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SPECIFICATION 

 

POROUS METAL OXIDE PARTICLES, PRODUCTION METHOD THEREOF AND 

APPLICATION THEREOF 

 5 

FIELD OF THE INVENTION 

[0001] 

 The present invention relates to porous metal oxid e particles, 

a method of producing porous metal oxide particles and an application 

thereof. 10 

BACKGROUND 

[0002] 

 In recent years, porous metal oxide materials are expected as 

materials that can be newly applicable to optical m aterials, 

low-dielectric constant materials, thermal insulati on materials, 15 

medicines (DDS: drug delivery system), molecular pr obes, catalysts, 

adsorbent materials, sensors, paints, inks and the like.  For example, 

it is thought that good insulation effect is obtain ed by adding in 

the resin film or paint a porous material having ai r layers therein 

as a filler, or in particular adding a porous mater ial having pore 20 

that is smaller than mean free path of air in atmos pheric pressure, 

namely smaller than 68 nm, for the purpose of impro vement of thermal 

insulation performance. 

[0003] 

 Patent Document 1 describes a method of producing porous metal 25 

oxide particles using micelles of a surfactant as a  template, and 

also describes that porous metal oxide particles ha ving particle size 
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of 20 to 200 nm, containing mesopores having pore s ize of 1 to 10 

nm are obtained. 

 Patent Document 2 describes a method for synthesiz ing a 

mesoporous metal oxide having three-dimensional cub ic phase 

structure using micelles of a surfactant as a templ ate, and also 5 

describes that a mesoporous metal oxide having mean  pore size of 5 

nm is obtained (Example 2 and Fig. 6). 

 Patent Document 3 describes a method of producing a porous metal 

oxide material by using water-insoluble polymer par ticles, and also 

describes that a porous metal oxide material, in wh ich mesopores form 10 

cubic phase and the pore size is substantially unif orm within the 

range of from 5 to 30 nm, is obtained.  Further, th is also describes 

an example of producing porous particles having par ticle size of from 

1 to 10 µm by spray-dry process (Example a12 and the like). 

[0004] 15 

 In addition, the following applications are consid ered. 

[0005] 

 An image display surface of an image display devic e such as 

a liquid crystal display, a CRT display, a projecti on display, a plasma 

display, an electroluminescence display, a reflecti on screen and the 20 

like is required to have scratch resistance, so as to avoid damage 

at the time of handling. 

[0006] 

 In such situation, a general practice is that a ha rd coating 

film is installed on a display surface of the image  display device 25 

to improve the scratch resistance thereof. 

[0007] 
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 The hard coating layer is formed by using a hard c oating material, 

which is cured by an activation energy derived from  ultraviolet, 

electron beam and the like or by heat, and such har d coating material 

is generally composed of binder components and fine  inorganic 

particles having higher hardness (see Patent Docume nt 4). 5 

[0008] 

 In addition, it is required to reduce reflection o f light caused 

by an external light source such as fluorescent lam p and the like 

for the above described displays and the like, in o rder to enhance 

the visibility of the display surface.  A possible approach to reduce 10 

the reflection of the extraneous light is an adjust ment of the 

refractive index of the hard coating layer.  Simply , the refractive 

index of the hard coating layer is lowered as compa red with the 

refractive index of the display surface of the imag e display device.  

Alternatively, an approach for lowering the refract ive index of the 15 

surface part of the hard coating layer as compared with that of the 

hard coat layer may be used.  Alternatively, there may be another 

approach, which is providing coat layers from the s ide of the hard 

coating layer, the former having higher refractive index and the 

latter having lower refractive index of which thick ness and 20 

refractive index are suitably adjusted on the basis  of optical 

calculations in relation to the refractive index of  the hard coating 

layer. 

[0009] 

 One can think of a method of using a fluorine-base d coating 25 

material having low refractive index as a method fo r reducing the 

refractive index of the hard coating layer, however , such method is 



4 
 
 

not satisfactory in terms of the curability.  One c an also think of 

a method of adding inorganic particles having lower  refractive index 

into a binder component as another approach.  Examp les of the 

inorganic particles having low refractive index inc lude silica 

particles and particles of fluoride such as magnesi um fluoride, 5 

lithium fluoride, aluminum fluoride, calcium fluori de, sodium 

fluoride and the like; however, since the refractiv e index of silica 

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

is small.  Although the fluoride particles provide low refractive 

index, it is difficult to stably obtain fine partic les having small 10 

particle size.  Patent Document 5 describes a metho d of using hollow 

silica particles as the inorganic particles having low refractive 

index.  By having air layers that have a low refrac tive index inside 

the particles, hollow silica particles achieve a lo w refractive index 

as particles.  Patent Document 6 describes a method  of producing 15 

hollow silica particles by utilizing calcium carbon ate as a template. 

 

RELATED DOCUMENTS 

PATENT DOCUMENTS 

[0010] 20 

[Patent Document 1] 

Japanese Laid-Open Patent Publication No. 2008-2801 93 

[Patent Document 2] 

Japanese Laid-Open Patent Publication No. 2003-3355 06 

[Patent Document 3] 25 

WO 2010/103856 pamphlet 

[Patent Document 4] 
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Japanese Laid-Open Patent Publication No. 2008-1650 40 

[Patent Document 5] 

WO 2007/060884 pamphlet 

[Patent Document 6] 

Japanese Laid-Open Patent Publication No. 2005-2635 50 5 

 

SUMMARY OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0011] 

 However, the technologies described in the above P atent 10 

Documents 1 to 3 have problems as described below.  The method of 

Patent Document 1 is unsuitable for adsorption and incorporation of 

functional molecule having relatively larger molecu lar size, since 

the mesopore size of the obtained porous metal oxid e (silica) particle 

is up to 10 nm at a maximum.  Also, a proportion of  mesopores in one 15 

particle cannot be freely changed, and thus it is d ifficult to change 

respective characteristics such as optical characte ristic, 

dielectric constant characteristics, heat insulatin g 

characteristics and the like.  Further, since the p orous metal oxide 

particles have mesopores of cylindrical (hexagonal)  structure, 20 

thicknesses of walls between the respective mesopor es are thinner 

as a whole, in comparison with that of three-dimens ional cubic phase 

structure, leading to insufficient mechanical stren gth.  This 

possibly results in collapse of the mesopore struct ure in the use 

thereof for the paints and the like.  Further, when  the particle sizes 25 

of the porous metal oxide particles are larger and the particle sizes 

are not homogeneous, or more specifically for examp le, when such type 
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of particles having mean particle size equal to or larger than 100 

nm (0.1 µm) are mixed in a resin, the resultant product easi ly becomes 

opaque, and thus is not preferable for optical appl ications. 

[0012] 

 The method of Patent Document 2 is also unsuitable  for the 5 

adsorption and the incorporation of functional mole cules having 

relatively larger molecular size similarly as in th e Patent Document 

1, and further, since a proportion of mesopores in one particle cannot 

be freely changed in the method, it is difficult to  change the 

respective characteristics such as optical characte ristic, 10 

dielectric constant characteristics, heat insulatin g 

characteristics and the like.  In addition to all t he above, Patent 

Document 2 does not describe any methods for produc ing particles 

composed of a porous metal oxide material. 

 While Patent Document 3 describes porous metal oxi de particles, 15 

in which mesopores create cubic phase and the pore size is 

substantially homogeneous within the range of from 5 to 30 nm, it 

does not describe particles having a smaller mean p article size and 

being homogeneous in particle size.  Also, hollow p articles obtained 

by a method of Patent Document 6 utilize calcium ca rbonate as a 20 

template, and thus it is considered that controls o f the particle 

size and the hollow structure inside the particle a re difficult. 

[0013] 

 Therefore, it is desirable to develop porous metal  oxide 

particles and to establish a manufacturing method o f those particles, 25 

in which the particles have mesopores equal to or l arger than 5 nm 

in size and the pore structure thereof is an ordere d three-dimensional 



7 
 
 

cubic phase structure and further in which the mean  particle size 

is smaller than that of the conventional particles and the particle 

sizes are homogeneous.  However, a sufficiently sat isfactory 

production method has not yet been developed. 

