamiclight
size distribution analyzer or a microtruck particle

Inaddition,theshapethereofcanbeobservedby
electron microscope (TEM) after itis negatively st
example, phosphotungstic acid.

[0110]

The dispersion in the present embodiment is obtain
dispersingthe water-insoluble polymer particlesin
organic solvent miscible or partially miscible with
[0111]

The dispersing in the present embodiment can be ac
a method of physically dispersing the water-insolub
particlesinwaterand/orthe organic solvent misci
miscible with water with mechanical shear force.

[0112]

The dispersing method is not particularly limited
specificmethod,andvarioustypesofdispersingme
More specifically, examples of available methods in
of dispersing a molten mixture with a high pressure

high pressure homomixer, an extruding kneader, an a

ging the
d terminal

re of terminal

present
e time that the
whole volumeis
scatteringparticle
size analyzer.
atransmission

ained with, for

ed by
waterand/oran

water.

hieved via
le polymer

ble or partially

to any

thodscanbeused.
clude: amethod
homogenizer, a

utoclave or the
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like inwhichthemoltenmixtureismadebymixing
polymer particles with water and/or the organic sol
dissolvingapartoforallofwaterandthenmakin

the molten state; a method of injection-pulverizing
pressure; and a method of atomizing through a spray
addition, available method may alternatively be a m
preliminarilydissolvingtheaforementionedwater-i
particlesinasolventotherthanwater,andthenm
mixture with water and/or the organic solvent misci
miscible with water, and then dispersing the mixtur
pressurehomogenizer,ahighpressurehomomixeror
case, the solvent used for the dissolution of the w
polymer particles is not particularly limited as lo
water-insoluble polymer particles can be dissolved,
includetoluene, cyclohexane,ororganicsolventse
affinitywithwater. Ifanincorporationofanorg

than water in the dispersion is not preferable, suc
solventcanberemovedbyanoperationsuchasadi
like.

[0113]

Furthermore specifically, the dispersion can be ob
thermally stirring while applying shear force in, f
autoclavewithstirrerthatcanapplyshearforce,
at which the water-insoluble polymer particles are
and are not deteriorated by the heating, specifical
eqgualtoorhigherthan 100 degrees C and preferabl

degrees C in the case of that the aforementioned wa

thewater-insoluble
vent capable of
gthemixtureinto
at a high
nozzle. In
ethod of
nsolublepolymer
ixingtheresultant
ble or partially
e with a high
thelike. Insuch
ater-insoluble
ng as the
and examples
xhibitingbetter
anicsolventother
h incorporated

stillationorthe

tained by
or example, an
atatemperature,
in molten state
ly for example,
yfrom120t0200

ter-insoluble
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polymer particles are the terminal branched polyole
copolymer particles.
[0114]

Timerequiredfordispersingis,dependinguponth
temperature and other dispersing conditions, on the
1to 300 minutes. The dispersing can be sufficient
the water-insoluble polymer particles are hard to b
withintheabove-describedstirringtime,andthus
is preferable. Itis preferable after the reaction
shear force-applying state until the temperature in
isequaltoorlowerthan100degreesC, preferably
than 60 degrees C.

[0115]

While an addition of asurfactantis notindispens
production of the dispersion used in the present em
example,ananionicsurfactant,acationicsurfacta
surfactant, a nonionic surfactant or the like may b
therewith.

[0116]

Examples of anionic surfactant include: carboxylat
alkyl sulfonate, modified alkyl sulfonate, alkyl al
alkylsulfuricacidestersalt,sulfateoil,sulfate
monoglyceride sulfate, alkanolamide sulfate, ether
phosphate, alkyl benzene phosphonate, naphthalenesu
formaldehyde condensate and the like.

[0117]

Examples of cationic surfactantincludes: simple a

fin based

edispersing
order of from
ly conducted and
e deteriorated
suchtimeduration
to maintainthe
the dispersion

equaltoorlower

ableinthe
bodiment, for
nt,anampholytic

e present

e, simple
lyl sulfonate,
ester,fattyacid
sulfate, alkyl

[fonate

mine salt,
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modified amine salt, tetraalkyl quaternary ammonium
trialkyl quaternary ammonium salt, trialkyl benzyl
ammonium salt, modified trialkyl benzyl quaternary
alkyl pyridinium salt, modified alkyl pyridinium sa
quinolinium salt, alkyl phosphonium salt, alkyl sul

the like.

[0118]

Examples of ampholytic surfactant include, for exa
betaine, sulfobetaine, sulfate betaine and the like
[0119]

Examples of nonionic surfactant include, for examp
acid monoglycerin ester, fatty acid polyglycol este
sorbitan ester, fatty acid sucrose ester, fatty aci
fattyacidpolyethyleneglycolcondensate, fattyam
glycolcondensate,fattyacidalcoholpolyethylene
fattyacidaminepolyethyleneglycolcondensate fa
polyethylene glycol condensate, alkyl phenol polyet
condensate, polypropyleneglycolpolyethyleneglyco
thelike. Oneofthesesurfactantsmaybeusedalo
of these surfactants may also be used.

[0120]

Intheprocessofproducingthedispersionusedin
embodiment, a filtration step may be added to the p
purpose of eliminating contaminants. In such case,
stainless-steelfilter(wirediameter0.035mm,pla
300 mesh may be installed to carry out a pressure f

pressure 0.2 MPa).
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[0121]

Inthedispersionobtainedbytheabove-described
of agglomeration and precipitation is caused even i
from 1 to 13 by adding various types of acid and ba
an acid such as hydrochloric acid, sulfuric acid, p
and the like, and/or a base such as potassium hydro
hydroxide, calcium hydroxide and the like. In addi
agglomeration and precipitation is caused even if t
is placed under ordinary pressure at a temperature
range, which causes repetitions of heating and refl
and thawing.

[0122]

Waterintheabove-describedmethodisnotparticu
and distilled water, ion-exchange water, urban wate
water or the like may be used, however, distilled w
ion-exchange water are preferably used.

[0123]

In addition, the organic solvent exhibiting better
withwaterintheabove-describedmethodisnotpar
aslongasthedispersoid such aswater-insoluble p
or surfactant can be dispersed therein, and example
ethyleneglycol, tetraethylene glycol, isopropyl alc
acetonitrile, methanol, ethanol, dimethylsulfoxide,
dimethylformamide, dimethyl imidazolidinone and the
incorporation of an organic solvent in the dispersi
preferable,suchorganicsolventcanberemovedby

as a distillation or the like after the dispersion

method,none

fpHis changed
se, forexample,
hosphoric acid
xide, sodium
tion, none of
his dispersion
within broader

ux or freezing

larlylimited,
r, industrial

ater and

affinity
ticularlylimited
olymerpatrticles
s include,

ohol, acetone,

like. If an
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anoperationsuch

containing the



10

15

20

25

44

dispersoid is prepared.
[0124]

The dispersion in the present embodiment preferabl
from 0.001 parts by mass to 20 parts by mass, more
0.01 parts by massto 10 parts by mass, further pre
partsbymassto5partsbymass, ofadispersoide
branched polyolefin based copolymer particles, prov
aforementioned water-insoluble polymer particles ar
mass. Thecontentofthedispersoidwithintheabo
providespracticallyenhancedphysicalpropertiesa
causing agglomeration and precipitation, and thus i
[0125]

[Water and/or Organic Solvent Miscible or partially

Water (Y)]

The component (Y) in the present embodiment is add

purpose of further hydrolyzing a metal oxide precur
(hereinafter, appropriately referred to as "compone
[0126]

In addition, examples of the component (YY) include
to use for obtaining an aqueous dispersion by using
water-insoluble polymer, a solvent to use for mixin
dispersion, metal alkoxide, and/or partial hydrolys
a component (Z) of a catalyst for sol-gel reaction
described later, and a solvent to use for mixing th
precursor (W) which will be described later.

[0127]

Water is not particularly limited, and distilled w

y contains

preferably from
ferably from0.1
xcepttheterminal
ided that the

e 100 parts by

ve-describedrange

nddifficultyin

s preferable.

miscible with

ed for the

sor (W)
nt" (W)).

asolvent
the
g the aqueous
IS condensate,
which will be

e metal oxide

ater,
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ion-exchange water, urban water, industrial water o
be used, and distilled water and ion-exchange water
used.
[0128]

The organic solventmiscible or partially miscible
isnotparticularly limited aslong asthe organic
a better affinity for water and is capable of dispe
water-insoluble polymer, and examplesincludes, met
propyl alcohol, isopropyl alcohol, acetone, acetoni
dimethylsulfoxide, dimethylformamide, dimethyl imid
ethyleneglycol, tetraethylene glycol, dimethylaceta
N-methyl-2-pyrrolidone, tetrahydrofuran, dioxane, m
ketone, cyclohexanone, cyclopentanone, 2-methoxyeth
cellosolve), 2-ethoxyethanol (ethyl cellosolve), et
thelike. Amongthese, methanol,ethanol,propyla
alcohol, acetonitrile, dimethylsulfoxide, dimethylf
acetone, tetrahydrofuran and dioxane are preferable
exhibit enhanced affinity with water. When these o
are contained in the mixture, the particle size and
suitablycontrolledinthecondensationofthemeta
such that the obtained product can be approached to
particles with homogeneous sizes. Furthermore, sin
tetraethoxysilane (TEOS) and tetramethoxysilane (TM
preferableforthecomponent(W)aswillbediscuss
such as ethanol and methanol are particularly prefe
[0129]
[Base Catalyst (2)]

r the like may

are preferably

withwater
solventexhibits
rsing the
hanol, ethanol,
trile,
azolidinone,
mide,
ethyl ethyl
anol (methyl
hyl acetate and
Icohol,isopropyl
ormamide,
, since these
rganic solvents
shape can be
loxideprecursor,
spherical fine
ce
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edlater,alcohols
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In the mixture composition used in the present emb

base catalyst is preferably used, in terms of suita
the condensation rate of the metal oxide precursor

spherical porous metal oxide materials. More speci

includes: ammonia; ammonium hydroxide (agueous ammo

metal hydroxide such as potassium hydroxide, sodium
thelike;quaternaryammoniumhydroxide suchastet
hydroxide, tetraethylammonium hydroxide, tetrabutyl
hydroxideandthelike;aminessuchastriethylamin
morpholine, pyridine, piperidine, ethylenediamine,
diethylenetriamine, ethanolamine, diethanolamine, t
and the like; amino silanes such as 3-aminopropyltr
N-(2-aminoethyl)-3-aminopropyltrimethoxysilaneand
preferably,ammoniaandammoniumhydroxide(aqueous
in terms of easily controlling the particle size an
porousmetaloxidematerial,andammoniumhydroxide

is further preferable in terms of the safety.

[0130]

[Step (1-2)]

In the step (1-2), the metal oxide precursor (W) i
themixtureobtainedintheaforementionedstep(1-
reactionis conductedto obtainthe organicandino
particles.

[0131]
[Metal Oxide Precursor (W)]

Examples of metal oxide precursor include a metala

and/or a partial hydrolysis condensate thereof, am

odiment, a

bly controlling

and creating

fically, this

nia); alkal

hydroxide and

ramethylammonium
ammonium

e, tributylamine,

riethanolamine
iethoxysilane,
thelike. Most
ammonia)areused,
d shape of the

(agueousammonia)

s mixed to
1),andthesol-gel

rganic composite

Ikoxide

etal halide, a
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metal acetate, a metal nitrate, a metal sulfate and the like.
[0132]

The metal alkoxides in the present embodiment mean compounds
represented by the following formula (12).

(R¥)x ;MOR3)y 1 (12)

[0133]

In this formula, R 12 represents hydrogen atom, alkyl group
(methyl group, ethyl group, propyl group or the lik e), aryl group
(phenyl group, tolyl group or the like), carbon-car bon double
bond-containing organic group (acryloyl group, meth acryloylgroup,
vinylgrouporthelike),halogen-containinggroup (halogenatedalkyl
groups such as chloropropyl group, fluoromethyl gro up orthe like)
andthelike. R 13 represents lower alkyl group having 1 to 6 carbon
atoms, preferably having 1 to 4 carbon atoms. x 1andy 1 represent
an integer so that x 1ty1=4and x 1 is equal to or smaller than 2.
Examples of M include Li, Na, Mg, Al, Si, K, Ca, Sc , Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Rb, Sr, Y, Nb, Zr, Mo, Ag, Cd, In, Sn, Sb, Cs,
Ba, La, Ta, Hf, W, Ir, Tl, Pb, Bi, rare earth metal s and the like,
andmetals(alkoxide),whicharecapableofcreatin gcolorlessmetal
oxide by asol-gelreaction, suchas Si, Al, Zn, Zr ,In, Sn, Ti, Pb,
Hf and the like are preferable, interms ofthe ava ilability touse
as an optical material. Among these, silicon (Si), aluminum (Al),
zirconium (Zr), titanium (Ti) and the like are pref erablyused, and
these may be used in combination. Among these, sil icon compounds
havehigherindustrialavailabilitysincetheseare relativelycheap
andeasilyobtainable,andreactionstherewithmode ratelyprogress.

In addition, the metal alkoxide and/or the hydrolyt ic condensate
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thereofmaybeacompound,whichiscapableofcrea
as will be discussed later via a sol-gel reaction b
catalyst and water.

[0134]

Specific examples thereof include: alkoxy silanes
tetramethoxysilane (TMOS), tetraethoxysilane (TEOS)
tetrapropoxysilane, tetraisopropoxy silane, methyl
trimethoxysilane, methyltriethoxysilane, methyltr
methyl tributoxysilane, ethyl trimethoxysilane, eth
triethoxysilane, n-propyl trimethoxysilane, n-propy
triethoxysilane, isopropy! trimethoxysilane, isopro
triethoxysilane, dimethyldimethoxysilane, dimethyl
diphenyl dimethoxysilane, diphenyl diethoxysilane,
trimethoxysilane, vinyl triethoxysilane, phenyl tri
phenyl triethoxysilane, p-styryl trimethoxysilane,
3-methacryloxypropyl methyl dimethoxysilane, 3-meth
methyl diethoxysilane, 3-methacryloxypropyl trimeth
3-methacryloxypropyl triethoxysilane, 3-acryloxypro
trimethoxysilane,3-acryloxypropyltriethoxysilane,
triethoxysilane,trifluoromethyltrimethoxysilane,
triethoxysilane and the like; alkoxy aluminum; alko
alkoxy titanium and the like associated therewith.
[0135]

Further,inadditiontothesemetalalkoxides,met
having various types of functional groups in R
following 1) to 4) may also be used.

1) compounds having amino group and alkoxysilyl gro

tingametaloxide

y addition of a

such as

ipropoxysilane,
yl
I
pyl
diethoxysilane,
vinyl

methoxysilane,

acryloxypropyl

oxysilane,

pyl
3-chloropropyl
trifluoromethyl

Xy zirconium;

alalkoxides

12 described in the

up such as
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3-aminopropyl trimethoxysilane, 3-aminopropyl triet
3-aminopropyl methyl dimethoxysilane, 3-aminopropy!
diethoxysilane, N-2-(aminoethyl)-3-aminopropyl meth
dimethoxysilane, N-2-(aminoethyl)-3-aminopropyl tri
2-aminoethylamino methyl trimethoxysilane, 3-aminop
ethoxysilane, 2-(2-aminoethyl thioethyl) triethoxys
p-aminophenyl trimethoxysilane, N-phenyl-3-aminopro
dimethoxysilane, N-phenyl-3-aminopropyl methyl diet
N-phenyl-3-aminopropyl trimethoxysilane, N-phenyl-3
triethoxysilane and the like.

2) compounds having glycidyl group and alkoxysilyl
3-glycidoxypropy! propyl trimethoxysilane, 3-glycid
propyltriethoxysilane,3-glycidoxypropylmethyldi

the like.

3) compounds having thiol group and alkoxysilyl gro
3-mercaptopropyl methyl dimethoxysilane, 3-mercapto
trimethoxysilane and the like.

4) compounds having ureido group and alkoxysilyl gr
3-ureidopropyl trimethoxysilane and the like.

[0136]

Inthe presentembodiment, preferable metal alkoxi
alkoxysilane, in which M in the above-described for
silicon(Si);alkoxyzirconium,inwhichMiszirco
aluminum,inwhichMisaluminum (Al); and alkoxyt
is titanium (Ti).

[0137]

The partial hydrolysis condensate of metal alkoxid

hoxysilane,
methyl

yl

methoxysilane,

ropyl dimethyl
ilane,

pyl methyl
hoxysilane,

-aminopropyl

group such as

oxypropyl

ethoxysilaneand

up such as

propyl

oup such as

desinclude

mula (12) is

nium(Zr); alkoxy

itanium, inwhich

eisa
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compound obtained by polycondensation of a partiall
product of one or more of these metal alkoxides tha
hydrolyzedbyusingbasecatalyst(Z),andistypic
apartialhydrolysis polycondensationcompoundofa

In the present embodiment, preferable partial hydr
condensatesofmetalalkoxidesincludecondensates
condensates of alkoxy zirconiums, condensates of al
and condensates of alkoxy titaniums.

[0138]

Examples of the metal halides available in the pre
embodiment include compounds represented by the fol
(13).

(R¥x ,MZy (13)
[0139]

y hydrolyzed
tis partially
ally,forexample,
metal alkoxide.
olysis
ofalkoxysilanes,

koxy aluminums

sent

lowing formula

In the formula, R 14 represents hydrogen atom, alkyl group

(methylgroup, ethylgroup, propylgroupandtheli
(methoxy group, ethoxy group, propoxy group, butoxy
like), aryl group (phenyl group, tolyl group and th
carbon-carbondoublebond-containingorganicgroup
methacryloylgroup, vinylgroupandthelike) orha

group (halogenated alkyl groups such as chloropropy
fluoromethyl group and the like). Z represents F,

andy , represent an integer so that x 2ty2 <4 andx
smaller than 2. Examples of M include Li, Na, Mg,
Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Rb, Sr, Y, N

Cd, In, Sn, Sb, Cs, Ba, La, Ta, Hf, W, Ir, Tl, Pb,

metals and the like, and metals (alkoxide), which a

ke),alkoxygroup
group and the
e like),
(acryloylgroup,
logen-containing
| group,
Cl,Brorl. x
2 isequal to or
Al Si, K, Ca,
b, Zr, Mo, Ag,
Bi, rare earth

re capable of
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creating colorless metal oxide by a sol-gel reactio
Al,Zn,Zr,In,Sn, Ti, Pb, Hfand the like are pre

of the availability to use as an optical material.
silicon (Si), aluminum (Al), zirconium (Zr), titani

like are preferably used, and these may be used in
[0140]

Specific examples thereof include tetrachloro-dime
disilane, chloropropyl dichloromethylsilane,
chloromethyl(dichloro)methylsilane, di-tert-butyl d
dibutyldichlorosilane, dichloro(methyl)-n-octylsila
dichloro(methyl)phenylsilane, dichlorocyclohexylmet
dichlorodiethylsilane, dichlorodihexylsilane,
dichlorodiisopropylsilane, dichlorodimethylsilane,
dichlorodiphenylsilane, dichloroethylsilane,
dichlorohexylmethylsilane, dichloromethylsilane,
dichloromethylvinylsilane, tetrachlorosilane,
1,2-bis(trichlorosilyl)ethane, 3-chloropropyl trich
allyltrichlorosilane, butyltrichlorosilane,
cyclohexyltrichlorosilane, ethyltrichlorosilane,
hexachlorodisilane, hexachlorodisilane, phenyltrich
thexyltrichlorosilane, trichloro(methyl)silane,
trichloro(propyl)silane, trichlorohexylsilane, tric
and trichlorovinylsilane; and the corresponding flu
bromosilanesandiodosilanes;and,thecorrespondin
zirconium halide, titanium halide, cobalt halide, |
barium halide, iron halide, and manganese halide; a

thereof.

n, such as Si,
ferable,interms
Among these,
um (Ti) and the

combination.

thyl

ichlorosilane,
ne,

hylsilane,

lorosilane,

lorosilane,

hlorosilane,

orosilanes,
galuminumhalide,

ithium halide,

nd hydrates
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[0141]

Inthepresentembodiment,examplesofmetalaceta
include cobalt acetate, cobalt acetoacetate, lithiu
lithium acetoacetate, iron acetate, iron acetoaceta
acetate, manganese acetoacetate, or hydrates thereo
metalnitrateincludecobaltnitrate, lithiumnitra
manganese nitrate, orhydratesthereof. Exampleso
include titanium sulfate, zirconium sulfate, indium
sulfate, selenium sulfate, antimony sulfate, tin su
sulfate or hydrates thereof.

[0142]

The metal alkoxide and/or the partial hydrolysis ¢
arepreferableasthecomponent(W)intheapplicat
embodiment,andalkoxysilaneismorepreferableas
andin particular, tetraethoxysilane (TEOS) and tet
(TMOS) are particularly preferable, due to their be
handling-ability.

[0143]
[Mixing Ratio of Component (X) to Component (W)]

Themixingratio ofthe water-insoluble polymer pa
to the metal oxide precursor (W) is not particularl
is preferably from 1:10to0 10:1. When the amounto
(X)islarge,theproportionofthemetaloxidebec
inpoor controlonthe porous structure,andwalls
becomethin,leadingtodeteriorated mechanical str
amount of the components (W) is large, the proporti

becomes low, resulting in small surface area and po

tetypically
m acetate,
te, manganese
f. Examples of
te,ironnitrate,
fmetalsulfates
sulfate, zinc

Ifate, yttrium

ondensate

ionsofthepresent
themetalalkoxide,
ramethoxysilane

tter

rticles (X)
y limited, and
fthe components
omeslow,resulting
betweenthepores
ength. Whenthe
on of the pores

rosity, which
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offers little hope for performances as the porous m
amount of water and/or the organic solvent capable
partoforallofwater (Y)to 100 partsofthemet
(W)byweightispreferablyequaltoorlargerthan
and equal to or smaller than 100000 parts by weight
preferably equal to or larger than 50 parts by weig
orsmallerthan50000partsbyweight. Alowerrati
(Y) results in easier agglomeration of the particle
ratio is not preferable in terms of the production
Moreover,eventhougharatioofwatertothesolve
(Y) is not particularly limited, it is preferably i
0.1:100 to 1:50. A lower ratio of water results in
reduced rate of the sol-gel reaction of the metal o
condensate,andahigherratiocausesahigherreac
tothedifficultyinthecontroloftheparticlesi
amount of a catalyst (Z) for the sol-gel reaction t
the metal oxide precursor (W) by weight is preferab
largerthan10partsbyweightandequaltoorsmal
byweight. Alowerratioofthecomponent(Z)resu
reduced rate of the sol-gel reaction of the metal o
condensate, and a higher ratio causes larger partic
resulting in the difficulty in obtaining the partic
or smaller than 300 nm.
[0144]

Intheaforementionedstep(1-2),itispreferable
of mixing the component (W) in the mixture obtained

aforementioned step (1-1) to carry out the mixing o

aterial. The
of dissolving a
aloxide precursor
30partsbyweight
, and is more
htand equal to
oofthecomponent
s, and a higher
efficiency.
ntinthecomponent
n a range from
considerably
Xxide precursor
tionrate,leading
zeandshape. The
0 100 parts of
ly equal to or
lerthan1000parts
Itsinconsiderably
xide precursor
le sizes,

les of equal to

foramethod
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fthe component
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(W)inthe statethatsuchcomponentispreliminari
organic solvent miscible or partially miscible with
Preliminary dilution with the organic solvent allow
localreaction inthe solution containing the exist
forthe sol-gelreaction, sothatthe particle size
porousmetaloxidematerialareeasilycontrolled.
theorganicsolvent,theamounttol00partsofcom
is,forexample, equaltoorlargerthan10partsb
toorsmallerthan10000partsbyweight,andismo
to or larger than 100 parts by weight and equal to
1000 parts by weight. A lower dilution ratio resul
degree ofthe effects,and ahigherratiois notpr
oftheproductionefficiency. Methanol,ethanol,p
isopropylalcoholare preferable asthe organic sol
partially miscible with water. When tetraethoxysil
tetramethoxysilane (TMOS)isusedasthemetalalko
methanol are particularly preferable.
[0145]

Also, preferablereactiontemperature ofthesol-g
ofthe component (W) isequaltoorhigherthan1d
to or lower than 200 degrees C, and is more prefera
higher than 10 degrees C and equal to or lower than
and is equal to or higher than 20 degrees C and equ
than50degreesC. Alowertemperatureresultsin
rate,whichtendstocauseunevenparticlesizesan
temperature causes volatilization of the ammonia se

catalyst, and hence makes control of the particle s

lydilutedinthe
water.
s inhibiting a
ing catalyst (2)
andshapeofthe
Whendilutedwith
ponent(W)byweight
yweightandequal
repreferablyequal
or smaller than
tsin a lesser
eferableinterms
ropylalcoholand
ventmiscible or
ane (TEOS) or

xide,ethanoland

elreaction

egree Candequal
bly equal to or

100 degrees C,
al to or lower
areducedreaction
dshape. Ahigher

rving as a

ize difficult.
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The reaction time is equal to or longer than 10 min
to or shorter than 72 hours, in terms of the produc
theproductionefficiency,andismorepreferablye
than 1 hour and equal to or shorter than 24 hours.
component(W)undergoesasol-gelreactionunderat
thereaction alternatively canbe carried outunder
using an autoclave and the like.

[0146]

As the metal oxide precursor condensate undergoes
reaction, the organicandinorganiccomposite parti
Fig.2isaschematiccross-sectionalview,illustr
inorganic composite particles according to the pres

The obtained organic and inorganic composite parti
recoveredfromthereactionsolutionbyamethodsu
separation or the like. The recovered organic and
compositeparticlesarewashedwithanorganicsolv
catalystforthesol-gelreactionandwaterinorde
sol-gelreaction, and thenare sufficiently dried.
that the sol-gel reaction is finalized means ideall
inwhichallcreatesM-O-Mbonds butinreality,c
whichtransitionstothestate ofsolid (gel),alth
group (M-OR 2) and M-OH group remains.

[0147]
[Step (2)]

Instep(2),thewater-insolublepolymerparticles

from the organic and inorganic composite particles

porous metal oxide particles.

utes and equal
tion yield and
gualtoorlonger
Eventhough the
mosphericpressure,

higher pressure
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[0148]

Examplesofthemethodsofremovingthewater-inso
particlesincludes a method of decomposing them off
a method of decomposing them off by applying VUV ra
ultraviolet radiation), far infrared ray, microwave
method of extracting them off by using a solvent an
like. Inthe case of decomposing the particles off
preferable temperature is from 200 degrees Cto 100
ismorepreferablyfrom300degreesCto 700degree
low calcination temperature causes failure in remov
water-insolublepolymerparticles,andontheother
high calcination temperature may cause collapse of
temperature is closer to the melting point of metal
calcinationmaybecarriedoutataconstanttemper
temperatureelevationfromtheroomtemperaturemay
Time for the calcination process is variable depend
temperature, and the process may be preferably cond
durationwithintherangeoffromlhourto24hour
may be carried out within an air atmosphere, or may
withinanatmosphere ofaninertgas suchasnitrog
like. Alternatively,thismaybecarriedoutunder
orinvacuum. Inthecaseofdecomposingtheparti
VUVray,aVUVlamp,anexcimerlaser,oranexcime
An oxidative effect of ozone (O
VUVraymaybejointly utilized. The frequency of
be 2.45 GHz or 28 GHz. The output level of the mic

particularly limited, and the condition for success

lublepolymer
by calcination,
y (vacuum
or plasma, a
d water and the
by calcination,
OdegreesC,and
sC. Excessively
ing the
handexcessively
the pore as the
oxide. The
ature,oragradual
alsobeemployed.
ing upon the
ucted for the
S. Thecalcination
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en,argonandthe
reducedpressure,
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rlampmaybeused.

3) generated during the radiation of
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fully removing
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the water-insoluble polymer particles is selected.
[0149]

Whentheextractionisconductedbyusingthesolv
the examples of the solventinclude, ethyleneglycol
glycol,isopropylalcohol,acetone,acetonitrile,m
cyclohexane, dimethylsulfoxide, dimethylformamide,
dimethylimidazolidinone, xylene, toluene, chlorofor
dichloromethane and the like. The operation of the
be conducted while heating. Alternatively, an ultr
processing may be jointly used. In addition to abo
extracting operation, it is preferable to conduct a
processingunderareducedpressureinordertorem
solvent remaining in the pores.

[0150]

An anionic surfactant, a cationic surfactant, an a
surfactant and a nonionic surfactant or the like, a
the aforementioned method of dispersing the termina
polyolefin based copolymer particles, may coexist w
metal oxide particles, inordertoimprovethe disp
to water.

[0151]

The porous metal oxide particles may be surface-tr

an organosilicic compound (surface treatment agent)
silane couplingagent, inordertoimprovethe disp

to water, or in order to enhance the compatibility

resin to improve the mechanical strength or the wat

[0152]

entorwater,
, tetraethylene

ethanol ethanol,

m,
extraction may
asonic (US)
ve, after the
thermal

ovewaterandthe

mpholytic
s described in
| branched
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ersing stability

eated with
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Themethodofthesurfacetreatmentmaybeconduct
method, and silane coupling agents preferably used
trimethoxysilane, methyl triethoxysilane, methyl tr
dimethyldichlorosilane, trimethylchlorosilane, viny
trimethoxysilane, vinyl triethoxysilane, vinyl tric
vinyl triacetoxysilane, vinyl tris(2-methoxyethoxy)
3-methacryloyloxypropyl trimethoxysilane, 3-methacr
tris(2-methoxyethoxy)silane, 3-chloropropyl trimeth
3-chloropropyl methyl dimethoxysilane, 3-glycidylox
trimethoxysilane, 3-glycidyloxypropyl methyl dietho
2-(3,4-epoxycyclohexyl)ethyl trimethoxysilane, 5,6-
triethoxysilane, 3-ethyl-3-[3-(triethoxysilyl)propo
oxetane, N-phenyl- y-aminopropyltrimethoxysilane,
hexamethyldisilazane andthelike. Inparticular,
Ispolymerizedviaacationic polymerization, thep
includes silane coupling agents having functional g
polymerizable via a cationic polymerization, that a
3-glycidyloxypropyl trimethoxysilane, 3-glycidyloxy
diethoxysilane, 2-(3,4-epoxycyclohexyl)ethyl trimet
5,6-epoxyhexyl triethoxysilane,
3-ethyl-3-[3-(triethoxysilyl)propoxymethyl] oxetane
The above-described silane coupling agent may be us
combination of two or more thereof may be used.
[0153]

[Method of Evaluating Porous Metal Oxide Particles]

The confirmation of the structure and the confirma

poresizeoftheporousmetaloxideparticlesobtai

edbyaknown
are methyl
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I
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referable choice
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embodimentmay be conductedwithatransmissionele
( TEM/Transmission electron microscope JEM-2010F co
available from JEOL) in a condition of 200 kV. The
sizeandthe particlesizedistributioncanbeobta
the patrticles dispersed in water by dynamic light s
(particle size distribution measurementapparatus/N
TheBETspecificsurfaceareaoftheparticlescan
by a nitrogen adsorption method, and the size of th
sizeoftheporesconnectingwiththemesoporecan
by BJH method (Surface area measuring apparatus com
available from Microtrac BEL Corp., BELSORP-max).
[0154]
<Resin Composition>

The porousmetaloxideparticlesofthe presentem
be used asthey are for various types of applicatio
discussed later, or may further be used as a resin
containingthe porous metaloxideparticlesandab
resin composition will be described below.
[0155]
<Binder Resin>

The binder resins in the present embodiment means
provide bindings among the porous metal oxide parti
can be mediums for uniformly dispersing the porous
particles therein.