 5 

SOLUTION TO PROBLEM 

[0014] 

 The present invention is made in view of the probl ems described 

above, and is to provide porous metal oxide particl es and a method 

of producing thereof, in which a mean particle size  of the particles 10 

is in a range equal to or larger than 50 nm and equ al to or smaller 

than 300 nm and the particle sizes are homogeneous,  and in which the 

particles have mesopores with pore sizes equal to o r larger than 5 

nm and equal to or smaller than 30 nm, and pore str ucture thereof 

is an ordered three-dimensional cubic phase structu re. 15 

[0015] 

 More specifically, the present invention can be de scribed as 

follows. 

 [1] Porous metal oxide particles, 

 the 50 % mean particle size by volume thereof bein g equal to 20 

or larger than 50 nm and equal to or smaller than 3 00 nm, 

 the ratio of 90 % mean particle size by volume to 50 % mean 

particle size by volume (D90/D50) being equal to or  lower than 2.0, 

 the particles having mesopores having a pore size determined 

by BJH method equal to or larger than 5 nm and equa l to or smaller 25 

than 30 nm, and 

 the structure of the pores being a three-dimension al cubic 
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phase structure. 

[0016] 

 [2] The porous metal oxide particles as described in [1], 

 wherein the 50 % mean particle size by volume ther eof is equal 

to or larger than 50 nm and equal to or smaller tha n 100 nm, 5 

 the ratio of 90 % mean particle size by volume to 50 % mean 

particle size by volume (D90/D50) is equal to or lo wer than 1.5, 

 the particles have mesopores having a pore size de termined by 

BJH method equal to or larger than 5 nm and equal t o or smaller than 

30 nm, and 10 

 the structure of the pores is a three-dimensional cubic phase 

structure. 

[0017] 

 [3] A method of producing the porous metal oxide p articles 

as described in [1] or [2], comprising: 15 

 a step of obtaining a mixture comprising water and /or an organic 

solvent miscible or partially miscible with water, water-insoluble 

polymer particles having 50 % mean particle size by  volume equal to 

or larger than 5 nm and equal to or smaller than 30  nm, and a base 

catalyst; 20 

 a step of obtaining organic and inorganic composit e particles 

by mixing a metal oxide precursor to the aforementi oned mixture and 

carrying out a sol-gel reaction of the metal oxide precursor; and  

 a step of removing the water-insoluble polymer par ticles from 

the organic and inorganic composite particles. 25 

[0018] 

 [4] The method of producing the porous metal oxide  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 general formula (1), a nd having number 

average molecular weight equal to or lower than 2.5  x 10 4. 5 

 

(In the formula, A represents polyolefin chain.  R 1 and R 2 represent 

hydrogen atom or alkyl group having 1 to 18 carbon atoms and at least 

one thereof is hydrogen atom.  X 1 and X 2, which may be the same or 

different groups, represent a group having straight  or branched 10 

polyalkylene glycol group.) 

[0019] 

 [5] The method of producing the porous metal oxide  particles 

as described in [4], 

 wherein X 1 and X 2 of the terminal branched polyolefin based 15 

copolymer represented by the general formula (1) ar e the same or 

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

 

(In the formula, E represents oxygen atom or sulfur  atom, X 3 represents 
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polyalkylene glycol group or group represented by g eneral formula 

(3): 

 

(In the formula, R 3 represents m+1 valent hydrocarbon group.  G, which  

is the same or different groups, represents a group  represented by 5 

-OX4 or -NX 5X6 (X 4 to X 6 represent a polyalkylene glycol group.). m 

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

1 to 10.)) 

or are represented by general formula (4). 

 10 

(In the formula, X 7 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] The method of producing the porous metal oxide  particles 15 

as described in [4] or [5], 

 wherein the terminal branched polyolefin based cop olymer is 

represented by the following general formula (1a) o r general formula 

(1b). 
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(In the formula, R 4 and R 5 represent hydrogen atom or alkyl group having 

1 to 18 carbon atoms and at least one thereof is hy drogen atom.  R 6 

and R 7 represent hydrogen atom or methyl group wherein at  least one 

thereof is hydrogen atom, R 8 and R 9 represent hydrogen atom or methyl 5 

group and at least one thereof is hydrogen atom.  l +m represents an 

integers equal to or larger than 2 and equal to or smaller than 450.  

n represents an integer equal to or larger than 20 and equal to or 

smaller than 300.) 

 10 

 

(In the formula, R 4 and R 5 represent hydrogen atom or alkyl group having 

1 to 18 carbon atoms and at least one thereof is hy drogen atom.  R 6 

and R 7 represent hydrogen atom or methyl group and at lea st one thereof 

is hydrogen atom, R 8 and R 9 represent hydrogen atom or methyl group 15 

and at least one thereof is hydrogen atom, R 10 and R 11 represent hydrogen 

atom or methyl group and at least one thereof is hy drogen atom.  l+m+o 
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represents an integer equal to or larger than 3 and  equal to or smaller 

than 450.  n represents an integer equal to or larg er than 20 and 

equal to or smaller than 300.) 

[0021] 

 [7] The method of producing the porous metal oxide  particles 5 

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

 wherein the step of obtaining a mixture comprises a step of 

mixing the water and/or the organic solvent capable  of dissolving 

a part or all of water, water dispersion of the wat er-insoluble polymer 

particles and the base catalyst. 10 

[0022] 

 [8] The method of producing the porous metal oxide  particles 

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

 wherein the aforementioned metal oxide precursor i s mixed in 

a condition of being preliminarily diluted with an organic solvent 15 

miscible or partially miscible with water in the st ep of obtaining 

the organic and inorganic composite particles. 

[0023] 

 [9] A resin composition comprising the porous meta l oxide 

particles as described in [1] or [2] and a binder r esin. 20 

[0024] 

 [10] A film comprising the porous metal oxide part icles as 

described in [1] or [2]. 

[0025] 

 [11] A paint comprising the porous metal oxide par ticles as 25 

described in [1] or [2]. 

[0026] 
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 [12] A thermal insulation material comprising the porous 

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

[0027] 

 [13] A low dielectric constant material comprising  the porous 

metal oxide particles as described in [1] or [2]. 5 

[0028] 

 [14] An ink comprising the porous metal oxide part icles as 

described in [1] or [2]. 

[0029] 

 [15] A medicinal agent adapting a drug delivery sy stem (DDS) 10 

comprising the porous metal oxide particles as desc ribed in [1] or 

[2], wherein a drug is contained within the mesopor es. 

[0030] 

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

component (B): 15 

(A) the metal oxide porous particles as described i n [1] or [2]; and 

(B) a curable functional group-containing compound.  

[0031] 

 [17] The coating material as described in [16], 

 wherein the component (B) is an activated energy b eam-curable 20 

functional group-containing compound or a thermoset ting functional 

group-containing silicon compound. 

[0032] 

 [18] The coating material as described in [16] or [17], 

 wherein ratio of the component (A) to 100 parts by  weight of 25 

the components (A) and (B) in total is equal to or higher than 1 part 

by weight and equal to or lower than 60 parts by we ight. 
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[0033] 

 [19] A coating film obtained by curing the coating  material 

as described in any one of [16] to [18]. 

[0034] 

 [20] A film comprising the coating film as describ ed in [19] 5 

in a surface section thereof. 

[0035] 

 [21] A lens comprising the coating film as describ ed in [19] 

in a surface section thereof. 

[0036] 10 

 [22] An image display device comprising the coatin g film as 

described in [19] on the surface thereof. 

 

EFFECT OF THE INVENTION 

[0037] 15 

 The porous metal oxide particle of the present inv ention can 

be used for various types of applications because o f their smaller 

mean particle size and homogeneous particle sizes, and can 

effectively produce desired characteristics.  For e xample, the 

porous metal oxide particles of the present inventi on can be easily 20 

uniformly dispersed to a binder resin to provide a resin composition 

having higher transparency. 