The type of the binder resin that can be used in t
embodiment is not particularly limited. Examples i
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that can be cured by radiation of ray such as ultra
thermoplastic resin or a water-soluble resin. Amon
having film-formability, such as polyolefin-based,
poly(meth)acrylic ester-based, polystyrene-based,
polyurethane-based, polyvinyl alcohol-based and
polyvinylacetal-based resins are preferable.
[0156]

Examplesofthermosettingresinandphotosettingr
epoxy resins, unsaturated polyester resins, phenoli
urea-melamineresins, polyurethaneresins,silicone
phthalate resins, thermosetting polyimide resins an
[0157]

Examplesofepoxyresininclude varioustypesofe
such as glycidyl ether type such as bisphenol A typ
glycidyl ester type, glycidylamine type, cyclic ali
novolactype,naphthalenetype,dicyclopentadienet
Examples of unsaturated polyester resin include var
unsaturated polyester resins such as orthophthalate
isophthalate-based, telephthalate-based, alicyclic
acid-based, aliphatic saturated acid-based, bisphen
halogen-containing acid-based, halogen-containing b
unsaturated polyester resins. Examples of phenolic
resol type, novolac type phenolic resins.

[0158]

Examples of thermoplastic resin include polyolefin

polyvinyl chloride resins, vinylidene chloride-base

polystyrene resins, acrylonitrile-butadiene-styrene
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resins,acrylonitrile-styrenecopolymerresins,sty
copolymerresins,methacrylicresins,polyvinylalc
polyvinylacetal resins (PVB), polyacetal resins, po
polycarbonate resins, modified polyphenylene ether
thermoplasticpolyesterresins,fluororesins,polyp

resins,polysulfoneresins,amorphousarylateresin

rene-basedblock
oholresins(PVA),
lyamideresins,
resins,
henylenesulfide

s,polyetherimide

resins, polyether sulfone resins, polyether ketone resins, liquid
crystal polymer resins, polyamide imide resins, the rmoplastic
polyimide resins, syndio-type polystyrene resins an d the like.
[0159]

Examples of polyolefin resin include polyethylene resins,
polypropyleneresins, a-olefincopolymerresins,polybutene-1resins,
polymethyl pentene resins, cyclic olefin-based poly mer resins,

ethylene-vinylacetate copolymerresins, ethylene-m
copolymer resins, ionomers and the like.
[0160]

Examples of polyamide resin include nylon 6, nylon
11, nylon 12 and the like.

[0161]

Examplesofthermoplasticpolyesterresininclude
terephthalate resins, polybutylene terephthalate re
polybutylene succinate resins, polylactic resins an
[0162]

Examples of fluororesins include polytetrafluoroet
resins, perfluoro alkoxy alkane resins, perfluoroet
copolymer resins, ethylene-tetrafluoroethylene copo

polyvinylidenefluorideresins, polychlorotrifluoro

ethacrylicacid

66, nylon

polyethylene
sins,

d the like.
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ethylene-chlorotrifluoroethylene copolymer resins,
tetrafluoroethylene-perfluorodioxole copolymer resi
fluoride resins and the like.

[0163]

Examples of water-soluble resin include polyvinyl
(PVA), polyvinylpyrrolidone (PVP), polyethylene gly
derivatives thereof and the like.

[0164]

Resins having film-formability such as polyolefin-
poly(meth)acrylic ester-based and polystyrene-based
preferably the polymer particles having particle si
300 um, and are capable of forming transparent coating f
roomtemperatureorwithaheatofnothigherthan
drying.

[0165]

Among the above-described binder resins, epoxy res

phenolicresins, polyimideresins,polyolefinresin

resins, and the above-described resins having film-
preferable,inviewofthedispersibilityandthev

porous metal oxide particles. One of these binder
employed alone, or two or more of these may also be
[0166]

Weight average molecular weight of the binder resi
preferably from 200 to 100,000, and is more prefera
80,000.

In view of delivering performances such as optical

characteristics, dielectric constant characteristic
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insulating properties and the like, the content of

is preferably from 30 to 95 % by mass, and is more
40t090%bymass,andthecontentoftheporousm

of the present invention is preferably from 70to 5
is more preferably from 60 to 10% by mass.
[0167]

The method of dispersing the porous metal oxide pa
the binder resin is not particularly limited and kn
applicable, and specifically for example, the follo
methods may be used.

In addition to above, the binder resin may be mixe
dispersion medium such as an organic solvent or wat
emulsion, and the resultant emulsion may be used.
[0168]

(1)Amethod,inwhichabinderresin(oremulsion

metal oxide particles are melted and kneaded with a
optionally in the presence of a solvent and/or a di

as required, to obtain a master batch containing th
oxide particles (light weighting filler) dispersed

resin.

Examplesofthekneaderinthismethodincludeab
atri-rollmillmixer,ahomogenizer mixer, alabo-
and the like.

(2) Amethod, inwhich awet processwith anadditi
agent is carried out for the porous metal oxide par
dispersesunderwater,andthenthesolvent-substit

oxideparticlesorganosolisaddedtoandmixedwit

the binderresin
preferably from
etaloxideparticles
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rticlesin
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(or emulsion thereof).

Examples of treatment agent include organosilicic compounds
(surface treatment agent) typified by the above-des cribed silane
coupling agent, or anionic surfactants, cationic su rfactants,
ampholytic surfactants nonionic surfactants and the like.

[0169]

<Film, Coating Film>

A film or a coating film can be obtained from the resin
compositionofthe presentembodiment. Thethermal conductivity of
the film or the coating film is preferably equal to or lower than
0.1 W/mK, and is more preferably equal to or lower than 0.05 W/mK.
This can improve the thermal insulation efficiency. In addition,
theHAZEvaluewhenthethicknessofthedriedfilm orthedriedcoating
filmis 10 umis preferably equal to or lowerthan 10 %, and is more
preferablyequaltoorlowerthan5%. Thisallows providingthefilm

or the coating film having higher transparency,

[0170]

The method of preparing the film or the coating fi Im is not
particularly limited and known methods are applicab le, and
specifically for example, the film is formed as fol lows.

Aglasssubstrateiscoatedwithapaintcontainin gtheporous
metaloxideparticlesbyusingabarcoaterwhilea djustingthecoating
thickness. This is dried for 1 hour to 24 hours at a temperature
of50degreesCto100degreesCinanoven,andth entheformedfilm
istornofffromtheglasssubstratetoobtainthe porousmetaloxide

particles-containing film or coating film.

[0171]
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The thermal conductivity of the film or the coatin
the presentembodiment can be measured by alaser f
addition,theHAZEvalueofthefilmorthecoating
embodiment can be measured with NDH4000, which is ¢
available from Nippon Denshoku Kogyo, assuming that
ofthedriedfilmorthedriedcoatingfilmis10
indexofthefilmcanbe measuredwith Abbe'srefra
refractive index of the thin coating film can be me
ellipsometer.
[0172]
<Applications>

The porous metal oxide material of the presentemb
beusedformedicines(DDS:drugdeliverysystem),
catalysts,adsorbentmaterials, sensors, paints, in

The resin composition comprising the porous metal
material of the present embodiment can be used for
constantmaterialssuchasprintedcircuitboards,
or inks containing functional molecules.

Thefilmsorthecoatingfilmsobtainedfromresin
ofthepresentembodimentcanbeusedforthermali
such as thermal insulation films or thermal insulat
the window glasses in motor vehicles, housings, bui
like,antireflectionfilmsfordisplaysortouchpa
[0173]

<Second Embodiment>

According to the present embodiment, a coating mat

containing the following component (A) and componen
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presented:
(A)theporousmetaloxideparticlesasdescribedi

and

(B) a curable functional group-containing compound.
[0174]

The present embodiment is to provide a coating mat
containing the porous metal oxide particle as descr
Embodiment and exhibiting sufficient scratch resist
applications thereof.

[0175]

The coating material of the present embodiment is
having the refractive index that is controllable to
is capable of having a hard coating property accord
characteristics of the binder of the component (B),
the coating material can be usedfor various types
and the desired characteristics can be effectively
example, the coating film obtained from the coating
presentembodimentcanbearrangedonthesurfaceo
devicetoprovideenhancedvisibilityandscratchr
themethod of producingthe porous metal oxide part
present invention exhibits enhanced flexibility of
design, and ratio of mesopores (porosity) existing
can be freely changed, so thatthe refractive index
adjusted.

[0176]
More specifically, the coating material of the pre

embodiment comprises the porous metal oxide particl
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in First Embodimentand the compound thatis curabl
energybeamsuchasultravioletrayorheat,haslo
and is capable of forming the transparent coat laye
embodiment will be described as follows.
[0177]
<Porous Metal Oxide Particle>

The porous metal oxide particles as described in F
Embodimentareusedforthecomponent(A)inthepr
Also, the method of producing the particles as desc
Embodiment can also be used.
[0178]
<Coating Material>

The porous metal oxide particles in the component
present embodiment is mixed with the binder of the
composed of the curable functional group-containing
the resultant mixture is used as the coating materi
preferably, an activated energy beam-curable functi
group-containing compound or a thermosetting functi
group-containing silicon compound is used as the co
composed of the curable functional group-containing
[0179]
<Activated Energy Beam-Curable Functional Group-Con

Compound>

Examples of the activated energy beam-curable func

group-containing compound specifically include (met
compounds and poly(methyl)glycidyl ether compounds.

Descriptions on the (meth)acrylate compounds will

ewith activated
wrefractiveindex,
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Preferable (meth)acrylate compounds are (meth)acryl
oligomers/monomers having two or more (meth)acryloy
one molecule. Having two or more (meth)acryloyl ox
moleculeenablesthecompoundtobecuredwithacti
suchasultravioletray,electronbeamandthelike

layer having enhanced scratch resistance.

[0180]

Morespecifically,examplesofthisincludetrieth
di(meth)acrylate, polyethyleneglycol di(meth)acryla
neopentylglycoldi(meth)acrylate,1,6-hexanedioldi
1,9-nonanediol di(meth)acrylate, dimethylol-tricycl
di(meth)acrylate, trimethylolpropane trilmeth)acryl
oxide-modified trimethylolpropane tri(meth)acrylate
pentaerythritol trilmeth)acrylate, pentaerythritol
tetra(meth)acrylate, dipentaerythritol hexa(meth)ac
bisphenol-A diglycidyl ether (meth)acrylic acid add
1,1,3,3,5,5-hexa((meth)acryloxy) cyclotriphosphozen
1,1,3,3,5,5-hexa(meth)acryloxy ethyloxy cyclotripho
the like.

Also, for the purpose of improving the scratch res
(meth)acrylate compound having urethane bond is pre
Generally thisisobtainedbyareactionofdiisoc
(meth)acrylate, and urethane (meth)acrylate oligome
reactionofacombinationofdiisocyanatewithhydr
is specifically exemplified. Examples of the diisoc
propane diisocyanate, hexamethylene diisocyanate, i

diisocyanate, methylene bis(cyclohexylisocyanate),
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vatedenergybeams

toformthecoated

yleneglycol
te,
(meth)acrylate,
odecane

ate, ethylene

rylate,
uct,
e,

sphozene and

istance,
ferably added.
yanatewithhydroxy
rs obtained by
oxy(meth)acrylate
yanate include
sophorone

trimethyl



10

15

20

25

69

hexamethylene diisocyanate, tolylene diisocyanate,
4,4-diphenylmethane diisocyanate, xylene diisocyana
diisocyanate, methyl norbornene diisocyanate and th
examples of hydroxy (meth)acrylate include 2-hydrox
(meth)acrylate, 2-hydroxypropyl acrylate, glycidol
pentaerythritol trilmeth)acrylate, pentaerythritol
tetra(meth)acrylate, ethylene glycol, polyethylene
polypropylene glycol, polytetramethylene glycol and

Amongthese,inordertoincreasethehardnessaft
this preferably has two or more functional groups a
preferably has three or more functional groups, and
pentaerythritol triimeth)acrylate as hydroxy (meth)
particularly preferable.

[0181]

In addition, (meth)acryl-based monomer having one

(meth)acryloyl group in one molecule may be blended
of adjustment of the viscosity or the like. More s
examples of this include isoamyl (meth)acrylate, la
(meth)acrylate, stearyl(meth)acrylate, butoxyethyl
ethoxy-diethyleneglycol (meth)acrylate, methoxy-tri
(meth)acrylate, methoxy-polyethyleneglycol (meth)ac
methoxydipropyleneglycol (meth)acrylate, methoxydie
(meth)acrylate, phenoxyethyl (meth)acrylate,
phenoxy-polyethyleneglycol (meth)acrylate, tetrahyd
(meth)acrylate, isobonyl (meth)acrylate, 2-hydroxye
(meth)acrylate, 2-hydroxypropyl (meth)acrylate,

2-hydroxy-3-phenoxypropyl (meth)acrylate, (meth)acr

te, norbornene
e like, and
yethyl

methacrylate,

glycol,

the like.
erthecure,
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(meth)acrylate glycidyl, 2-(meth)acryloyloxy ethyl-
2-(meth)acryloyloxyethyl-phthalic acid, isooctyl (m
isomyristyl (meth)acrylate, 2-hydroxybutyl (meth)ac
(meth)acrylate, ethyl (meth)acrylate, n-butyl (meth
isobutyl (meth)acrylate, cyclohexyl methacrylate, b
(meth)acrylate, (meth)acryloyl morpholine, perfluor
(meth)acrylate, trifluoroethyl (meth)acrylate and t
[0182]

In addition, a reactive monomer having several vin
orthiolgroupsmaybeaddedforthepurposeofthe
and the curability control.

[0183]

More specifically, N-vinyl pyrrolidone, N-vinyl ca
vinyl acetate, trimethylolpropane bis (2-mercaptoac
trimethylolpropane bis (3-mercaptopropionate), pent
tetrakis (2-mercaptoacetate), pentaerythritol
(3-mercaptopropionate) and the like may be used.
[0184]

Inaddition, in order to promote the cure with ult
heat, a photopolymerization initiator or a thermal
initiator may be added.

[0185]

Commercially available products may generally be u
photopolymerization initiator, and particular examp
include benzophenone, 2,2-dimethoxy-1,2-diphenyleth
(productofBASF,IRGACUREG651),1-hydroxy-cyclohex
(product of BASF, IRGACURE 184),

succinic acid,
eth)acrylate,
rylate, methyl
)acrylate,
enzyl

ooctyl

he like.

yl groups

viscositycontrol

rbazole,
etate),

aerythritol

ravioletor

polymerization

sed as the
lesthereof may
ane-1-one

yl-phenyl-ketone
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2-hydroxy-2-methyl-1-phenyl-propane-1-one (product
DAROCUR 1173: Product of Lamberti, ESACURE KL200),
oligo(2-hydroxy-2-methyl-1-phenyl-propane-1-one) (P
Lamberti, ESACURE KIP150),
(2-hydroxyethyl)-phenyl)-2-hydroxy-2-methyl-1-propa
(product of BASF, IRGACURE 2959), 2-methyl-1(4-(met
phenyl)-2-morpholinopropane-1-one(productofBASF
2-benzyl-2-dimethylamino-1-(4-morpholino phenyl) -
(productofBASF,IRGACURE369),bis(2,4,6-trimethy
phosphine oxide (product of BASF, IRGACURE 819),
bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyl-pentyl ph
(product of BASF, CGI403),
2,4,6-trimethylbenzoyl-diphenylphosphineoxide(=T

BASF, LUCIRIN TPO, Product of BASF, DAROCUR TPO), t
derivatives thereof and the like, and these may be

a mixture of two or more thereof may be used. The
additives is desirably within the range of from 0.0

by weight with respect to 100 parts by weight of (m
compound.

[0186]

Inaddition,forthepurposeofthephotosensitiza
tertiary amines such as, for example, triethanolami
ethyl-4-dimethylamino benzoate, isopentylmethylami
the like may be added.

[0187]
Examples of thermal polymerization initiator used

mainlyincludeperoxidessuchasbenzoylperoxide(

of BASF,

roduct of

ne-1-one

hylthio)
,IRGACURE907),

butanone-1

Ibenzoyl)phenyl

osphine oxide

MDPO:Productof
hioxanthone or
used alone, or
amount of the
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tioneffect,
ne,
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and azo compounds such as azobis isobutyl nitrile (
like.
[0188]
Poly(methyl)glycidyl ether compounds will be descr
Preferable poly(methyl)glycidyl ether compound is
oligomer/monomerhavingtwo ormore (methyl)glycidy
one molecule. Having two or more (methyl)glycidyl
one molecule enables the compound to be cured with
beams such as ultraviolet ray, electron beam and th
thecoatlayerhavingenhancedscratchresistance.
for example, the following compounds are exemplifie
Examplesofcompoundhavingtwo (methyl)glycidyle
includeethyleneglycol(methyl)diglycidylether,tr
di(methyl)glycidyl ether, tetraethylene glycol di(m
ether, polyethylene glycol di(methyl)glycidyl ether
di(methyl)glycidylether, 1,4-butanedioldi(methyl)
1,6-hexanediol di(methyl)glycidyl ether, neopentylg
(methyl)glycidyl ether and the like. Further, exam
havingthree ormore (methyl)glycidylethergroups
trilmethyl)glycidylether,trimethylolpropanetri(
ether, pentaerythritol triimethyl)glycidyl ether, p
tetra(methyl)glycidyl ether, dipentaerythritol
hexa(methyl)glycidyl ether, dipentaerythritol
penta(methyl)glycidyl ether, dipentaerythritol
tetra(methyl)glycidyl ether, carbitol polyglycidyl
like.

In order to promote the cure with ultraviolet or h

= AIBN) or the
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Morespecifically,
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photopolymerizationinitiatororathermalpolymeri
may be added.
More specifically, the type is not particularly i
one can be used provided that the compoundis capab
cationic polymerization with radiation or heat.
[0189]
Commercially available products may generally be u
photocationic polymerization initiator, and particu
thereof preferably used may include Uvacure1590 and

trade names, and are commercially available from Da

Ltd.,), ADEKA OPTOMER SP-100, SP-170, SP-172, SP-15

aretradenames,andarecommerciallyavailablefro
Kogyo Corporation), and RHODORSIL-2074 (trade name,
available from Rhodia).
One of these photocationic polymerization initiato
used alone, or two or more of these photocationic p
initiatorsmayalsobeused. Theamountoftheadd
within the range of from 0.01 to 10.0 parts by weig
to 100 parts by weight of poly(methyl)glycidyl ethe
Further, a photocationic polymerization accelerato
jointly used as required. More specifically, examp
include 9,10-dimethoxy-2-ethyl-anthracene, 9,10-die
anthracene, 2,4-diethyl thioxanthone and the like.
[0190]
Further,compoundsgenerating cationicspeciesor
by heat such as for example, a thermally latent cat

polymerization initiator, may also be jointly used.

zationinitiator
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specifically, examples of this include: triphenylsu
tetrafluoroborate, triphenylsulfonium hexafluoroant
triphenylsulfonium hexafluoroarsenate,
tri(4-methoxyphenyl)sulfonium hexafluoroarsenate,
diphenyl(4-phenylthio phenyl)sulfonium hexafluoroar
p-t-butylbenzyltetrahydrothiopheniumhexafluoroan
like; anilinium salt-type compounds such as: N,N-di
anilinium hexafluoroantimonate, N,N-dimethyl-N-benz
tetrafluoroborate, N,N-dimethyl-N-(4-chlorobenzyl)
hexafluoroantimonate, N,N-dimethyl-N-(1-phenylethyl
hexafluoroantimonate; pyridinium salt-type compound
N-benzyl-4-dimethylamino pyridinium hexafluoroantim
N-benzyl-4-diethylamino pyridinium trifluoromethane
N-(4-methoxybenzyl)-4-dimethylamino pyridinium
hexafluoroantimonate, N-(4-methoxybenzyl)-4-diethyl
pyridiniumhexafluoroantimonateandthelike;tolui
compounds such as N,N-dimethyl-N-(4-methoxybenzyl)
hexafluoroantimonate, N,N-diethyl-N-(4-methoxybenzy
hexafluoroantimonate and the like; phosphonium salt
suchasethyltriphenylphosphoniumhexafluoroantimo
phosphonium hexafluoroantimonate and the like; iodo
compounds such as: diphenyliodonium hexafluoroarsen
di-4-chlorophenyl iodonium hexafluoroarsenate, di-4
iodonium hexafluoroarsenate, di-p-tolyl iodonium
hexafluoroarsenate, phenyl(4-methoxyphenyl) iodoniu
hexafluoroarsenate and the like.

[0191]

[fonium

imonate,

senate,
timonateandthe
methyl-N-benzyl

yl anilinium

anilinium

) anilinium

S such as:

onate,

sulfonate,

amino
diniumsalt-type

toluidinium

) toluidinium

-type compounds
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The commercially available thermally latent cation
polymerization initiators include, for example, SAN
SAN-AID SI-80L, SAN-AID SI-100L, SAN-AID SI-80, SAN
SAN-AID SI-145, SAN-AID SI-150, SAN-AID SI-160 (All
andcommerciallyavailablefromSanshinChemicalln
the like.

The above-described initiators may be used alone,
combination oftwo ormorethereofmaybeused. In
canbejointlyusedaftertheirradiationtofurthe
[0192]
<Thermosetting Group-Containing Organosilicic Compo

Examples of thermosetting group-containing organos
compounds more specifically includes: 3-glycidoxypr
trimethoxysilane, 3-glycidoxypropyl methyl dimethox
3-glycidoxypropyl dimethyl methoxysilane, 3-glycido
triethoxysilane, 3-glycidoxypropyl ethyl diethoxysi
3-glycidoxypropyl diethyl ethoxysilane,
3-ethyl-3-{[3-(trimethoxysilyl)propoxy]methyl} oxet
3-ethyl-3-{[3-(triethoxysilyl)propoxy]methyl} oxeta
like.

[0193]

These compounds canformthree-dimensional network
with a heat, thereby providing increased hard coati
While these silane compounds may be used as they ar
preferableinordertofurtherincrease the reactiv
compounds after creating the state of silanol (Si-O

preliminarily hydrolyzing alkoxysilyl group with an

ic
-AID SI-60L,
-AID SI-100,
aretrade names

d.Co.,Ltd.)and
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such as aqueous hydrochloric acid or with a basic ¢
agueous ammonia, or after creating siloxane bond (S
partially condensing silanol group. Examples of pr
chelate compounds for promoting the thermal curabil
acetylacetonates; amines;aminoacids suchasglyci
Lewis acids; metal salts of organic acids and the |
central metal atom of Cu (I1), Zn (1), Co (II), Ni

Ce (1), Ta(ll1), Ti(l), Mn (1), La(lll), C

Co(Il), Fe (1l1), Al (I11), Ce (IV), Zr (IV), V (

Among these, acetylacetonate of Al (lll) or Fe (Il
preferable, intermsofthe curing conditionandth
coating solution. Theamountthereofisdesirably

of from 0.01 to 10.0 parts by weight with respect t
weight of the thermosetting functional group-contai
organosilicic compound. Further, perchloric acids

used. Examples of preferable perchloric acids incl

acid, ammonium perchlorate, magnesium perchlorate a

Inadditiontothesecompounds,varioustypesofa
as an ultraviolet absorbing agent, an antioxidizing
silicone-based surfactant, a silicone oil or the i
to the coating material composition depending on th
[0194]

Concerningtheproportionsoftheporousmetaloxi
(component(A))andthecurablefunctionalgroup-co
(component(B)), whichdependontype oftherespec
the component (A) is preferably equal to or larger

weight and equal to or smaller than 60 parts by wei

atalyst such as
i-O-Si) by
eferable metal
ity include:
neandthelike;
ike, each having
(1), Be (I1),
r(in, v (),
IV)and the like.

) are more
epotlife ofthe
withintherange

0 100 parts by

ning

can be jointly

ude perchloric

nd the like.
dditivessuch
agent, a
ke may be added

€ purposes.

depatrticles

ntainingcompound
tive components,
than 1 part by

ght, andis more
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preferably equal to or larger than 5 parts by weigh
or smaller than 50 parts by weight, and is further

to or larger than 10 parts by weight and equal to o
40 parts by weight, each based on 100 parts by weig
(A)and(B). Theproportionwithintheabove-descr
easily obtaining the coating film having lower refr
enhanced scratch resistance.

The preparation of the coating material may be con
aknownmethodandisnotparticularlylimitedtoa
andanexamplethereofisasfollows. Firstofall
the componentis mixedin alight-blocking browngl
plastic container and is completely mixed while the
materialcompositionisheatedasrequired(roughly
than50degreesC). Further,othercomponentsare
and the mixture is sufficiently mixed. Further, su
deaeration in the stationary condition is achieved
hard coating material composition. While the mixin
by using a magnetic stirrer or a stirring device, o
as a mixer, a shaker or the like may alternatively
depending upon the amount or the viscosity thereof.

When the solventis added, the examples of availab
include methyl alcohol, ethyl alcohol, isopropyl al
dimethylformamide (DMF), N,N'-dimethylacetamide,
N-methyl-2-pyrrolidone, 2-methoxyethanol (methyl ce
2-ethoxyethanol (ethylcellosolve), 2-butoxyethanol
(butylcellosolve), polyethylene glycol methyl ether

polyethyleneglycolmethyletheracetate(PEGMEA),

tand equal to
preferably equal
r smaller than

ht of the sum of
ibedrangesallows

activeindexand

ducted by
nyspecificmethod,
,adesiredamount
ass container or
hard coating
equaltoorlower
addedasrequired,
fficient
to provide the
giscarriedout
ther choice such

be adopted,

le solvent

cohol,

llosolve),

(PEGME),

diacetonealcohol
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(DAA), ethyleneglycol, tetrahydrofuran, dioxane, to
like. The viscosity of the coating solution is con
method of coating to the base material, and is pref
cp to 10000 cp, and is more preferably from 0.5 cp
is further preferably from 1 cp to 100 cp.

[0195]

<Formation of Coating Film>

Methods of dipping, spin coating, spraying and the
be adopted for coating onto a base material.
[0196]

Mercury lamps of low pressure, high pressure, extr
pressureandthelike,chemicallamps, metalhalide
maybeusedasthelightsourcerequiredfortheph
Timedurationforthephotopolymerizationisprefer
to 10 minutes. The time duration shorter than 1 se
insufficient photocuring, and the time duration lon
minutesmaypossiblyleadtodeteriorationsofthe
materialtocausecoloring,crackorthelike. The
out after the coating on the base material is compl
solvent is dried off as required. The drying tempe
aredeterminedbyboilingpointoftheusedsolvent
conditionrequiredforthethermalpolymerizationi
toorhigherthan50degreesC, andis preferably e
than80degrees C,andisfurther preferablyequal
100degrees C, whilethe temperature is determined
boilingpointofthesolventused, thethermalresi

of the base material, and the type of thermal polym

luene and the
trolled for the
erably from 0.1

to 500 cp, and

like may

a high
lampsorthelike
otopolymerization.
ablyfromlsecond
cond results in
ger than 10
coatfiimandbase
curingiscarried
eted, and the
rature and time
. Thetemperature
sgenerallyequal
gualtoorhigher
toorhigherthan
accordingtothe
stanttemperature

erization
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initiator.

While the characteristics of the coating film afte
are notparticularly limited, the refractive index
nm) of Na is preferably equal to or lower than 1.45
preferably equal to or lower than 1.40.

[0197]
<Applications>

Lowrefractiveindex coatmaterials ofthe present
maybeusedfor:imagedisplaydevicessuchasali
a CRT display, a projection display, a plasma displ
electroluminescence display, a reflection screen an
coating materials for antireflective flmsuchasa
thelike;andantireflectivecoatingsforspectacle
[0198]

Whilepreferableembodimentsofthepresentinvent
describedabove, itisintendedtopresenttheseem
purpose of illustrations of the presentinventiono
types of configurations other than those described
be adopted.

EXAMPLES
[0199]

While the present invention will be further specif
described below in reference to Example A and Examp
intendedtolimitthescopeofthepresentinventio
[0200]

[Example A]

(SynthesisExample of Terminal Branched Polyolefin

rthe cure
inD-line (589.6

, and is more

embodiment
quidcrystaldisplay,
ay, an
d the like;
touch paneland

lensandthelike.

ionhavebeen
bodimentsforthe
nly,andvarious

above may also

ically
le B, itis not

ntotheseExamples.

Based Copolymer)
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Numberaveragemolecularweight(Mn),weightavera
weight(Mw)and molecularweightdistribution (Mw/M
by methods described in the descriptions with a gel
chromatography (GPC). In addition, the peak top te
wasobtainedbyameasurementwithdifferentialsca
(DSC)isemployedasthe meltingpoint(Tm). Inad
melting point of polyalkylene glycol moiety was als
depending onthe measurementconditions, thisindic
pointofpolyolefinmoietyunlessotherwise particu
In *H-NMR, the polymer was completely dissolved in
deuterated-1,1,2,2-tetrachloroethanewhichwasalo
solvatingmediainameasurementsampletube,andt
was carried outat 120 degrees C. Concerning chemi
ofdeuterated-1,1,2,2-tetrachloroethanewasdefined
then chemical shift values of other peaks were dete
Concerning the particle sizes of particles in the d
mean particle size by volume was measured with Micr
(commerciallyavailablefromHONEYWELL). Thesampl
200folds-500foldsandwasnegativelystainedwi
acid, and then the observation of the shape of the
dispersion was carried out with transmission electr
(TEM/H -7650 commercially available from Hitachi, L
condition of 100 kV.
[0201]
(Synthesis Example of Terminal Branched Polyolefin
(M)

Terminal epoxy group-containing ethylene polymer (

gemolecular
n)were measured
permeation
mperature which
nningcalorimetry
dition,whilethe
o identified
atesthemelting

larlyindicated.

ckingsolventand
henthemeasurement
cal shifts, peak
asb5.92ppm,and
rmined.
ispersion, 50 %
otrack UPA
ewasdilutedto
thphosphotungstic
particlesinthe
on microscope

td.) under the

Based Copolymer

E) was
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synthesizedaccordingtothefollowing procedures (
Synthesis Example 2 in Japanese Laid-Open Patent Pu
2006-131870).

1000 ml of heptane was placed at a room temperatur
stainless-steel autoclave having a capacity of 2000
sufficientlysubstitutedwithnitrogen,andwashea
C. Successively, the autoclave was pressurized wit
kg/cm 2G, and the temperature was maintained. 0.5 ml (0.5
hexanesolutionofMMAO(commerciallyavailablefro
(aluminumatomconversion1.00mmol/ml)wasinjecte
andthen0.5ml(0.0001 mmol)ofatoluenesolution
of the compound represented by the following genera
was injected with a pressure to initiate the polyme
polymerization was carried outunder ethylenegasa
degrees C for 30 minutes, and then the polymerizati
byinjectingasmallamountofmethanolwithapres
polymersolutionwasaddedin3litersofmethanol
amountofhydrochloricacidto precipitate polymers
with methanol, this was dried under reduced pressur
C for 10 hours to obtain ethylene-based polymer hav
at one terminal (P).