 Further, the metal oxide porous particles of the p resent 

invention have larger pore size of the mesopores as  compared with 

that of the conventional particles, so that larger voids are contained 25 

in the inside of the particles.  Thus, the particle s have enhanced 

adsorption property, can include desired substances  in the pores.  
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 Also, the particles, which contain larger air laye r within the 

particles, can contribute to improvements in the ch aracteristics such 

as light weighting, thermal insulating properties, low refractive 

index, low dielectric constant and the like.  Since  the porous metal 

oxide particles of the present invention possess th e above-described 5 

characteristics, these can be employed for various types of 

applications. 

Also, the method of producing the porous metal oxid e particles of 

the present invention has enhanced flexibility in t he particle design, 

and proportion of mesopores (porosity) existing in one particle can 10 

be freely changed, so that the porous metal oxide p articles of the 

present invention can be obtained with improved eff iciency. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] 15 

 The above and other objectives, advantages and fea tures of the 

present invention will be more apparent from the fo llowing 

description of certain preferred embodiments taken in conjunction 

with the accompanying drawings. 

[0039] 20 

 Fig. 1 is a schematic cross-sectional view, illust rating a 

porous metal oxide particle according to First Embo diment. 

 Fig. 2 is a schematic cross-sectional view, illust rating the 

organic and inorganic composite particle in First E mbodiment. 

 Fig. 3 is a transmission electron microscope (TEM)  image of 25 

porous silica particles obtained in Example a5. 

 Fig. 4 is a TEM image of silica particles obtained  in Reference 
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Example a1. 

 Fig. 5 is a TEM image of porous silica particles o btained in 

Comparative Example a2. 

 Fig. 6 is a TEM image of porous silica particles o btained in 

Comparative Example a3. 5 

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

a10. 

 Fig. 8 is TEM image (magnified) of porous silica p articles 

obtained in Example a10. 

 Fig. 9(a) is a graph, illustrating values of BJH p ore size (rp: 10 

radius) of a porous silica particle obtained in Exa mple a10 presented 

by Barrett, Joyner and Halenda (BJH) method from an  adsorption 

isothermal curve of nitrogen adsorption, and Fig. 9 (b) is a graph, 

illustrating values of connecting pores (rp: radius ) between 

mesopores presented by BJH method from desorption i sothermal curve. 15 

 

DESCRIPTION OF EMBODIMENTS 

[0040] 

 Porous metal oxide particles of the present invent ion, methods 

of producing thereof, and applications thereof will  be described on 20 

the basis of First embodiment and Second Embodiment  as follows. 

[0041] 

<First Embodiment> 

 Porous Metal oxide particles according to the pres ent 

embodiment have 50 % mean particle size by volume e qual to or larger 25 

than 50 nm and equal to or smaller than 300 nm, a r atio of 90 % mean 

particle size by volume to 50 % mean particle size by volume (D90/D50) 
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equal to or lower than 2.0, mesopores having pore s ize determined 

by Barrett-Joyner-Halenda method (BJH method) equal  to or larger than 

5 nm and equal to or smaller than 30 nm, and the po re having 

three-dimensional cubic phase structure. 

 The present embodiment will be described in refere nce to 5 

drawings when appropriate.  In all drawings, an ide ntical symbol is 

assigned to an identical composing element, and the  detailed 

description thereof will be omitted when appropriat e. 

[0042] 

<Porous Metal Oxide Particles> 10 

 The porous metal oxide particles of the present em bodiment are 

so-called monodisperse particles, substantially hom ogeneous in size 

and high in dispersibility. As shown in Fig. 1, the  porous metal 

oxide particle has substantially homogeneous mesopo res in the inside 

thereof, and the mesopores constitute a three-dimen sional cubic phase 15 

structure, and these mesopores are connected to eac h other.  The 50 % 

mean particle size by volume of the porous metal ox ide particles of 

the present embodiment is equal to or larger than 5 0 nm and equal 

to or smaller than 300 nm by the external size, and  is preferably 

equal to or larger than 50 nm and equal to or small er than 100 nm, 20 

and is more preferably equal to or larger than 60 n m and equal to 

or smaller than 90 nm.  The particle sizes within t his range allow 

easy production of the particles, and thus such par ticles can be used 

for various types of applications, in which desired  characteristics 

can be effectively produced.  For example, when the se are used as 25 

a resin composition as will be discussed later, the se can be uniformly 

dispersed in the binder resin to obtain a resin com position having 
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enhanced transparency. 

[0043] 

 Also, in the porous metal oxide particles of the p resent 

embodiment, the ratio of 90 % mean particle size by  volume to 50 % 

mean particle size by volume (D90/D50) is equal to or lower than 2.0, 5 

and is preferably equal to or lower than 1.5, and i s more preferably 

equal to or higher than 1.0 and equal to or lower t han 1.4.  The ratios 

within this range can provide a narrower particle s ize distribution 

with reduced number of coarse particles, resulting in an enhanced 

handling ability and effective expression of desire d characteristics.  10 

For example, when such particles are used as a resi n composition as 

will be discussed later, such use is preferable in terms of uniform 

dispersibility in the binder resin and transparency  of the obtained 

resin. 

[0044] 15 

 Also, the porous metal oxide particles of the pres ent 

embodiment have mesopores, in which the BJH pore si ze is equal to 

or larger than 5 nm and equal to or smaller than 30  nm, and is preferably 

equal to or larger than 10 nm and equal to or small er than 25 nm.  

The pore structure thereof is an ordered three-dime nsional cubic 20 

phase structure.  The porous metal oxide particles of the present 

embodiment are easily dispersed uniformly in a film  or paint because 

of the monodispersibility of the particles, and exh ibit enhanced 

transparency due to their smaller external size.  S ince the mesopores 

having the BJH pore size equal to or larger than 5 nm and equal to 25 

or smaller than 30 nm are contained, and the pore s tructure thereof 

is configured of an ordered three-dimensional cubic  phase structure, 
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large voids are contained within the particles.  Th erefore, a high 

adsorption property can be expected.  Also, since l arge air layers 

are contained within the particles, characteristics  such as 

light-weight, thermal insulating properties, low re fractive index, 

low dielectric constant and the like can be expecte d. 5 

 The specific surface area of the porous metal oxid e particles 

of the present embodiment is preferably equal to or  larger than 80 

m2/g, and is more preferably equal to or larger than 100 m 2/g, and 

is particularly preferably equal to or larger than 150 m 2/g. 

 Also, in terms of thermal conductivity, it is more  advantageous 10 

if there is no anisotropy derived from their shape,  it is preferable 

to have a spherical shape and contain homogenous me sopores. 

[0045] 

 The external size of the porous metal oxide partic le can be 

confirmed from a sample dispersed in water with a p article size 15 

distribution measurement apparatus according to dyn amic light 

scattering (DLS).  The size of the mesopore can be observed from image 

photographs of TEM, or alternatively can be calcula ted via the BJH 

method from adsorption isothermal curves of the nit rogen gas 

adsorption method.  Alternatively, the sizes of the  apertures 20 

connecting through the mesopores can be calculated via BJH method 

from desorption isothermal curves of the nitrogen g as adsorption 

method.  In general, it can be evaluated that the s tructure is in 

a three-dimensional cubic phase structure if the pe ak of the 

desorption is different from that of the adsorption , and on the other 25 

hand, it can be evaluated that the structure is in a two-dimensional 

cylinder structure if these peaks are in substantia lly the same 
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position. 

[0046] 

 In the present embodiment, examples of the metal i nclude not 

only the typical metal materials but also include s emimetal such as 

silicon (Si).  The metal oxide of the present embod iment is preferably 5 

an oxide of a metal selected from silicon (Si), alu minum (Al), zinc 

(Zn), zirconium (Zr), indium (In), tin (Sn), titani um (Ti), lead (Pb), 

hafnium (Hf), cobalt (Co), lithium (Li), barium (Ba ), iron (Fe) and 

manganese (Mn), and in terms of the fact that the r efractive index 

and the thermal conductivity of the material itself  are relatively 10 

low among metal oxides, silicon oxide (silica) is p articularly 

preferable. 