[0202]

forexample, see

blication No.

eina
ml, which was
tedto150degrees
hethyleneto 30
mmol) of
MTOSOHFINECHEM)
dwithapressure,
(0.0002mmol/ml)
| formula (14)
rization. The
tmosphere at150
on was stopped
sure. Theobtained
containingasmall
. Afterwashing
e at 80 degrees

ing double bond
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Ph

[0203]
100 g (vinyl group 108 mmol, assuming Mn is 850) o
above-described ethylene-based polymer having doubl

terminal (P-1), 300 g of toluene, 0.85 g (2.6 mmol)

(14)

f the
e bond at one

of Na ,>WQ, 0.60

g(1.3mmol)of CH 3(NC gH7) sNHSQand 0.11 g (1.3 mmol) of phosphoric

acid were added into a 500 ml separable flask, and
refluxedwhilestirringfor30minutestocompletel

After the internal temperature was reached to 90 de
30% hydrogen peroxide water (326 mmol)wasdropped
and thenwas stirred at the internal temperature of
Cfor3hours. Then, 34.4 g (54.4 mmol) of 25 % so
aqueous solution was added thereto while maintainin
C and was stirred for 30 minutes, and it was found
test paper that peroxides in the reaction system wa
decomposed. Then,200gofdioxanewasaddedthere
temperature of 90 degrees C to crystallize the prod
resultant solid was collected via filtering, and wa

dioxane. The obtained solid was stirred in a50 %

was heated to be

ymelithepolymer.

greesC,37gof
forthree hours,
90-92degrees
dium thiosulfate
g at90 degrees
with a peroxide
s completely
toataninternal
uct, and the
s washed with

methanol aqueous
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solution at room temperature, and then the solid wa s collected by
a filtration and was washed with methanol. The sol id was further
stirredin400g of methanol,andthenwas collecte dby afiltration

and was washed with methanol.

The resultant product was dried at room temperature under reduced
pressure of 1 to 2 hPa to obtain 96.3 g of terminal epoxy
group-containingethylenepolymer(E)inawhiteso lidform(yields:

99%, polyolefin conversion ratio: 100%).
Theobtainedterminalepoxygroup-containingethyl enepolymer
(E) exhibited: Mw=2058,Mn=1118and Mw/Mn=1.8 4(GPC)(terminal

epoxide group content: 90 mol%).

'H-NMR: 5 (C2D2Cl4) 0.88 (t, 3H, J = 6.92Hz), 1.18-1.66 (M), 2.38
(dd,1H,J=2.64,5.28Hz),2.66(dd,1H,J=4.29, 5.28Hz),2.80-2.87
(m, 1H).

melting point (Tm): 121 degrees C.

[0204]

84partsbyweightofterminalepoxygroup-contain ingethylene
polymer (E), 39.4 parts by weight of diethanolamine and 150 parts
by weight of toluene were put in a 1000 mL flask, a nd was stirred
at150degreesCfor4hours. Then,acetonewasad dedwhile cooling
to precipitate the reaction product, and a solid su bstance was
collected by filtration. The obtained solid was wa shed while
stirringwithacetone agueoussolutionforonetime andfurtherwith
acetoneforthreetimes,andthenasolidwascolle ctedbyfiltration.
Then, the resultant product was dried at room tempe rature under
reduced pressure to obtain polymer (I) (Mn=1223, inthe following

general formula (9), A: a group formed by the polym erization of
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ethylene(Mn=1075) R =R 2=hydrogenatom,oneofY
group, and the other is bis(2-hydroxyethyl) amino g
IH-NMR: 5(C2D2Cl4)0.88(t,3H,J=6.6Hz),0.95-1.92(m),
(m, 6H), 3.54-3.71 (m, 5H).

melting point (Tm): 121 degrees C.

[0205]
R! R2

Y1—(|:—<.|':—Y2 (9)
A h

[0206]

20.0 parts by weight of polymer (I) and 100 parts
of toluene were putin a 500 mL flask equipped with
tubes, a thermometer, cooling tubes and a stirring
the heating was carried out in an oil bath of 125 d
stirring to completely dissolve the solid substance
cooledto90degrees C, 0.323 parts by weight of 85
preliminarily been dissolved in 5.0 parts by weight
addedtotheflask,andwas mixed underthereflux
hours. Then, water and toluene were distilled off
raisingthetemperatureintheflaskto120degrees
internal pressure of the flask was reduced while su
amount of nitrogen, and internal temperature was fu
to150degreesC,andthentheconditionsweremain
to further distilling water and toluene off from th
being cooledtoroomtemperature, the solid substan

the flask was crushed, and was taken out.

tandY ‘Zishydroxyl
roup).

2.38-2.85

by weight
nitrogen supply
apparatus, and
egrees C while
. After being
% KOH, which had
of water, was
conditionfortwo
while gradually
C. Further,the
pplying a small
rther increased
tainedfor4hours
e flask. After

cesolidifiedin
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[0207]

18.0 parts by weight of the obtained solid substan
partsbyweightofdehydratedtoluenewereputina
reactormadeofstainlesssteelhavingaheatingun
a thermometer, a pressure gauge, and safety valves,
gas phasewasreplacedwith nitrogen, the temperatu
to130degreesCwhilestirring. 30minuteslater,
ofethyleneoxidewasadded,andafterbeingmainta
C for further 5 hours, it was cooled to room temper
thereactant. Theobtainedreactantwasdriedtor
toobtainterminalbranchedpolyolefinbasedcopoly
ingeneralformula(1), A:agroupwhichisformed
of ethylene (Mn=1075); R
group represented by general formula (6) (X
group)andthe otherisgrouprepresented by genera
= Q? = ethylene group, X
'H-NMR 5 (C2D2Cl4)0.88 (3H,t,J=6.8Hz), 1.06-1.50 (M),
(m), 3.33-3.72 (m).
meltingpoint(Tm):-16degreesC(polyethylenegly
C.
[0208]
<Example of Preparing Water Dispersion of Terminal
Polyolefin Based Copolymer Particles>
(Preparation of Water Dispersion of 20% by weight T
Polyolefin Based Copolymer (T))

10 parts by weight of (A) terminal branched polyol

copolymer (T) obtained in the aforementioned Synthe

=R 2=hydrogen atom; one of X

ce and 200
1.5L pressurizing
it,astirrerunit,

and after the
rewasincreased
9.0partsbyweight
inedat130degrees
ature to obtain
emovethesolvent
mer(T)(Mn=1835,
by polymerization

tandX Z2is

11 = polyethylene glycol

[formula(5) (Q

9 = X 19 = polyethylene glycol group)).

2.80-3.20

col),116degrees

Branched

erminal Branched

efin based

sis Example and
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40partsbyweightofdistilledwaterservingas(C
placedina 100 mlautoclave, and after heating and
degrees C at the speed of 800 rpm for 30 minutes, i
roomtemperature while continuing the stirring. 50
size by volume of the obtained dispersed system was

mean particle size by volume: 0.014

)thesolventwere

stirring at 140
t was cooled to

% mean particle

0.018 um(10%

um, 90 % mean particle size by

volume: 0.022 um). The particle sizes of the obtained dispersed

system determined from the observation results thro

transmission electron microscope were from 0.015 to

[0209]

Example al

(Synthesis of Porous Silica Particles 1)
1mLofwaterdispersionofterminalbranchedpoly

copolymer(T),whichwasdilutedto 1% byweight,

ammonia aqueous solution were added in an ethanol/w

mL) mixture liquid, and the resultant was stirred u

ugh the
0.030 um.

olefinbased
and0.4mLof28%
ater (10mL/2.5

ntil it became

homogeneous. 20 uL of TEOS was added thereto with a micropipette.

Then,theresultantwasstirredatroomtemperature
obtained silica/terminal branched olefin copolymer
particles were separated and collected by centrifug
andwerefurtherwashedwithethanol. Theobtained

by using a vacuum dryer. The temperature was eleva
temperature to 550 degrees C at a rate of 3.5 degre
further, calcination was carried out at 550 degrees
toremoveterminalbranched olefincopolymercompos
obtain the porous silica particles.

It was found that the porous silica particles were

for6hours. The
composite
al separation,
powderwasdried
ted from room
es C/min., and
C for 4 hours

ite particlesto

obtained,
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which had 50 % mean patrticle size by volume of 90 n
1.38 according tothe measurementswith DLS, and al
pores of 10 to 20 nm in the interior thereof accord
observation. The investigations on the pore struct

nitrogenadsorptionprocessshowedthattheBETspe

was 108 m ?/g, and the value calculated using BJH method from

adsorption isothermal curve (BJH pore diameter) was
value calculated using BJH method from the desorpti
curve (connecting section) was equal to or lower th
therefore it was found that the three-dimensional ¢
structure, in which the pores are mutually connecte
Inadditiontoabove, inthe section Aofthe pres
the measurements with DLS were carried out by using
distributionmeasurementapparatus/nanotrack WAVE
of being dispersed in water. In addition, silica w
porous particles and water was used as the dispersi
therefore the measurements were carried out by assu
refractiveindexofsilicais1.44andtherefracti
is 1.0.
[0210]
Example a2
(Synthesis of Porous Silica Particles 2)
The poroussilicaparticles were obtained by amet

to that employed in Synthesis 1, except that the qu

m and D90/D50 of
socontainedthe
ing to the TEM

ure in the

cificsurfacearea

the
13 nm and the
on isothermal
an 4 nm, and
ubic phase
d, was created.
entExample,
aparticle size
inthecondition
as used as the
on solvent, and
ming that the

veindexofwater

hod similar

antity of TEOS

was changed to 12.5 uL and the stirring time was for 4 hours.

It was found that the porous silica particles were

which had 50 % mean patrticle size by volume of 70 n

obtained,

m and D90/D50 of
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1.32accordingtothe measurementswithDLS, andal

pores of 10 to 30 nm in the interior thereof accord

observation. TheBETspecificsurfaceareawas105

calculatedusingBJHmethodfromtheadsorptioniso

pore diameter) was 14 nm and the value calculated u

fromthedesorptionisothermal curve (connectingse

to or lower than 4 nm, and therefore it was found t

three-dimensional cubic phase structure, in which t

mutually connected, was created.

[0211]

Example a3

(Synthesis of Porous Silica Particles 3)
20mLofwaterdispersionof15%byweightofterm

polyolefin based copolymer (T) and 5 mL of 28 % amm

solutionwereaddedto400mLofethanol,andther

until it became homogeneous. 3 mL of TEOS was adde

amicropipette. Then,the solutionwas stirred at
for48hours. Theobtainedsilica/terminalbranche
composite particles were separated and collected by
separation, and were further washed with ethanol.
powder was dried by using a vacuum dryer. The temp
elevatedfromroomtemperatureto550degreesCat
C/min., and further, calcination was carried out at
for 4 hours to remove terminal branched olefin copo
particles to obtain the porous silica particles.

It was found that the porous silica particles were

which had 50 % mean patrticle size by volume of 75 n

socontainedthe
ing to the TEM
m?/g,andthevalue
thermalcurve(BJH
sing BJH method
ction)wasequal
hat the

he pores were

inalbranched
onia aqueous
esultantwasstirred
d thereto with
roomtemperature
dolefincopolymer
centrifugal
The obtained
erature was
arateof3.5degrees
550 degrees C

lymer composite

obtained,

m and D90/D50 of



10

15

20

25

89

1.32accordingtothe measurementswithDLS, andal
pores of 10 to 30 nm in the interior thereof accord
observation. TheBETspecificsurfaceareawas102
calculatedusingBJHmethodfromtheadsorptioniso
pore diameter) was 14 nm and the value calculated u
fromthedesorptionisothermal curve (connectingse
to or lower than 4 nm, and therefore it was found t
three-dimensional cubic phase structure, in which t
mutually connected, was created.
[0212]
Example a4
(Synthesis of Porous Silica Particles 4)
40mLofwaterdispersionof15%byweightofterm
polyolefin based copolymer (T) and 3 mL of 28 % amm
solutionwere addedto 150 mL ofethanol,andthem
stirred until it became homogeneous. TEOS/ethanol
was added at a time. Then, the resultant was stirr
temperature for 24 hours. The obtained silica/term
olefin copolymer composite particles were separated
bycentrifugalseparation,andwerefurtherwashed
obtained powderwas dried by usingavacuumdryer.
was elevated fromroomtemperatureto 550 degrees C
degrees C/min., and further, calcination was carrie
degrees C for 4 hours to remove terminal branched o
composite particles to obtain the porous silica par
It was found that the porous silica particles were

which had 50 % mean patrticle size by volume of 80 n

socontainedthe
ing to the TEM
m?/g,andthevalue
thermalcurve(BJH
sing BJH method
ction)wasequal
hat the

he pores were

inalbranched
onia aqueous
ixture liqguidwas
(8.7 mL/35 mL)
ed at room
inal branched
and collected
withethanol. The
The temperature
atarateof3.5
d out at 550
lefin copolymer
ticles.
obtained,

m and D90/D50 of
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1.30accordingtothe measurementswithDLS, andal
pores of 10 to 30 nm in the interior thereof accord
observation. TheBETspecificsurfaceareawas105
calculatedusingBJHmethodfromtheadsorptioniso
pore diameter) was 14 nm and the value calculated u
fromthedesorptionisothermal curve (connectingse
to or lower than 4 nm, and therefore it was found t
three-dimensional cubic phase structure, in which t
mutually connected, was created.

[0213]

Example a5

(Synthesis of Porous Silica Particles 5)

72 mL of water dispersion of 15% by weight termina
polyolefin based copolymer (T) and 14.4 mL of 28 %
solutionwereaddedto500mLofethanol,andther
untilitbecame homogeneous. TEOS/ethanol (36 mL/1
triethoxysilane (triethoxy(ethyl)silane)/ethanol (3
were added at a time. Then, the resultant was stir
temperature for 4 hours. The obtained silica/termi
olefin copolymer composite particles were separated
bycentrifugalseparation,andwerefurtherwashed
obtained powderwas dried by usingavacuumdryer.
was elevated fromroomtemperatureto 550 degrees C
degrees C/min., and further, calcination was carrie
degrees C for 4 hours to remove terminal branched o
composite particles to obtain the porous silica par

It was found that the porous silica particles were

socontainedthe
ing to the TEM
m?/g,andthevalue
thermalcurve(BJH
sing BJH method
ction)wasequal
hat the

he pores were

[ branched
ammonia aqueous
esultantwasstirred
44 mL)andethyl
.6 mL/14.4 mL)
red at room
nal branched
and collected
withethanol. The
The temperature
atarateof3.5
d out at 550
lefin copolymer
ticles.

obtained,
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which had 50 % mean patrticle size by volume of 80 n
1.32 according tothe measurementswith DLS, and al
pores of 10 to 30 nm in the interior thereof accord
observation (Fig. 3). The BET specific surface are
and the value calculated using BJH method from the
isothermalcurve(BJHporediameter)wasl1lnmand
using BJH method from the desorption isothermal cur
section)was equalto orlowerthan4nm,andthere
thatthethree-dimensionalcubicphasestructure, i
were mutually connected, was created.
[0214]
Example a6
(Synthesis of Porous Silica Particles 6)
10.6mLofethanol,1.8mLofdeionizedwater,0.8
branched polyolefin based copolymer (T) water dispe
prepared to be 15 % by weight, and 0.4 mL of 28 % a
solutionwereaddedtoaflaskofS50mL,andthere
forl5minutes. Then,asolutionpreparedbydilut
with4.4mLofethanolwasaddedthereto,andther
at room temperature for 24 hours. The obtained sil
branched olefin copolymer composite particles were
collected by centrifugal separation (11000 rpm, 15
after being washed with ethanol for 3 times, the pr
at 80 degrees C overnight. The temperature was ele
temperature to 600 degrees C in 2 hours, and furthe
wascarriedoutat600degreesCfordhourstorem

olefin copolymer composite particles to obtain the

m and D90/D50 of
socontainedthe
ing to the TEM
awas194m ?/g,
adsorption
thevaluecalculated
ve (connecting
foreitwasfound

nwhichthepores

mLofterminal
rsion whichwas
mmonia aqueous
sultantwasstirred
ingl.1mLofTEOS
esultantwasstirred
ica/terminal
separated and
minutes), and
oduct was dried
vated from room
r, calcination
oveterminalbranched

porous silica
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particles.

It was found that the porous silica particles were
which had 50 % mean particle size by volume of 123
of 1.35 according to the measurements with DLS, and
the pores of 10 to 20 nm in the interior thereof ac
TEM observation. The investigations on the pore st

nitrogenadsorptionprocessshowedthattheBETspe

obtained,
nm and D90/D50
also contained
cording to the
ructure in the

cificsurfacearea

was 183 m ?/g, and the value calculated using BJH method from the

adsorption isothermal curve (BJH pore diameter) was
value calculated using BJH method from the desorpti
curve (connecting section) was equal to or lower th
therefore it was found that the three-dimensional ¢
structure, inwhichthe poreswere mutually connect
[0215]
Example a7
(Synthesis of Porous Silica Particles 7)
9.72mLofethanol,1.8mLofdeionizedwater,0.8
branched polyolefin based copolymer (T) water dispe
prepared to be 15 % by weight, and 0.4 mL of 28 % a
solutionwereaddedtoaflaskofS0mL,andthere
for 15 minutes. Then, a solution prepared by dilut
TEOS with 5.28 mL of ethanol was added thereto, and
was stirred at room temperature for 24 hours.
The obtained silica/terminal branched olefin copoly
particles were separated and collected and collect
separation (11000 rpm, 15 minutes), and after being

ethanolfor3times,theproductwasdriedat80de

15 nm and the
on isothermal
an 4 nm, and
ubic phase

ed, wascreated.

mLofterminal
rsion whichwas
mmonia aqueous
sultantwasstirred
ing 1.32 mL of

the resultant

mer composite
by centrifugal
washed with

greesCovernight.
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The temperature was elevated from room temperature to 600 degrees
Cin2hours,andfurther, calcinationwascarried outat600degrees
Cfor4hourstoremoveterminalbranchedolefinco polymercomposite

particles to obtain the porous silica particles.

It was found that the porous silica particles were obtained,
which had 50 % mean particle size by volume of 142 nm and D90/D50
of 1.41 according to the measurements with DLS, and also contained
the pores of 10 to 20 nm in the interior thereof ac cording to the
TEM observation. The investigations on the pore st ructure in the
nitrogenadsorptionmethodshowedthatthe BET spec ificsurfacearea
was 153 m ?/g, and the value calculated using BJH method from the
adsorption isothermal curve (BJH pore diameter) was 12 nm and the
value calculated using BJH method from the desorpti on isothermal
curve (connecting section) was equal to or lower th an 4 nm, and
therefore it was found that the three-dimensional ¢ ubic phase
structure, inwhichthe poreswere mutually connect ed, wascreated.
[0216]

Example a8

(Synthesis of Porous Silica Particles 8)

The poroussilica particleswere obtained by amet hod similar
to that employed in Example a6, except that deioniz ed water was 2
mL and water dispersion of the terminal branched po lyolefin based
copolymer (T) which was prepared to be 15 % by weig htwas 0.6 mLin
Example a6.

It was found that the porous silica particles were obtained,
which had 50 % mean particle size by volume of 242 nm and D90/D50

of 1.74 according to the measurements with DLS, and also contained
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the pores of 10 to 20 nm in the interior thereof ac
TEM observation. The investigations on the pore st

nitrogenadsorptionprocessshowedthattheBETspe

was 102 m ?/g, and the value calculated using BJH method from

adsorption isothermal curve (BJH pore diameter) was
value calculated using BJH method from the desorpti
curve (connecting section) was equal to or lower th
therefore it was found that the three-dimensional ¢
structure, inwhichthe poreswere mutually connect
[0217]

Example a9

(Synthesis of Porous Silica Particles 9)

The poroussilica particleswere obtained by amet
to that employed in Example a7, except that deioniz
mL and water dispersion of the terminal branched po
copolymer (T) which was prepared to be 15 % by weig
Example a7.

It was found that the porous silica particles were
which had 50 % mean particle size by volume of 251
of 1.36 according to the measurements with DLS, and
the pores of 10 to 20 nm in the interior thereof ac
TEM observation. The investigations on the pore st

nitrogenadsorptionprocessshowedthattheBETspe

was 88 m ?/g, and the value calculated using BJH method from

adsorption isothermal curve (BJH pore diameter) was
value calculated using BJH method from the desorpti

curve (connecting section) was equal to or lower th

cording to the

ructure in the
cificsurfacearea

the

14 nm and the

on isothermal

an 4 nm, and

ubic phase

ed, wascreated.

hod similar
ed water was 2
lyolefin based

htwas 0.6 mLin

obtained,
nm and D90/D50
also contained
cording to the
ructure in the
cificsurfacearea

the

13 nm and the
on isothermal

an 4 nm, and
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therefore it was found that the three-dimensional ¢
structure, inwhichthe poreswere mutually connect
[0218]

Reference Example al

(Synthesis of Silica Particles)

0.1 mL of 28 % agueous ammonia was added to 5 mL o
andwas stirred, and TEOS/ethanol (0.1 mL/0.4 mL)w
and was stirred for 4 hours. This mixture was drie
silica particles.

It was found from the measurements with DLS that t
silica particles having 50 % mean particle size by
andD90/D50was1.2wereobtained. Still,noneof
intheinteriorofthesilicaparticlesinthe TEM
4). The BET specific surface area was 20 m ?lg.
[0219]

Comparative Example al
(Synthesis of Porous Silica Particles 10)

8.2 mg of cationic surfactant CTAB (cetyltrimethyl
bromide) was dissolved in ethanol/water (10 mL/2 mL
28 % ammonium water was added thereto, and was stir
TEOSwasadded,andwasstirredfor4hours. Theo
composite particles were separated and collected by
separation, and were further washed with ethanol.

powder was dried by using a vacuum dryer. The temp

ubic phase

ed, wascreated.

f ethanol
as furtheradded

d to obtain the

he porous
volume of 150 nm
porewasconfirmed

observation(Fig.

ammonium
),and 0.2 mL of
red. 0.1 mL of
btainedsilica/CTAB
centrifugal
The obtained

erature was

elevatedfromroomtemperatureto550degreesCat arateof3.5degrees

C/min., and further, calcination was carried out at

for 4 hours to remove CTAB to obtain the porous sil

550 degrees C

ica particles.
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It was found from the measurements with DLS that t
silica particles having 50 % mean particle size by
and D90/D50 was 1.3 were obtained. In addition, in
Comparative Example a1, it was difficult to determi
the pores in the interior of the particles by the T
In addition, the BET specific surface areawas 32 m
the pore sizes obtained in BJH method from the adso
the desorption side were 2 nm. It was estimated th
two-dimensional cylinder structure.
[0220]
Comparative Example a2
(Synthesis of Porous Silica Particles 11)

The poroussilica particleswere obtained by amet
to that employed in Synthesis 10, except that the g
was changed to 10.2 mg.

It was found from the measurements with DLS that t
silica particles having 50 % mean particle size by
and D90/D50 was 1.3 were obtained. In addition, th
observing the particles by the TEM are shown in Fig
specificsurfaceareawast4m
using BJH method from the adsorption side and the d
were 2 nm. It was estimated that the pore had two-
cylinder structure.
[0221]
Comparative Example a3
(Synthesis of Porous Silica Particles 12)

The poroussilicaparticles were obtained by amet

he porous
volume of 300 nm
the present
ne the sizes of
EM observation.
2/g, and both of
rption side and

at the pore had

hod similar

uantity of CTAB

he porous
volume of410 nm
e results of

.5. The BET

2/g,andbothoftheporesizescalculated

esorption side

dimensional

hodsimilar
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to that employed in Synthesis 10, except that the g
was changed to 20.5 mg.

It was found from the TEM observation that only pa
irregular shapes that are not spherical were obtain
[0222]

Example al0
(Preparation of Water Dispersion of Porous Silica P
72mLofwaterdispersionof15%byweightofterm
polyolefin based copolymer (T) and 14.4 mL of 28 %
solutionwereaddedto500mLofethanol,andthem
untilitbecame homogeneous. TEOS/ethanol (36 mL/1
triethoxysilane (Triethoxy(ethyl)silane)/ethanol (3
were added at a time. Then, the resultant was stir
temperature for 4 hours. The obtained silica/termi
olefin copolymer composite particles were separated
bycentrifugalseparation,andwerefurtherwashed
obtained powderwas dried by usingavacuumdryer.
was elevated fromroomtemperatureto450degreesC
degrees C/min., and further, calcination was carrie
degrees C for 4 hours to remove terminal branched o
composite particles to obtain the porous silica par
the powder of the porous silica particles were adde
water,andthedispersingprocesswasconductedby
After the dispersing process, a homogeneous dispers
precipitationwasobtained. Apartofthedispersi
theTEMobservationoftheobtainedparticleswasc

that the porous structure was maintained (Fig. 7 an

uantity of CTAB

rticles of

ed (Fig. 6).

articles)
inalbranched
ammonia water
ixturewasstirred
50mL)and ethyl
.6mL/14.4mL)
red at room
nal branched
and collected
withethanol. The
The temperature
atarateof3.5
d out at 550
lefin copolymer
ticles. 10gof
d to 500 mL of
usingabeadmill.
ion without
onwasdried,and
onductedtoconfirm

d Fig. 8).
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It was found that the porous silica particles were
which had 50 % mean patrticle size by volume of 80 n
1.3 according to the measurements with DLS, and als
pores of 10 to 30 nm in the interior thereof accord
observation. Inaddition,theBETspecificsurface
and the value calculated using BJH method from the
isothermalcurve(BJHporediameter)wasllnmand
using BJH method from the desorption isothermal cur
section) was equaltoorlowerthan4 nm,andthere
thatthethree-dimensionalcubicphasestructure, i
were mutually connected, was created (Figs. 9(a) an
[0223]
Example all
(Preparation of Ethanol Dispersion of Porous Silica
72mLofwaterdispersionof15%byweightofterm
polyolefin based copolymer (T) and 14.4 mL of 28 %
solutionwereaddedto500mLofethanol,andthem
untilitbecame homogeneous. TEOS/ethanol (36 mL/1
triethoxysilane(Triethoxy(ethyl)silane)/ethanol
were added thereto at a time. Then, the resultant
roomtemperaturefor4hours. Theobtainedsilica/
olefin copolymer composite particles were separated
bycentrifugalseparation,andwerefurtherwashed
obtained powderwas dried by usingavacuumdryer.
was elevated fromroomtemperatureto 450 degrees C
degrees C/min., and further, calcination was carrie

degrees C for 4 hours to remove terminal branched o

obtained,
m and D90/D50 of
o contained the
ing to the TEM
areawas235m /g,
adsorption
thevaluecalculated
ve (connecting
foreitwasfound
nwhichthepores

d 9(b)).

Particles)
inalbranched
ammonia water
IXxturewasstirred
50mL)and ethyl
(3.6mL/14.4mL)
was stirred at
terminalbranched
and collected
withethanol. The
The temperature
atarateof3.5
d out at 550

lefin copolymer
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composite particles to obtain the porous silica par
powderoftheporoussilicaparticleswereaddedto
andthedispersingprocesswasconductedbyconduct
(US) processing for 30 minutes. After the dispersi
homogeneous dispersion without precipitation was ob
ofthedispersionwasdried,andthe TEMobservatio
particles was conducted to confirm that the porous
maintained.

It was found that the porous silica particles were
which had 50 % mean patrticle size by volume of 80 n
1.3 according to the measurements with DLS, and als
pores of 10 to 30 nm in the interior thereof accord
observation. Inaddition,theBETspecificsurface
and the value calculated using BJH method from the
isothermalcurve(BJHporediameter)wasllnmand
using BJH method from the desorption isothermal cur
section) was equaltoorlowerthan4 nm,andthere
thatthethree-dimensionalcubicphasestructure, i
were mutually connected, was created.
[0224]
Comparative Example a4

15 parts by weight of methanol serving as a solven
to 10 parts by weight of tetramethoxysilane (TMOS),
atroomtemperature. lpartbyweightoflN-hydroc
solutionservingasacatalystwasfurtherdropped
wasstirredat50degreesCforlhourtoobtainde

of TMOS.

ticles. 10gof
437mlofethanol,
inganultrasonic
ng process, a
tained. A part
nofthe obtained

structure was

obtained,
m and D90/D50 of
o contained the
ing to the TEM
areawas235m  ?/g,
adsorption
thevaluecalculated
ve (connecting
foreitwasfound

nwhichthepores

t was add
and was stirred
hloricacidaqueous
therein,andthen

hydratedcondensate
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Further 3.4 g of 1N-hydrochloric acid aqueous solu
droppedtotheobtaineddehydratedcondensateofTM
of adjusting pH after adding terminal branched poly
copolymertobe 3),andthe mixturewasstirredat
and72.4partsbyweightofanaqueousdispersiono
polyolefin copolymer (T) (solid content 10% by weig
dropped,andwasstirredatroomtemperaturetopre
ofterminal branched polyolefincopolymer/asoluti
condensate of TMOS. This compositionwas pouredin
apparatusataflowrateof6cc/min,andwaspress
at the nozzle outlet temperature of 120 degrees C a
to obtain composite fine particles of terminal bran
based copolymer/silica. The obtained powder was dr
vacuum dryer. The temperature was elevated from ro
to 550 degrees C at a rate of 3.5 degrees C/min., a
calcination was carried out at 550 degrees C for 4
terminalbranchedolefincopolymercompositepartic
porous silica particles.

10 g of the powder of the porous silica particles
to500mLofwater,andthedispersingprocesswas
abeadmill. Afterthedispersingprocess,ahomog
without precipitation was obtained. A part of the
dried,andtheTEMobservationoftheobtainedpart
to confirm that the porous structure was maintained

It was found that the porous silica particles were
which had 50 % mean particle size by volume of 3.8

of 5.2 according to the measurements with DLS, and

tion was
OS(forthepurpose
olefin based
roomtemperature,
fterminalbranched
ht) was further
pareacomposition
onofdehydrated
toaspraydryer
urized(2.6kg/cm 2)
nd was sprayed
ched polyolefin
ied by using a
om temperature
nd further,
hours to remove

lestoobtainthe

were added
conductedbyusing
eneousdispersion
dispersion was

icleswasconducted

obtained,
um and D90/D50

also contained
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the pores of 10 to 30 nm in the interior thereof ac
TEMobservation. Inaddition,the BET specificsur
nf/g, and the value calculated using BJH method from
isothermalcurve(BJHporediameter)wasllnmand
using BJH method from the desorption isothermal cur
section) was equaltoorlowerthan4 nm,andthere
thatthethree-dimensionalcubicphasestructure, i
were mutually connected, was created.
[0225]
Example al2

Thewaterdispersionobtainedin ExamplealOwasc
to 2.9 % by weight via an ultrafiltration process.
A9083 (commercially available from Mitsui Chemicals
concentration:50%byweightwhichwasaqueousemu
resin,wasmixedto35gofthisdispersion,andth
ina Petridish,andwasdriedinanovensof 70de
auniformandtransparentfilmhavingathicknesso
value was 1.7, the refractive index at D-line (589
was 1.38, and the thermal conductivity was 0.04 W/m
[0226]
Example al3

35 g of an ethanol dispersion (2.9% by weight) obt
Example all and a PVB resin ethanol solution (polyv
weight average molecular weight: 50,000-80,000) pre
adjusted to 10 % were mixed, and the mixture was po
dish, and was dried in an ovens of 70 degrees C to

and transparent film having a thickness of 70

cording to the
faceareawas680
the adsorption
thevaluecalculated
ve (connecting
foreitwasfound

nwhichthepores

oncentrated
8 g of Almatex
, Inc.; solid
Isionofanacrylic
emixturewaspoured
grees Ctoobtain
f50 um. TheHAZE
nm) of the film

K.

ained in
inylbutyral,
liminarily
ured in a Petri
obtain a uniform

um. The HAZE value
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wasO0.4,therefractiveindexatD-line(589nm)of
and the thermal conductivity was 0.03 W/mK.
[0227]
Comparative Example a5

A film was prepared similarly as in Example al2, e
no dispersion was used, to obtain a film made of on
resin aqueous emulsion Almatex A9083. The HAZE val
wasO0.3,therefractiveindexatD-line(589nm)of
and the thermal conductivity was 0.58 W/mK.
[0228]
Comparative Example a6

The porous silica particles obtained in Comparativ
alwere dispersed with a bead mill similarly asin
theresultantdispersionwasusedtoprepareafilm
to that in Example al2. The HAZE value was 12, and
index was impossible to be measured. The thermal c
0.88 W/mK.
[0229]
Comparative Example a7

The porous silica particles obtained in Comparativ
a2 were dispersed with a bead mill similarly asin
theresultantdispersionwasusedtoprepareafilm
to that in Example al2. The HAZE value was 20, and
index was unmeasurable. The thermal conductivity w
[0230]
Comparative Example a8

Theporoussilicaparticledispersionobtainedin

thefilmwas1.33,

xcept that
ly the acrylic
ue of this film

thefilmwas1.47,

e Example
Example a10, and
byamethodsimilar
the refractive

onductivity was

e Example
Example al10, and
byamethodsimilar
the refractive

as 0.92 W/mK.