 Also, the metal oxide may be a composite oxide con taining 

multiple metals. 

[0047] 15 

<Method of Producing Porous Metal Oxide Particles> 

 The method of producing the porous metal oxide par ticles of 

the present embodiment comprises: 

 a step (1) of obtaining organic and inorganic comp osite 

particles by a sol-gel reaction of a metal oxide pr ecursor in the 20 

presence of a water-insoluble polymer particles tha t is capable of 

being dispersed in a water-based medium; and 

 a step (2) of removing the aforementioned water-in soluble 

polymer particles from the aforementioned organic a nd inorganic 

composite particles to obtain porous metal oxide pa rticles. 25 

[0048] 

 The organic and inorganic composite particles obta ined in the 
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step (1) contains water-insoluble polymer particles  in particles 

composed of metal oxide, and the water-insoluble po lymer particles 

serving as the template are removed in the step (2)  to produce the 

porous metal oxide particles of the present embodim ent. 

[0049] 5 

 For more details, the step (1) comprises step (1-1 ) and step 

(1-2). 

 Step (1-1): a step of obtaining a mixture by addin g 

water-insoluble polymer particles having 50 % mean particle size by 

volume equal to or larger than 5 nm and equal to or  smaller than 30 10 

nm and a base catalyst in water and/or an organic s olvent capable 

of dissolving a part of or all of water. 

 Step (1-2): a step of obtaining organic and inorga nic composite 

particles by mixing a metal oxide precursor with th e mixture obtained 

in the aforementioned step (1-1) and carrying out a  sol-gel reaction 15 

of the metal oxide precursor. 

[0050] 

 As described above, it is necessary to conduct the  sol-gel 

reaction of the metal oxide precursor with the base  catalyst in the 

presence of the water-insoluble polymer particles i n the present 20 

embodiment.  The progress of the sol-gel reaction i s accelerated by 

the base catalyst, and further, metal oxide precurs or 

three-dimensionally forms a dense gel so as to cont ain the 

water-insoluble polymer particles therein to allow preferentially 

providing the organic and inorganic composite parti cles. 25 

 The respective steps will be sequentially describe d as follows. 

[0051] 
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[Step (1-1)] 

 Specifically, in step (1-1), water-insoluble polym er particles 

(X) (hereinafter referred to as "component" (X) whe n appropriate), 

water and/or an organic solvent capable of dissolvi ng a part of or 

all of water (Y) (hereinafter referred to as "compo nent" (Y) when 5 

appropriate) and a base catalyst (Z) (hereinafter r eferred to as 

"component" (Z) when appropriate) are mixed to prep ared a mixture.  

It is preferable in step (1-1) to obtain a mixture by mixing a water 

dispersion of the water-insoluble polymer particles  as will be 

discussed later, water and/or the organic solvent c apable of 10 

dissolving a part of or all of water and the base c atalyst. 

[0052] 

 The water-insoluble polymer particles (X) will be described 

in detail. 

 It is preferable that the water-insoluble polymer particles 15 

have 50 % mean particle size by volume equal to or larger than 5 nm 

and equal to or smaller than 30 nm.  The porous met al oxide particles 

obtained from the above-described water-insoluble p olymer particles 

are used to achieve a transparent film or coating f ilm with enhanced 

thermal insulation. 20 

Concerning the method of measuring the external siz e, for example, 

a method using a particle size distribution analyze r (DLS), and a 

method of direct observation using a transmission e lectron microscope 

(TEM) or a scanning electron microscope (SEM), or t he like are 

applicable. 25 

[0053] 

 Concerning the water-insoluble polymer particles ( X) used in 
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the present embodiment, polymer particles dispersib le in water-based 

medium, such as polyolefin based, poly (meth)acryli c acid ester based, 

polystyrene based, polyurethane based, polyacryloni trile based, 

polyvinyl chloride based, polyvinylidene chloride b ased, polyvinyl 

acetate based, or polybutadiene based polymer parti cles are 5 

preferable.  In particular, polyolefin based water- insoluble 

polymer particles are prone to form the water-insol uble polymer 

particles having the external size equal to or smal ler than 30 nm, 

and thus are preferably used.  Terminal branched po lyolefin based 

copolymer particles represented by the following ge neral formula (1) 10 

are more preferable. 

[0054] 

[Terminal Branched Polyolefin Based Copolymer Parti cle] 

 

[0055] 15 

 In the formula, A represents polyolefin chain.  R 1 and R 2 

represent hydrogen atom or alkyl group having 1 to 18 carbon atoms, 

and at least one of them is hydrogen atom, and X 1 and X 2, which may 

be the same or different groups, represent a group having straight 

or branched polyalkylene glycol group. 20 
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[0056] 

 Number average molecular weight of the terminal br anched 

polyolefin based copolymer particles represented by  general formula 

(1) is equal to or lower than 2.5 x 10 4, and is preferably equal to 

or lower than 1.5 x 10 4, and is more preferably equal to or lower 5 

than 4.0 x 10 3.  And on the other hand, it is preferably equal to  or 

higher than 5.5 x 10 2, and is more preferably equal to or higher than 

8 x 10 2.  The above-described number average molecular wei ght is 

represented by the sum of number average molecular weight of 

polyolefin chain represented by A, number average m olecular weight 10 

of groups having polyalkylene glycol groups represe nted by X 1 and 

X2 and the additional molecular weights corresponding  to R 1, R 2 and 

C2H. 

[0057] 

 The number average molecular weight of the termina l branched 15 

polyolefin based copolymer particle within the abov e-described range 

provides tendency to enhance the stability of parti cles in the 

dispersion and to enhance the dispersibility into w ater and/or the 

organic solvent miscible or partially miscible with  water, in the 

case of using the terminal branched polyolefin base d copolymer 20 

particles as the dispersoid, and also allows easy p reparation of the 

dispersion, and thus is preferable. 

[0058] 

 Polyolefin chain, which is A in general formula (1 ) is obtained 

by polymerizing olefin having 2 to 20 carbon atoms.   Examples of 25 

olefins having 2 to 20 carbon atoms include alpha o lefins such as 

ethylene, propylene, 1-butene, 1-hexene and the lik e.  In this 
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embodiment, this may be homopolymer or copolymer of  these olefins, 

or alternatively may be copolymer with other polyme ric unsaturated 

compound as far as the characteristics are not dete riorated.  Among 

these olefins, ethylene, propylene and 1-butene are  particularly 

preferable. 5 

[0059] 

 Number average molecular weight of polyolefin chai n 

represented by A in general formula (1) measured by  gel permeation 

chromatograph (GPC) is from 400 to 8,000, and is pr eferably from 500 

to 4,000, and is more preferably from 500 to 2,000.   Here, number 10 

average molecular weight is a value in terms of pol ystyrene. 

[0060] 

 Number average molecular weight of polyolefin chai n 

represented by A within the above-described range p rovides a tendency 

to allow high crystallinity of the polyolefin moiet y and enhanced 15 

stability of the dispersion, and also provides tend ency to allow low 

melt viscosity and easy preparation of the dispersi on, and thus is 

preferable. 

[0061] 

 Ratio of weight average molecular weight (Mw) to n umber average 20 

molecular weight (Mn) of polyolefin chain represent ed by A in general 

formula (1), or in other words, molecular weight di stribution (Mw/Mn) 

that is measured by GPC, is not particularly limite d, and is ordinarily 

from 1.0 to several tens, and is more preferably eq ual to or lower 

than 4.0, and more preferably equal to or lower tha n 3.0. 25 

[0062] 

 Molecular weight distribution (Mw/Mn) of polyolefi n chain 
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represented by A in general formula (1) within the above-described 

range is preferable, in views of such as shapes of the particles in 

the dispersion and uniformity of the particle size.  

[0063] 

 A weight average molecular weight (Mw), a number a verage 5 

molecular weight (Mn), and molecular weight distrib ution (Mw/Mn) of 

polyolefin chain represented by A determined by GPC  can be measured, 

for example, using GPC -150, commercially available  from Merck 

Millipore, under the following conditions. 