Comparative
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Example a4 was used to prepare a film by a method s
inExampleal2. The HAZE value was 36, andtheref
unmeasurable. The thermal conductivity was 0.07 W/
[0231]
Comparative Example a9
Afilm was prepared similarly as in Example al13, e
nodispersionwas used, to obtain afilmmade ofon
value of this flmwas 0.1, the refractive index at
of the film was 1.49, and the thermal conductivity
[0232]
[Example B]
(SynthesisExample of Terminal Branched Polyolefin
Numberaveragemolecularweight(Mn),weightavera
weight(Mw)and molecularweightdistribution (Mw/M
by methods described in the descriptions with a gel
chromatography (GPC). In addition, the peak top te
wasobtainedbyameasurementwithdifferentialsca
(DSC)isemployedasthe meltingpoint(Tm). Inad
melting point of polyalkylene glycol moiety was als
dependingonthe measurementconditions, thisindic
pointofpolyolefinmoietyunlessotherwise particu
In *H-NMR, the polymer was completely dissolved in
deuterated-1,1,2,2-tetrachloroethanewhichwasalo
solvatingmediainameasurementsampletube,andt
was carried outat 120 degrees C. Concerning chemi
ofdeuterated-1,1,2,2-tetrachloroethanewasdefined

then chemical shift values of other peaks were dete

imilar to that
ractiveindexwas

mK.

xcept that
lyPVB. The HAZE
D-line (589 nm)
was 0.22 W/mK.

Based Copolymer)
gemolecular
n)were measured
permeation
mperature which
nningcalorimetry
dition, whilethe
o identified
atesthemelting

larlyindicated.

ckingsolventand

henthemeasurement

cal shifts, peak
as5.92ppm,and

rmined.
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Concerning the particle sizes of particles in the d

mean particle size by volume was measured with Micr
(commerciallyavailablefromHONEYWELL). Thesampl
200folds-500foldsandwasnegativelystainedwi

acid, and then the observation of the shape of the
dispersion was carried out with transmission electr
(TEM/H -7650 commercially available from Hitachi, L
condition of 100 kV.

[0233]

(Synthesis Example of Terminal Branched Polyolefin
(M)

Terminal epoxy group-containing ethylene polymer (
synthesized accordingtothefollowing procedures (
Synthesis Example 2 in Japanese Laid-Open Patent Pu
2006-131870). 1000 ml of heptane was placed atar
in a stainless-steel autoclave having a capacity of
was sufficiently substituted with nitrogen, and was

degreesC. Successively theautoclavewaspressur

to30kg/cm  2G,andthetemperaturewasmaintained. 0.5ml(0.5

of hexane solution of MMAO (commercially available
CHEM)(1.00mmol/mlintermsofaluminumatom)was
pressure,andthen0.5mI(0.0001mmol)ofatoluen
mmol/ml)ofthecompoundrepresentedbythefollowi
(14)wasinjectedwithpressuretoinitiatethepol
polymerizationwascarriedoutwithinethylenegas
degrees C for 30 minutes, and then the polymerizati

by injecting a smaller amount of methanol with high

ispersion, 50 %
otrack UPA
ewasdilutedto
thphosphotungstic
particlesinthe
on microscope

td.) under the

Based Copolymer

E) was
forexample, see
blication No.
oom temperature
2000 ml, which
heated to 150
izedwithethylene
mmol)
from TOSOH FINE
injectedwithhigh
esolution(0.0002
nggeneralformula
ymerization. The
atmosphereat150
on was stopped

pressure. The
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obtainedpolymersolutionwasaddedin3litersof
asmallamountof hydrochloricacidto precipitate
washing with methanol, this was dried under reduced
degreesCfor10hourstoobtainethylene-basedpol
bond at one terminal (P).

[0234]

Ph

[0235]
100 g (vinyl group 108 mmol, assuming Mn is 850) o
above-described ethylene-based polymer having doubl

terminal (P-1), 300 g of toluene, 0.85 g (2.6 mmol)

methanolcontaining
polymers. After
pressure at 80

ymerhavingdouble

(14)

f the
e bond at one

of Na W@, 0.60

g (1.3mmol)of CH 3(NC gH7) sNHSQand 0.11 g (1.3 mmol) of phosphoric

acid were added into a 500 ml separable flask, and
refluxedwhilestirringfor30minutestocompletel

After the internal temperature was reached to 90 de
30%hydrogenperoxide water (326 mmol)wasdropped
and then was stirred at the internal temperature of
Cfor3hours. Then, 34.4 g (54.4 mmol) of 25 % so

aqueous solution was added thereto while maintainin

was heated to be
ymeltthepolymer.
greesC, 37 gof
forthreehours,
90-92 degrees
dium thiosulfate

g at 90 degrees
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C and was stirred for 30 minutes, and it was found
test paper that peroxides in the reaction system wa
decomposed. Then, 200gofdioxanewasaddedthere
temperature of 90 degrees C to crystallize the prod
resultant solid was collected via filtering, and wa
dioxane. The obtained solid was stirred in 50 % me
solution at room temperature, and then the solid wa
a filtration and was washed with methanol. The sol
stirredin400g of methanol,andthenwas collecte
and was washed with methanol. The resultant produc
roomtemperature underreduced pressureoflto2h
gofterminalepoxygroup-containing ethylene polym
solid form (yields: 99%, polyolefin conversion rati
Theobtainedterminalepoxygroup-containingethyl
(E) exhibited: Mw=2058,Mn=1118and Mw/Mn=1.8
epoxide group content: 90 mol%).
'H-NMR: & (C2D2Cl4) 0.88 (t, 3H, J = 6.92Hz), 1.18-1.66 (M),
(dd,1H,J=2.64,5.28Hz),2.66(dd,1H,J=4.29,
(m, 1H).
melting point (Tm): 121 degrees C.
[0236]
84partsbyweightofterminalepoxygroup-contain
polymer (E), 39.4 parts by weight of diethanolamine
by weight of toluene were put in a 1000 mL flask, a
at150degreesCfor4hours. Then,acetonewasad
to precipitate the reaction products, and a solid w

filtration. The obtained solid was washed while st

with a peroxide

s completely
toataninternal

uct, and the

s washed with

thanol aqueous

s collected by

id was further
dbyafiltration

t was dried at
Patoobtain96.3
er(E)inawhite

0: 100%).

enepolymer

4(GPC)(terminal

2.38
5.28Hz),2.80-2.87

ingethylene
and 150 parts
nd was stirred
dedwhile cooling
as collected by

irring with
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acetone aqueous solution for one time and further w
three times, and then a solid was collected by filt
the resultant product was dried at room temperature
pressuretoobtainpolymer(I)(Mn=1223,Ainthe
formula (9): functional group formed by the polymer
ethylene(Mn=1075),R =R 2=hydrogenatom,oneofY
group, and the other is bis(2-hydroxyethyl) amino g
'H-NMR: 5(C2D2Cl4)0.88(t,3H,J=6.6Hz),0.95-1.92(m),
(m, 6H), 3.54-3.71 (m, 5H).

melting point (Tm): 121 degrees C.

[0237]

R1 2

R
Y1—c|:—<|:—Y2 (9)
|
H

|
A

[0238]

20.0 parts by weight of polymer (1) and 100 parts
of toluene were putina 500 mL flask equipped with
tubes, a thermometer, cooling tubes and a stirring
the heating was carried out in an oil bath of 125 d
stirring to completely dissolve the solid. After b
90degreesC,0.323partsbyweightof85%KOH,wh
beendissolvedin5.0partsbyweightofwater,was
andwas mixedunderthereflux conditionfortwoho
and toluene were distilled off while gradually rais
temperature in the flask to 120 degrees C. Further

pressure of the flask was reduced while supplying a

ith acetone for
ration. Then,
under reduced
followinggeneral
ization of
tandY “Zishydroxyl
roup).

2.38-2.85

by weight
nitrogen supply
apparatus, and
egrees C while

eing cooled to

ichhadpreliminarily

addedtotheflask,
urs. Then,water
ing the
, the internal

small amount of



10

15

20

25

108

nitrogen, and internal temperature was further incr
degrees C, and then the conditions were maintained
furtherdistillingwaterandtolueneofffromthef
cooled to room temperature, the solid substance sol
flask was crushed, and was taken out.
[0239]

18.0 parts by weight of the obtained solid substan
parts by weight of dehydrated toluene were putin a
reactormadeofstainlesssteelhavingaheatingun
a thermometer, a pressure gauge, and safety valves,
gas phasewasreplacedwith nitrogen, the temperatu
to130degreesCwhilestirring. 30minuteslater,
ofethyleneoxidewasadded,andafterbeingmainta
C for further 5 hours, it was cooled to room temper
thereactant. Theobtainedreactantwasdriedtor
toobtainterminalbranchedpolyolefinbasedcopoly
in general formula (1), A: group which is formed by
of ethylene (Mn=1075); R
group represented by general formula (6) (X
group)andthe otherisgrouprepresented by genera
= Q2 = ethylene group, X
'H-NMR & (C2D2Cl4)0.88 (3H,t,J=6.8Hz), 1.06-1.50 (m),
(m), 3.33-3.72 (m).
meltingpoint(Tm):-16degreesC(polyethylenegly
C.
[0240]

<Example of Preparing Water Dispersion of Terminal

=R 2=hydrogen atom; one of X

eased to 150

for 4 hours to
lask. Afterbeing

idified in the

ce and 200
1.5L pressure
it,astirrerunit,
and after the
rewasincreased
9.0partsbyweight
inedat130degrees
ature to obtain
emovethesolvent
mer(T)(Mn=1835,
polymerization

land X Zis

11 = polyethylene glycol

[formula(5) (Q

9 = X 19 =polyethylene glycol group)).

2.80-3.20

col),116degrees

Branched
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Polyolefin Based Copolymer Particles>
(PreparationofWaterDispersionof20%byweighto
Polyolefin Based Copolymer (T))

10 parts by weight of (A) terminal branched polyol
copolymer (T) obtained in the aforementioned Synthe
40partsbyweightofdistilledwaterservingas(C
placedina 100 mlautoclave, and after heating and
degrees C at the speed of 800 rpm for 30 minutes, i
roomtemperature while continuing the stirring. 50

size by volume of the obtained dispersed system was

fTerminalBranched

efin based
sis Example and
)thesolventwere
stirring at 140
twas cooled to
% mean particle

0.018 um(10%

mean particle size by volume: 0.014 um, 90 % mean particle size by

volume: 0.022 um). The particle sizes of the obtained dispersed

system determined from the observation results thro
transmission electron microscope were from 0.015 to
[0241]

<Example of Preparing Porous Silica Particle Disper
(Preparation Example b1 of Diacetone Alcohol Disper
Silica Patrticles)

72 mL of water dispersion of 15% by weight termina
polyolefin based copolymer (T) and 14.4 mL of 28 %
solutionwereaddedto500mLofethanol,andthem
untilitbecame homogeneous. TEOS/ethanol (36 mL/1
triethoxysilane (Triethoxy(ethyl)silane)/ethanol
were added thereto at a time. Then, the resultant
roomtemperaturefor4hours. Theobtainedsilica/
olefin copolymer composite particles were separated

bycentrifugalseparation,andwerefurtherwashed

ugh the
0.030 um.

sion>

sion of Porous

[ branched
ammonia aqgueous
ixturewasstirred
50mL)and ethyl
(3.6mL/14.4mL)
was stirred at

terminalbranched
and collected

withethanol. The
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obtained powderwas dried by usingavacuumdryer.
was elevated fromroomtemperatureto 450 degrees C
degrees C/min., and further, calcination was carrie
degrees C for 4 hours to remove terminal branched o
composite particles to obtain the porous silica par
powderoftheporoussilicaparticleswereaddedto
alcohol, and the dispersing process was conducted b
ultrasonic (US) processing for 30 minutes. After t
process,ahomogeneousdispersionwithoutprecipita
A part of the dispersion was dried, and the TEM obs
obtainedparticleswasconductedtoconfirmthatth
was maintained.

It was found that the porous silica particles were
which had 50 % mean patrticle size by volume of 80 n
1.3 according to the measurements with DLS, and als
pores of 10 to 30 nm in the interior thereof accord
observation. Inaddition,theBETspecificsurface
and the value calculated using BJH method from the
isothermalcurve(BJHporediameter)wasllnmand
using BJH method from the desorption isothermal cur
section)was equaltoorlowerthan4nm,andthere
thatthethree-dimensionalcubicphasestructure, i
were mutually connected, was created.

Inadditiontoabove, inthesection Bofthepres
the obtained porous silica particles were dispersed
particlesizedistributionmeasurementapparatus/na

used to carry out the measurements with DLS. In ad

The temperature
atarateof3.5
d out at 550
lefin copolymer
ticles. 10gof
437mlofdiacetone
y conducting an
he dispersing
tionwasobtained.
ervation of the

eporousstructure

obtained,
m and D90/D50 of
o contained the
ing to the TEM
areawas235m  2/g,
adsorption
thevaluecalculated
ve (connecting
foreitwasfound

nwhichthepores

entExample,
to water and a
notrackWAVEwas

dition, silica
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wasusedastheporousparticlesandwaterwasused
solvent,andthereforethemeasurementswerecarrie
thattherefractiveindexofsilicais1.44andthe

of water is 1.0.

[0242]

(Preparation Example b2 of Diacetone Alcohol Disper
Silica Patrticles)

4.1 g of cationic surfactant CTAB (cetyltrimethyla
bromide)wasdissolvedinethanol/water(5L/1L),
ammonium water was added thereto, and was stirred.
was added, and was stirred for 4 hours. The obtain
composite particles were separated and collected by
separation, and were further washed with ethanol.
powder was dried by using a vacuum dryer. The temp
elevatedfromroomtemperatureto550degreesCat
C/min., and further, calcination was carried out at
for 4 hours to remove CTAB to obtain the porous sil
10 g of powder of the porous silica particles were
of diacetone alcohol, and the dispersing process wa
conducting an ultrasonic (US) processing for 30 min
dispersing process, ahomogeneous dispersion withou

was obtained.