Separation column: TSK GNH HT (column size: 7.5 mm in diameter; 300 10 

mm in length); 

Column temperature: 140 degrees C; 

Mobile phase: orthodichlorobenzene (commercially av ailable from Wako 

Pure Chemical Industries, Ltd.); 

Antioxidizing agent: butylhydroxytoluene (commercia lly available 15 

from Takeda Pharmaceutical Co., Ltd.) 0.025 % by ma ss; 

Moving rate: 1.0 ml/min.; 

Sample concentration: 0.1 % by mass; 

Sample injection volume: 500 microliter; and 

Detector: differential refractometer. 20 

[0064] 

 In addition to above, molecular weight of polyolef in chain 

represented by A can be determined by measuring mol ecular weight of 

polyolefin having unsaturated group in one terminal  as will be 

discussed later, and subtracting molecular weight e quivalency 25 

corresponding to such terminal therefrom. 

[0065] 
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 R 1 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. 5 

[0066] 

 In general formula (1), X 1 and X 2 are the same or different groups, 

and represent a functional group containing straigh t or branched 

polyalkylene glycol groups each having number avera ge molecular 

weight of from 50 to 10,000.  Examples of a branchi ng form of branched 10 

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 o two or more 

nitrogen atoms, oxygen atoms or sulfur atoms in add ition to the main 

skeleton, or a branching via a nitrogen atom bound to two alkylene 15 

groups in addition to the main skeleton, or the lik e. 

[0067] 

 Number average molecular weight of the group havin g 

polyalkylene glycol group within the above-describe d range shows the 

tendency to enhance dispersibility of the particles , and also tends 20 

to exhibit low melt viscosity, which allows easy pr eparation of 

dispersion, and thus it is preferable. 

[0068] 

 X 1 and X 2 of general formula (1) having the above-described 

structure allows providing polymer particles compos ed of terminal 25 

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 need for using 

a surfactant. 

[0069] 

 Preferable examples of X 1 and X 2 in general formula (1), each 

of which is same or different, are groups represent ed by general 5 

formula (2): 

[0070] 

 

[0071] 

(In the formula, E represents oxygen atom or sulfur  atom, X 3 represents 10 

polyalkylene glycol group or group represented by g eneral formula 

(3): 

[0072] 

 

[0073] 15 

(In the formula, R 3 represents m+1 valent hydrocarbon group, 

G, which is the same or different groups, represent s a group 

represented by -OX 4 or -NX 5X6 (X 4 to X 6 represent a polyalkylene glycol 

group.), and m represents a number of bonds of R 3 with G and is an 

integer of from 1 to 10.)) 20 

or group represented by general formula (4): 

[0074] 
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[0075] 

(In the formula, X 7 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)). 5 

[0076] 

 Group represented by R 3 in general formula (3) is m+1 valent 

hydrocarbon group having 1 to 20 carbon atoms.  m i s an integer of 

1 to 10, and is preferably an integer of 1 to 6, an d is particularly 

preferably an integer of 1 to 2. 10 

[0077] 

 A preferable example of general formula (1) includ es terminal 

branched polyolefin based copolymer, in which any o ne of X 1 and X 2 

in general formula (1) is group represented by gene ral formula (4).  

Further preferable example includes terminal branch ed polyolefin 15 

copolymer, in which one of X 1 and X 2 is group represented by general 

formula (4) and the other is group represented by g eneral formula 

(2). 

[0078] 

 Other preferable example of general formula (1) in cludes 20 

terminal branched polyolefin based copolymer, in wh ich any one of 

X1 and X 2 in general formula (1) is group represented by gen eral formula 

(2), and more preferably both of X 1 and X 2 are groups represented by 

general formula (2). 
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[0079] 

 Further preferable structure of general formula (4 ) is group 

represented by general formula (5). 

[0080] 

 5 

[0081] 

(In the formula, X 9 and X 10 are same or different and represent 

polyalkylene glycol groups, and Q 1 and Q 2 are same or different and 

respectively represent divalent hydrocarbon groups. ) 

[0082] 10 

 Divalent hydrocarbon groups represented by Q 1 and Q 2 in general 

formula (5) are preferably divalent alkylene group,  and are more 

preferably alkylene group having 1 to 20 carbon ato ms.  Alkylene group 

having 1 to 20 carbon atoms may or may not have sub stituent groups, 

which include, for example, ethylene group, methyle thylene group, 15 

ethylethylene group, dimethylethylene group, phenyl ethylene group, 

chloromethylethylene group, bromomethylethylene gro up, 

methoxymethylethylene group, aryloxymethylethylene group, 

propylene group, trimethylene group, tetramethylene  group, 

hexamethylene group, cyclohexylene group and the li ke.  Preferable 20 

alkylene group is hydrocarbon based alkylene group,  and is 

particularly preferably ethylene group and methylet hylene group, and 
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is more preferably ethylene group.  Q 1 and Q 2 may be one type of 

alkylene group, or may include two or more types of  alkylene groups 

co-existing therein. 

[0083] 

 Further preferable structure of X 1 and X 2 represented by general 5 

formula (1) is group represented by general formula  (6). 

[0084] 

 

[0085] 

(In the formula, X 11 represents polyalkylene glycol group.) 10 

[0086] 

 Polyalkylene glycol groups represented by X 3 to X 11 are groups 

obtained by conducting addition polymerization of a lkylene oxides.  

Examples of Alkylene oxide constituting polyalkylen e glycol group 

represented by X 3 to X 11 include ethylene oxide, propylene oxide, 15 

butylene oxide, styrene oxide, cyclohexene oxide, e pichlorohydrin, 

epibromohydrin, methylglycidyl ether, allylglycidyl  ether and the 

like.  Among these, preferable choices are propylen e oxide, ethylene 

oxide, butylene oxide and styrene oxide.  More pref erable choices 

are propylene oxide and ethylene oxide, and the mos t preferable choice 20 

is ethylene oxide.  Polyalkylene glycol groups repr esented by X 3 to 

X11 may be groups obtained by homopolymerization of th ese alkylene 

oxides, or may be groups obtained by copolymerizati on of two or more 

of these alkylene oxides.  Examples of preferable p olyalkylene glycol 

groups include polyethylene glycol group, polypropy lene glycol group, 25 

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] 

 X 1 and X 2 in general formula (1) having the above-described 

structure allows enhanced dispersibility in water a nd/or the organic 5 

solvent miscible or partially miscible with water i n the case of using 

terminal branched polyolefin based copolymer partic les of the present 

embodiment as the dispersoid, and thus is preferabl e. 

[0088] 

 It is preferable to use polymer represented by the  following 10 

general formula (1a) or (1b) for the terminal branc hed polyolefin 

based copolymer particles that can be used in the p resent embodiment. 

[0089] 

 

[0090] 15 

(In the formula, R 4 and R 5 represent hydrogen atom or alkyl group having 

1 to 18 carbon atoms and at least one of them is hy drogen atom.  Alkyl 

group having 1 to 9 carbon atoms is preferable for alkyl group and 

alkyl group having 1 to 3 carbon atoms is further p referable.  R 6 and 

R7 represent hydrogen atom or methyl group and at lea st one thereof 20 

is hydrogen atom.  R 8 and R 9 represent hydrogen atom or methyl group 

and at least one thereof is hydrogen atom. 
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 l+m represents an integer equal to or larger than 2 and equal 

to or smaller than 450, and is preferably an intege r equal to or larger 

than 5 and equal to or smaller than 200. 

 n represents an integer equal to or larger than 20  and equal 

to or smaller than 300, and is preferably an intege r equal to or larger 5 

than 25 and equal to or smaller than 200.) 

[0091] 

 

[0092] 

(In the formula, R 4 and R 5 represent a hydrogen atom or an alkyl group 10 

having 1 to 18 carbon atoms and at least one of the m is hydrogen atom.  