It was found from the measurements with DLS that t

silica particles having 50 % mean particle size by
and D90/D50 was 1.3 were obtained. In addition, it
todeterminethesizesofthe poresintheinterior

TEM observation. Inaddition, the BET specific sur

asthedispersion
doutbyassuming

refractiveindex

sion of Porous

mmonium
and100mLof28%
50 mL of TEOS
ed silica/CTAB
centrifugal
The obtained
erature was
arateof3.5degrees
550 degrees C
ica particles.
added to 437 ml
s conducted by
utes. Afterthe

tprecipitation

he porous
volume of 300 nm
was difficult
thereoffromthe

face areawas 32
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nt/g, and both of the pore sizes obtained in BJH meth
adsorptionside andthe desorptionsidewere2nm.
that the pore had two-dimensional cylinder structur
[0243]
Example bl

20 g ofthe diacetone alcohol dispersion of the po
particles of Preparation Example b1, which was conc
by weight, 3.0 g of trimethylolpropane triacrylate,
pentaerythritol triacrylate hexamethylene diisocyan
prepolymer(commerciallyavailablefromKyoeishaCh
Trade name UA-306H) were mixed, and then 3 g of pol
methyl ether was added thereto. Further, 0.15 g of
2,4,6-trimethylbenzoyl diphenyl phosphine oxide ser
photoinitiator and 0.01 g of a Si-based surfactant
availablefromNipponUnicarCo.,Ltd.: Tradename
thereto, and the mixture was sulfficiently stirred t
composition for coating. The prepared composition
usedtocoatsurfacesofaSi-waferandasilicagl
were irradiated with a high pressure mercury lamp (
for60secondstoformcoatingfilms. Theresults
were shown in Table 1.
[0244]

Inadditiontoabove,thefollowingevaluationswe
for the coating films having thicknesses of 1.0 to
the Si-wafer or on the silica glass by the spin coa
[0245]

(1) Refractive Index

od from the
ltwas estimated

e.

roussilica
entrated to 10%
and 1.0 g of
ate urethane
emicalCo.,Ltd.:

yethylene glycol

ving as a
(commercially
FZ-2110)wereadd
0 prepare a
for coating was
ass,andthesurfaces
power 100 W/cm)

oftheevaluations

reconducted
3.0 umformedon

ting process.
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The refractive index of the coating material of th
embodiment was determined for the film formed on th
anAbbe'srefractometer commercially available from
(2) Transparency

As for the transparency of the present embodiment,
transmittance of the film formed on the silica glas
fromwavelength 400 nmto 600nmwith afilmtransmi
commercially available from Shimadzu Corporation).
A: Transmittance was equal to or higherthan90%f
nm.

B: Transmittancewasequaltoorhigherthan80%a

from 400 nm to 600 nm.

C: Transmittance was lower than 80 % from 400 nm to
(3) Scratch resistance test

Thescratchresistanceofthepresentembodimentw
for a sample formed on the silica glass, in which t
rubbedfor10reciprocationswithaload of 1000 g
with a #0000 steel wool (commercially available fro
WoolCo.,Ltd.),andthelevelofthescratchwase
observation with the following criteria.

A: No scratch in the area rubbed with 500 g load.
B: 1 to 9 scratches in the area rubbed with 500 g |
C: 10 to 30 scratches in the area rubbed with 500 g
D: countless (more than 30) scratches in the arear
g load.

[0246]

Example b2

e present
e Si-wafer with

ATAGOCO.,LTD.

the
s was measured

ssometer (UV2200

rom400 nmto 600

ndlowerthan90%

600 nm.

asdetermined

he surface was
and500gexerted

m Nippon Steel

stimatedbyvisual

oad.
load.

ubbed with 500
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20 g ofthe diacetone alcohol dispersion of the po
particles of Preparation Example b1, which was conc
by weight, 1.0 g of 1,6-hexanediol diglycidyl ether
pentaerythritol tri glycidyl ether were mixed, and

polyethylene glycol methyl ether was added thereto.

g of ADEKA OPTOMER-SP-150 serving as a photoinitiat

aSi-basedsurfactant(commerciallyavailablefrom
Ltd.: Trade name FZ-2110) were added thereto, and t
sufficiently stirred to prepare a composition for ¢
prepared composition for coating was used to coat s
Si-wafer and a silica glass, and the surfaces were
ahigh pressure mercurylamp (power 100 W/cm)for6
coating films. The results of the evaluations were
1.
[0247]
Example b3

20 g ofthe diacetone alcohol dispersion of the po
particles of Preparation Example b1, which was conc
by weight, 4.2 g of 3-glycidoxypropyltrimethoxysila
silane compound and/or a compound created by partia
thereof,and 1.3gof0.1 N hydrochloricacidwater
stirring, andwerefurtherstirredfor2hours. 7
glycolmethyletherwasaddedandwassufficiently
0.2gofAl(lll)acetylacetonateservingasameta
and 0.01 g of polyether-modified polydimethyl silox
(productname,commerciallyavailablefromBYK-Chem

as a compound having dimethylsiloxane skeleton were

roussilica
entrated to 10%
and 3.0 g of
then 3 g of
Further, 0.15
orand0.01gof
NipponUnicarCo.,
he mixture was
oating. The
urfaces of a
irradiated with
Osecondstoform

shown in Table

roussilica

entrated to 10%

ne servingasa

lly condensing

were addedwhile
gofpolyethylene

stirred,andthen

Ichelatecompound
ane BYK333

ieGmbH.)serving

added thereto,
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andafterbeingstirredfor4 hours, the mixturewa
nightandalldayto preparethe compositionforha
The prepared composition for coating was used to co
a Si-wafer and a silica glass, and calcination was
120degrees Cfor120minutestoformthe coatingf
of the evaluations were shown in Table 1.
[0248]
Comparative Example bl

The coating film was formed by a method similar to
Example b3, except that 20 g of the diacetone alcoh
the porous silica particles of Preparation Example
concentrated to 10% by weight was added instead of
alcohol dispersion of the porous silica particles o
Example b1. The results of the evaluations were sh

In addition to above, since the coating film obtai
Comparative Example b1 had low film transparency, t
index was not able to be precisely measured.
[0249]
Comparative Example b2

The coating film was formed by a method similar to
Example b1, except that non-porous silica particles
available from Nissan Chemical Industries, Ltd., Or
70-100nmZL Type)were used. Theresultsofthe
shown in Table 1.
[0250]
Comparative Example b3

The coating film was formed by a method similar to

smaturedforall

rdcoatingagent.
at surfaces of
carried out at

ilm. Theresults

that in
ol dispersion of
b2, which was
the diacetone
f Preparation
ownin Table 1.
ned by

he refractive

that in
(commercially
ganosilicasol,

evaluationswere

that in
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Example b2, except that silica particles that were
(commercially available from Nissan Chemical Indust
Organosilicasol, 70 - 100 nm ZL Type) were employed
of the evaluations were shown in Table 1.
[0251]
Comparative Example b4

The coating film was formed by a method similar to
Example b3, except that silica particles that were
(commercially available from Nissan Chemical Indust
Organosilicasol, 70 - 100 nm ZL Type) were employed
of the evaluations were shown in Table 1.
[0252]
Comparative Example b5

The coating film was formed by a method similar to
Example b1, except that none of porous silica parti
The results of the evaluations were shown in Table
[0253]
Comparative Example b6

The coating film was formed by a method similar to
Example b2, except that none of porous silica parti
The results of the evaluations were shown in Table
[0254]
Comparative Example b7

The coating film was formed by a method similar to
Example b3, except that none of porous silica parti

The results of the evaluations were shown in Table

not porous
ries, Ltd.,

. The results

that in
not porous
ries, Ltd.,

. The results

that in
cle was added.

1.

that in
cle was added.

1.

that in
cle was added.

1.
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[0255]
[Table 1]

Refractive Transparency  |Scratch

Index Resistance

Example bl 1.36 A
Example b2 1.34 A A
Example b3 1.31 A
ComparativeExample unmeasurable C B
bl
ComparativeExample 1.50 A A
b2
ComparativeExample 1.49 A A
b3
ComparativeExample 1.48 A A
b4
ComparativeExample 1.51 A C
b5
ComparativeExample 1.49 A C
b6
ComparativeExample 1.50 A B

b7
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[0256]

As can be seenfromthe results of Table 1, the co ating films
obtainedinExamplesbltob3exhibitedenhancedpe rformancesinany
evaluation items of the refractive index, the trans parency and the

scratch resistance.

INDUSTRIAL APPLICABILITY

[0257]

As described above, since the porous metal oxide m aterials
obtainedinthepresentinventionhavesmallpartic lesizes,andalso
havemesoporeshavingporesizeofequaltoorlarg erthan5nm, pore
structure of which is an ordered three-dimensional cubic phase
structure,amixturethereofwitharesinexhibits hightransparency,
so that the porous metal oxide materials is applica ble to optical
materials, lowdielectricconstantmaterialsandth ermalinsulation
materials, and in addition, the particles themselve s are expected
as materials that can be newly applicable to medici nes (DDS: drug
deliverysystem),molecularprobes,catalysts,adso rbentmaterials,

sensors, paints, inks and the like.

[0258]

Inaddition,sincethecoatingmaterialobtainedi nthepresent
invention is capable of controlling the refractive index of the
obtainedcoatingfilmtobelow,andiscapableof havingahardcoating
propertyaccordingtothecharacteristicsofthebi nder,thecoating
material can be used for: image display devices suc h as a liquid
crystaldisplay,aCRTdisplay,aprojectiondispla y.aplasmadisplay,
an electroluminescence display, a reflection screen and the like;

coating materials for antireflective flmsuchasa touch paneland
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thelike;andantireflectivecoatingsforspectacle
[0259]

The present application claims the benefit of prio
on Japanese Patent Application No. 2013-107963 file
and Japanese Patent Application No. 2013-213548 fil
2013, the entire disclosures thereof are hereby inc

reference.

lensandthelike.

rity based
d May 22, 2013
ed October 11,

orporated by
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CLAIMS

1. Porous metal oxide particles,

the 50 % mean particle size by volume thereof bein
or larger than 50 nm and equal to or smaller than 3

the ratio of 90 % mean particle size by volume to
particle size by volume (D90/D50) being equal to or

the particles having mesopores having a pore size
by BJH method equal to or larger than 5 nm and equa
than 30 nm, and

the structure of the pores being a three-dimension

phase structure.

2. The porous metal oxide particles according to cl

whereinthe 50% mean particle size by volumether
to or larger than 50 nm and equal to or smaller tha

the ratio of 90 % mean particle size by volume to
particle size by volume (D90/D50) is equal to or lo

the particles have mesopores havingaporesizede
BJH method equalto orlargerthan5nmandequalt
30 nm, and

the structure ofthe poresisathree-dimensional

structure.

3. A method of producing the porous metal oxide par
according to claim 1 or 2, comprising:

astepofobtainingamixturecomprisingwaterand

g equal to
00 nm,
50 % mean
lowerthan 2.0,
determined

| to or smaller

al cubic

aim1,
eofisequal
n 100 nm,
50 % mean
wer than 1.5,

termined by

oorsmallerthan

cubicphase

ticles

/oranorganic
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solvent miscible or partially miscible with water,
polymer particles having 50 % mean particle size by
or larger than 5 nm and equal to or smaller than 30
catalyst;
astepofobtaining organicandinorganic composit
bymixingametaloxideprecursortosaidmixturea
reaction of the metal oxide precursor; and
astepofremovingsaidwater-insolublepolymerpa

said organic and inorganic composite particles.

4. The method of producing the porous metal oxide p
according to claim 3,

wherein said water-insoluble polymer particles are
composed of a terminal branched polyolefin based co
represented by the following generalformula (1), a

average molecular weight equal to or lower than 2.5

R! R?2

X1—C—CH—X?

A

(Inthe formula, A represents polyolefin chain. R
hydrogenatomoralkylgrouphaving1to18carbon

one thereof is hydrogen atom. X

water-insoluble
volume equalto

nm, and a base

eparticles

ndcausingasol-gel

rticlesfrom

articles

particles
polymer
ndhaving number

x10 4.

(1)

landR Zrepresent

atomsandatleast

Land X 2, which may be the same or
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different groups, represent a group having straight or branched

polyalkylene glycol group.)

5. The method of producing the porous metal oxide p articles
according to claim 4,

wherein X ' and X 2 of the terminal branched polyolefin based

copolymer represented by said general formula (1) a re the same or
different groups, and are represented by general fo rmula (2)

E—X° (2)
(Intheformula,Erepresentsoxygenatomorsulfur atom,X ‘represents
polyalkylene glycol group or group represented by g eneral formula
3)

—R’—(G)n (3)

(Intheformula,R 3representsm+1valenthydrocarbongroup. G,which

is the same or different groups, represents a group represented by
-OX%or-NX °X8(X “*toX Crepresentapolyalkylene glycolgroup.). m

represents a number of bonds of R 3 with G and is an integer of from
1to010.))

or are represented by general formula (4).

.
[TI X (4)

X8

(In the formula, X "and X 8, which are the same or different groups,

represent a polyalkylene glycol group or group repr esented by the
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above-described general formula (3).)

6. The method of producing the porous metal oxide p articles
according to claim 4 or 5,

wherein said terminal branched polyolefin based co polymeris
representedbythefollowinggeneralformula(la)o rgeneralformula

(1b).

e,
W

(la)
(Intheformula,R “andR °representhydrogenatomoralkylgrouphaving
1to 18 carbon atoms and at least one thereof is hy drogen atom. R
andR “representhydrogenatomormethylgroupandatlea stonethereof
is hydrogen atom, R 8andR °represent hydrogen atom or methyl group
andatleastonethereofishydrogenatom. I+mrep resentsaninteger
eqgual to or larger than 2 and equal to or smaller t han 450. n
representsanintegerequaltoorargerthan20an dequaltoorsmaller
than 300.)
o~ V\ >
H

} m
(1Db)
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(Intheformula,R
1to 18 carbon atoms and at least one thereof is hy
andR “representhydrogenatomormethylgroupandatlea
is hydrogen atom, R
andatleastonethereofishydrogenatom,R
atomormethylgroupandatleastonethereofishy
representsanintegerequaltoorlargerthan3and
than 450. n represents an integer equal to or larg

equal to or smaller than 300.)

7. The method of producing the porous metal oxide p
according to any one of claims 3 to 6,

wherein said step of obtaining a mixture comprises
mixing said water and/or said organic solventcapab
a part or all of water, water dispersion of said wa

polymer particles and said base catalyst.

8. The method of producing the porous metal oxide p
according to any one of claims 3 to 7,

wherein the metal oxide precursor is mixed in a co
being preliminarily diluted with an organic solvent
partially miscible with water in said step of obtai

and inorganic composite particles.

9. Aresincompositioncomprisingtheporousmetal

according to claim 1 or 2 and a binder resin.

“andR °representhydrogenatomoralkylgrouphaving

drogenatom. R

stonethereof

8andR °represent hydrogen atom or methyl group

YandrR representhydrogen

drogenatom. [+m+o
equaltoorsmaller

er than 20 and

articles

a step of

le ofdissolving

ter-insoluble

articles

ndition of

miscible or

ning the organic

oxideparticles
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10.  Afilm comprising the porous metal oxide partic

to claim 1 or 2.

11. Apaintcomprisingthe porous metal oxide parti

to claim 1 or 2.

12.  Athermalinsulationmaterialcomprisingthepo

particles according to claim 1 or 2.

13. Alowdielectricconstantmaterialcomprisingt

oxide particles according to claim 1 or 2.

14.  Anink comprising the porous metal oxide partic

to claim 1 or 2.

15. A medicinal agent adapting a drug delivery syst
comprising the porous metal oxide particles accordi

2, wherein a drug is contained within the mesopores

16. Acoating materialcomprisingacomponent(A)a
(B):
(A) the porous metal oxide particles accordingto c

(B) a curable functional group-containing compound.

17. The coating material according to claim 16,
whereinthecomponent(B)isanactivatedenergyb

functional group-containing compound or athermoset

les according

clesaccording

rousmetaloxide

heporousmetal

les according

em (DDS)

ngtoclaimlor

ndacomponent

laim1or2;and

eam-curable

ting functional
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group-containing silicon compound.

18. The coating material according to claim 16 or 1
wherein ratio of the component (A) to 100 parts by
thecomponents(A)and(B)intotalisequaltoor

by weight and equal to or lower than 60 parts by we

19. A coating film obtained by curing the coating m

according to any one of claims 16 to 18.

20.  Afilm comprising the coating film according to

a surface section thereof.

21. Alens comprising the coating film according to

a surface section thereof.

22.  Animagedisplaydevice comprisingthe coating

to claim 19 on the surface thereof.

7,
weight of
higherthan 1 part
ight.

aterial

clam19in

claim 19in

filmaccording