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 atoms is further 

preferable.  R 6 and R 7 represent hydrogen atom or methyl group and 

at least one of them is a hydrogen atom.  R 8 and R 9 represent hydrogen 15 

atom or methyl group and at least one thereof is hy drogen atom.  R 10 

and R 11 represent hydrogen atom or methyl group and at lea st one of 

them is hydrogen atom. 

 l+m+o represents an integer equal to or larger tha n 3 and equal 

to or smaller than 450, and is preferably an intege r equal to or larger 20 

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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to or smaller than 300, and is preferably an intege r equal to or larger 

than 25 and equal to or smaller than 200.) 

[0093] 

 It is further preferable to use a polymer represen ted by the 

following general formula (1c) for the polymer repr esented by general 5 

formula (1b). 

[0094] 

 

[0095] 

(In the formula, l+m+o and n are identical to those  in general formula 10 

(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 15 

ethyleneglycol units in polyethylene glycol chain ( l+m or l+m+o) can 

be calculated on the assumption that a weight ratio  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 20 

polyethylene glycol group. 

[0096] 

 n, l+m or l+m+o can also be determined by 1H-NMR.  For example, 
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these can be calculated for a terminal branched pol yolefin based 

copolymer (T) used in Example and dispersion partic les containing 

thereof by using an integrated value of the methyle ne group (shift 

value: 1.06-1.50 ppm) in the polyolefin chain repre sented in A and 

an integrated value of the alkylene group (shift va lue: 3.33-3.72 5 

ppm) in the polyethylene glycol (PEG), on the assum ption that an 

integrated value of the terminal methyl group (shif t value: 0.88 ppm) 

in polyolefin chain represented by A in general for mula (1) is 

equivalent to 3 protons. 

[0097] 10 

 More specifically, since molecular weight of methy l group is 

15, molecular weight of methylene group is 14, and molecular weight 

of ethylene oxide group is 44, number average molec ular weight of 

polyolefin chain represented by A and alkylene grou p can be calculated 

from values of the respective integrated values.  N umber average 15 

molecular weight of polyolefin chain represented by  A obtained here 

can be divided by molecular weight of ethylene unit  to calculate n, 

and number average molecular weight of alkylene gro up is divided by 

molecular weight of ethyleneglycol unit to calculat e total number 

(l+m or l+m+o) of ethyleneglycol units in PEG chain . 20 

[0098] 

 When polyolefin chain represented by A is composed  of 

ethylene-propylene copolymer, both of the content o f propylene that 

can be measured by IR, 13C-NMR or the like and the integrated value 

in 1H-NMR can be used to calculate n and l+m or l+m+o.  A method of 25 

using internal standard in 1H-NMR is also effective. 

[0099] 
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 The aforementioned terminal branched polyolefin ba sed 

copolymer particles can be prepared by, for example , a method as 

described in WO2010/103856. 

[0100] 

 The polymer particles of the present embodiment co mposed of 5 

the above-described terminal branched polyolefin ba sed copolymer are 

the rigid particles having a structure, in which po lyolefin chain 

moiety represented by A in general formula (1) is o riented toward 

the inside and such polyolefin chain moiety has cry stallinity. 

[0101] 10 

 The terminal branched polyolefin based copolymer p articles of 

the present embodiment can also be dispersed in a l iquid such as a 

solvent again even after the separation of the part icles by drying 

the dispersion, since polyolefin chain moiety there of has 

crystallinity.  The terminal branched polyolefin ba sed copolymer 15 

particle of the present embodiment is a rigid parti cle, in which 

melting point of polyolefin chain moiety included i n the particle 

is preferably equal to or higher than 80 degrees C,  and is more 

preferably equal to or higher than 90 degrees C. 

[0102] 20 

 The melting point of polyolefin chain moiety of eq ual to or 

higher than the above-described temperature allows providing rigid 

particle having better crystallinity, such that col lapse of particle 

is restrained even though the particle is heated to  higher 

temperature. 25 

 Thus, since the collapse of the particle is restra ined in the 

manufacturing process or in the situation of use on  various types 
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of applications as will be discussed later, the yie ld of the product 

and the quality of the product are further stabiliz ed without 

deteriorating the characteristics of the terminal b ranched 

polyolefin based copolymer particles of the present  embodiment. 

[0103] 5 

 The terminal branched polyolefin based copolymer p articles of 

the present embodiment exhibit a constant particle size regardless 

of dilution concentration even if it is dispersed t o a solvent.  In 

other words, these particles are redispersible and constant in size, 

and therefore these particles are different from mi celle particles 10 

dispersing in a liquid. 

[0104] 

[Non-Water-Soluble Polymer Particle Dispersion] 

 The dispersion of the present embodiment contains the 

above-described water-insoluble polymer particles, preferably the 15 

aforementioned terminal branched polyolefin based c opolymer 

particles, as a dispersoid, and such dispersoid is dispersed as 

particles in water and/or the organic solvent capab le of dissolving 

a part of or all of water. 

[0105] 20 

 In the present embodiment, the dispersion formed b y dispersing 

the water-insoluble polymer particles includes any one of, for 

example: 

(1) a dispersion obtained during the production of the 

water-insoluble polymer particles, which contains t he polymer 25 

particles; 

(2) a dispersion obtained by additionally dispersin g or dissolving 
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other dispersoids or additives in the dispersion co ntaining the 

water-insoluble polymer particles obtained in the p roduction of the 

polymer particles; and 

(3) a dispersion obtained by dispersing the water-i nsoluble polymer 

particles in water or an organic solvent having an affinity for water 5 

with additionally dispersing or dissolving other di spersoids or 

additives. 

[0106] 

 Ratio of the aforementioned water-insoluble polyme r particles 

contained in the dispersion of the present embodime nt is preferably 10 

from 0.1 to 50 % by mass provided that whole disper sion is 100 % by 

mass, and is more preferably from 1 to 40 % by mass , and is further 

preferably from 1 to 20 % by mass. 

[0107] 

 The ratio of the contained water-insoluble polymer  particles 15 

within the above-described range allows providing e nhanced 

practicality of the dispersion and maintaining appr opriate level of 

viscosity, and providing easy handling, and thus is  preferable. 

[0108] 

 In addition, the 50 % mean particle size by volume  of the 20 

particles in the dispersion of the present embodime nt is preferably 

equal to or larger than 5 nm and equal to or smalle r than 30 nm. 

[0109] 

 The 50 % mean particle size by volume of particle can be suitably 

controlled by changing the molecular weight, ratio of hydrophilic 25 

group to lipophilic group, the degree of branch of the water-insoluble 

polymer and the like. 
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 For example, this can be adjusted by suitably chan ging the 

structure of polyolefin moiety in the aforementione d terminal 

branched polyolefin based copolymer and the structu re of terminal 

branch moiety. 

 Here, the 50 % mean particle size by volume in the  present 5 

embodiment means the diameter of the particle at th e time that the 

cumulative volume reaches to 50 % provided that the  whole volume is 

100 %, and can be measured by using a dynamic light  scattering particle 

size distribution analyzer or a microtruck particle  size analyzer. 

 In addition, the shape thereof can be observed by a transmission 10 

electron microscope (TEM) after it is negatively st ained with, for 

example, phosphotungstic acid. 

[0110] 

 The dispersion in the present embodiment is obtain ed by 

dispersing the water-insoluble polymer particles in  water and/or an 15 

organic solvent miscible or partially miscible with  water. 

[0111] 

 The dispersing in the present embodiment can be ac hieved via 

a method of physically dispersing the water-insolub le polymer 

particles in water and/or the organic solvent misci ble or partially 20 

miscible with water with mechanical shear force. 

[0112] 

 The dispersing method is not particularly limited to any 

specific method, and various types of dispersing me thods can be used.  

More specifically, examples of available methods in clude: a method 25 

of dispersing a molten mixture with a high pressure  homogenizer, a 

high pressure homomixer, an extruding kneader, an a utoclave or the 
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like, in which the molten mixture is made by mixing  the water-insoluble 

polymer particles with water and/or the organic sol vent capable of 

dissolving a part of or all of water and then makin g the mixture into 

the molten state; a method of injection-pulverizing  at a high 

pressure; and a method of atomizing through a spray  nozzle.  In 5 

addition, available method may alternatively be a m ethod of 

preliminarily dissolving the aforementioned water-i nsoluble polymer 

particles in a solvent other than water, and then m ixing the resultant 

mixture with water and/or the organic solvent misci ble or partially 

miscible with water, and then dispersing the mixtur e with a high 10 

pressure homogenizer, a high pressure homomixer or the like.  In such 

case, the solvent used for the dissolution of the w ater-insoluble 

polymer particles is not particularly limited as lo ng as the 

water-insoluble polymer particles can be dissolved,  and examples 

include toluene, cyclohexane, or organic solvents e xhibiting better 15 

affinity with water.  If an incorporation of an org anic solvent other 

than water in the dispersion is not preferable, suc h incorporated 

solvent can be removed by an operation such as a di stillation or the 

like. 

[0113] 20 

 Furthermore specifically, the dispersion can be ob tained by 

thermally stirring while applying shear force in, f or example, an 

auto clave with stirrer that can apply shear force,  at a temperature, 

at which the water-insoluble polymer particles are in molten state 

and are not deteriorated by the heating, specifical ly for example, 25 

equal to or higher than 100 degrees C and preferabl y from 120 to 200 

degrees C in the case of that the aforementioned wa ter-insoluble 
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polymer particles are the terminal branched polyole fin based 

copolymer particles. 

[0114] 

 Time required for dispersing is, depending upon th e dispersing 

temperature and other dispersing conditions, on the  order of from 5 

1 to 300 minutes.  The dispersing can be sufficient ly conducted and 

the water-insoluble polymer particles are hard to b e deteriorated 

within the above-described stirring time, and thus such time duration 

is preferable.  It is preferable after the reaction  to maintain the 

shear force-applying state until the temperature in  the dispersion 10 

is equal to or lower than 100 degrees C, preferably  equal to or lower 

than 60 degrees C. 

[0115] 

 While an addition of a surfactant is not indispens able in the 

production of the dispersion used in the present em bodiment, for 15 

example, an anionic surfactant, a cationic surfacta nt, an ampholytic 

surfactant, a nonionic surfactant or the like may b e present 

therewith. 

[0116] 

 Examples of anionic surfactant include: carboxylat e, simple 20 

alkyl sulfonate, modified alkyl sulfonate, alkyl al lyl sulfonate, 

alkylsulfuric acid ester salt, sulfate oil, sulfate  ester, fatty acid 

monoglyceride sulfate, alkanolamide sulfate, ether sulfate, alkyl 

phosphate, alkyl benzene phosphonate, naphthalenesu lfonate 

formaldehyde condensate and the like. 25 

[0117] 

 Examples of cationic surfactant includes: simple a mine salt, 
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modified amine salt, tetraalkyl quaternary ammonium  salt, modified 

trialkyl quaternary ammonium salt, trialkyl benzyl quaternary 

ammonium salt, modified trialkyl benzyl quaternary ammonium salt, 

alkyl pyridinium salt, modified alkyl pyridinium sa lt, alkyl 

quinolinium salt, alkyl phosphonium salt, alkyl sul fonium salt and 5 

the like. 

[0118] 

 Examples of ampholytic surfactant include, for exa mple: 

betaine, sulfobetaine, sulfate betaine and the like . 

[0119] 10 

 Examples of nonionic surfactant include, for examp le: fatty 

acid monoglycerin ester, fatty acid polyglycol este r, fatty acid 

sorbitan ester, fatty acid sucrose ester, fatty aci d alkanol amide, 

fatty acid polyethylene glycol condensate, fatty am ide polyethylene 

glycol condensate, fatty acid alcohol polyethylene glycol condensate, 15 

fatty acid amine polyethylene glycol condensate, fa tty acid mercaptan 

polyethylene glycol condensate, alkyl phenol polyet hylene glycol 

condensate, polypropylene glycol polyethylene glyco l condensate and 

the like.  One of these surfactants may be used alo ne, or two or more 

of these surfactants may also be used. 20 

[0120] 

 In the process of producing the dispersion used in  the present 

embodiment, a filtration step may be added to the p rocess for the 

purpose of eliminating contaminants.  In such case,  for example, a 

stainless-steel filter (wire diameter 0.035 mm, pla in weave) of about 25 

300 mesh may be installed to carry out a pressure f iltration (air 

pressure 0.2 MPa). 
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[0121] 

 In the dispersion obtained by the above-described method, none 

of agglomeration and precipitation is caused even i f pH is changed 

from 1 to 13 by adding various types of acid and ba se, for example, 

an acid such as hydrochloric acid, sulfuric acid, p hosphoric acid 5 

and the like, and/or a base such as potassium hydro xide, sodium 

hydroxide, calcium hydroxide and the like.  In addi tion, none of 

agglomeration and precipitation is caused even if t his dispersion 

is placed under ordinary pressure at a temperature within broader 

range, which causes repetitions of heating and refl ux or freezing 10 

and thawing. 

[0122] 

 Water in the above-described method is not particu larly limited, 

and distilled water, ion-exchange water, urban wate r, industrial 

water or the like may be used, however, distilled w ater and 15 

ion-exchange water are preferably used. 

[0123] 

 In addition, the organic solvent exhibiting better  affinity 

with water in the above-described method is not par ticularly limited 

as long as the dispersoid such as water-insoluble p olymer particles 20 

or surfactant can be dispersed therein, and example s include, 

ethyleneglycol, tetraethylene glycol, isopropyl alc ohol, acetone, 

acetonitrile, methanol, ethanol, dimethylsulfoxide,  

dimethylformamide, dimethyl imidazolidinone and the  like.  If an 

incorporation of an organic solvent in the dispersi on is not 25 

preferable, such organic solvent can be removed by an operation such 

as a distillation or the like after the dispersion containing the 
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dispersoid is prepared. 

[0124] 

 The dispersion in the present embodiment preferabl y contains 

from 0.001 parts by mass to 20 parts by mass, more preferably from 

0.01 parts by mass to 10 parts by mass, further pre ferably from 0.1 5 

parts by mass to 5 parts by mass, of a dispersoid e xcept the terminal 

branched polyolefin based copolymer particles, prov ided that the 

aforementioned water-insoluble polymer particles ar e 100 parts by 

mass.  The content of the dispersoid within the abo ve-described range 

provides practically enhanced physical properties a nd difficulty in 10 

causing agglomeration and precipitation, and thus i s preferable. 

[0125] 

[Water and/or Organic Solvent Miscible or partially  miscible with 

Water (Y)] 

 The component (Y) in the present embodiment is add ed for the 15 

purpose of further hydrolyzing a metal oxide precur sor (W) 

(hereinafter, appropriately referred to as "compone nt" (W)). 

[0126] 

 In addition, examples of the component (Y) include  a solvent 

to use for obtaining an aqueous dispersion by using  the 20 

water-insoluble polymer, a solvent to use for mixin g the aqueous 

dispersion, metal alkoxide, and/or partial hydrolys is condensate, 

a component (Z) of a catalyst for sol-gel reaction which will be 

described later, and a solvent to use for mixing th e metal oxide 

precursor (W) which will be described later. 25 

[0127] 

 Water is not particularly limited, and distilled w ater, 
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ion-exchange water, urban water, industrial water o r the like may 

be used, and distilled water and ion-exchange water  are preferably 

used. 

[0128] 

 The organic solvent miscible or partially miscible  with water 5 

is not particularly limited as long as the organic solvent exhibits 

a better affinity for water and is capable of dispe rsing the 

water-insoluble polymer, and examples includes, met hanol, ethanol, 

propyl alcohol, isopropyl alcohol, acetone, acetoni trile, 

dimethylsulfoxide, dimethylformamide, dimethyl imid azolidinone, 10 

ethyleneglycol, tetraethylene glycol, dimethylaceta mide, 

N-methyl-2-pyrrolidone, tetrahydrofuran, dioxane, m ethyl ethyl 

ketone, cyclohexanone, cyclopentanone, 2-methoxyeth anol (methyl 

cellosolve), 2-ethoxyethanol (ethyl cellosolve), et hyl acetate and 

the like.  Among these, methanol, ethanol, propyl a lcohol, isopropyl 15 

alcohol, acetonitrile, dimethylsulfoxide, dimethylf ormamide, 

acetone, tetrahydrofuran and dioxane are preferable , since these 

exhibit enhanced affinity with water.  When these o rganic solvents 

are contained in the mixture, the particle size and  shape can be 

suitably controlled in the condensation of the meta l oxide precursor, 20 

such that the obtained product can be approached to  spherical fine 

particles with homogeneous sizes.  Furthermore, sin ce 

tetraethoxysilane (TEOS) and tetramethoxysilane (TM OS) are 

preferable for the component (W) as will be discuss ed later, alcohols 

such as ethanol and methanol are particularly prefe rable. 25 

[0129] 

[Base Catalyst (Z)] 
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 In the mixture composition used in the present emb odiment, a 

base catalyst is preferably used, in terms of suita bly controlling 

the condensation rate of the metal oxide precursor and creating 

spherical porous metal oxide materials.  More speci fically, this 

includes: ammonia; ammonium hydroxide (aqueous ammo nia); alkali 5 

metal hydroxide such as potassium hydroxide, sodium  hydroxide and 

the like; quaternary ammonium hydroxide such as tet ramethylammonium 

hydroxide, tetraethylammonium hydroxide, tetrabutyl ammonium 

hydroxide and the like; amines such as triethylamin e, tributylamine, 

morpholine, pyridine, piperidine, ethylenediamine, 10 

diethylenetriamine, ethanolamine, diethanolamine, t riethanolamine 

and the like; amino silanes such as 3-aminopropyltr iethoxysilane, 

N-(2-aminoethyl)-3-aminopropyltrimethoxysilane and the like.  Most 

preferably, ammonia and ammonium hydroxide (aqueous  ammonia) are used, 

in terms of easily controlling the particle size an d shape of the 15 

porous metal oxide material, and ammonium hydroxide  (aqueous ammonia) 

is further preferable in terms of the safety. 

[0130] 

[Step (1-2)] 

 In the step (1-2), the metal oxide precursor (W) i s mixed to 20 

the mixture obtained in the aforementioned step (1- 1), and the sol-gel 

reaction is conducted to obtain the organic and ino rganic composite 

particles. 

[0131] 

[Metal Oxide Precursor (W)] 25 

 Examples of metal oxide precursor include a metala lkoxide 

and/or a partial hydrolysis condensate thereof, a m 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 12)x 1M(OR13)y 1   (12) 5 

[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 acryloyl group, 10 

vinyl group or the like), halogen-containing group (halogenated alkyl 

groups such as chloropropyl group, fluoromethyl gro up or the like) 

and the like.  R 13 represents lower alkyl group having 1 to 6 carbon 

atoms, preferably having 1 to 4 carbon atoms.  x 1 and y 1 represent 

an integer so that x 1+y1 = 4 and x 1 is equal to or smaller than 2.  15 

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, 

and metals (alkoxide), which are capable of creatin g colorless metal 

oxide by a sol-gel reaction, such as Si, Al, Zn, Zr , In, Sn, Ti, Pb, 20 

Hf and the like are preferable, in terms of the ava ilability to use 

as an optical material.  Among these, silicon (Si),  aluminum (Al), 

zirconium (Zr), titanium (Ti) and the like are pref erably used, and 

these may be used in combination.  Among these, sil icon compounds 

have higher Industrial availability since these are  relatively cheap 25 

and easily obtainable, and reactions therewith mode rately progress.  

In addition, the metal alkoxide and/or the hydrolyt ic condensate 
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thereof may be a compound, which is capable of crea ting a metal oxide 

as will be discussed later via a sol-gel reaction b y addition of a 

catalyst and water. 

[0134] 

 Specific examples thereof include: alkoxy silanes such as 5 

tetramethoxysilane (TMOS), tetraethoxysilane (TEOS) , 

tetrapropoxysilane, tetraisopropoxy silane, methyl 

trimethoxysilane, methyl triethoxysilane, methyl tr ipropoxysilane, 

methyl tributoxysilane, ethyl trimethoxysilane, eth yl 

triethoxysilane, n-propyl trimethoxysilane, n-propy l 10 

triethoxysilane, isopropyl trimethoxysilane, isopro pyl 

triethoxysilane, dimethyl dimethoxysilane, dimethyl  diethoxysilane, 

diphenyl dimethoxysilane, diphenyl diethoxysilane, vinyl 

trimethoxysilane, vinyl triethoxysilane, phenyl tri methoxysilane, 

phenyl triethoxysilane, p-styryl trimethoxysilane, 15 

3-methacryloxypropyl methyl dimethoxysilane, 3-meth acryloxypropyl 

methyl diethoxysilane, 3-methacryloxypropyl trimeth oxysilane, 

3-methacryloxypropyl triethoxysilane, 3-acryloxypro pyl 

trimethoxysilane, 3-acryloxypropyl triethoxysilane,  3-chloropropyl 

triethoxysilane, trifluoromethyl trimethoxysilane, trifluoromethyl 20 

triethoxysilane and the like; alkoxy aluminum; alko xy zirconium; 

alkoxy titanium and the like associated therewith. 

[0135] 

 Further, in addition to these metal alkoxides, met al alkoxides 

having various types of functional groups in R 12 described in the 25 

following 1) to 4) may also be used. 

1) compounds having amino group and alkoxysilyl gro up such as 
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3-aminopropyl trimethoxysilane, 3-aminopropyl triet hoxysilane, 

3-aminopropyl methyl dimethoxysilane, 3-aminopropyl  methyl 

diethoxysilane, N-2-(aminoethyl)-3-aminopropyl meth yl 

dimethoxysilane, N-2-(aminoethyl)-3-aminopropyl tri methoxysilane, 

2-aminoethylamino methyl trimethoxysilane, 3-aminop ropyl dimethyl 5 

ethoxysilane, 2-(2-aminoethyl thioethyl) triethoxys ilane, 

p-aminophenyl trimethoxysilane, N-phenyl-3-aminopro pyl methyl 

dimethoxysilane, N-phenyl-3-aminopropyl methyl diet hoxysilane, 

N-phenyl-3-aminopropyl trimethoxysilane, N-phenyl-3 -aminopropyl 

triethoxysilane and the like. 10 

2) compounds having glycidyl group and alkoxysilyl group such as 

3-glycidoxypropyl propyl trimethoxysilane, 3-glycid oxypropyl 

propyl triethoxysilane, 3-glycidoxypropyl methyl di ethoxysilane and 

the like. 

3) compounds having thiol group and alkoxysilyl gro up such as 15 

3-mercaptopropyl methyl dimethoxysilane, 3-mercapto propyl 

trimethoxysilane and the like. 

4) compounds having ureido group and alkoxysilyl gr oup such as 

3-ureidopropyl trimethoxysilane and the like. 

[0136] 20 

 In the present embodiment, preferable metal alkoxi des include 

alkoxysilane, in which M in the above-described for mula (12) is 

silicon (Si); alkoxy zirconium, in which M is zirco nium (Zr); alkoxy 

aluminum, in which M is aluminum (Al); and alkoxy t itanium, in which 

is titanium (Ti). 25 

[0137] 

 The partial hydrolysis condensate of metal alkoxid e is a 
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compound obtained by polycondensation of a partiall y hydrolyzed 

product of one or more of these metal alkoxides tha t is partially 

hydrolyzed by using base catalyst (Z), and is typic ally, for example, 

a partial hydrolysis polycondensation compound of a  metal alkoxide. 

 In the present embodiment, preferable partial hydr olysis 5 

condensates of metal alkoxides include condensates of alkoxysilanes, 

condensates of alkoxy zirconiums, condensates of al koxy aluminums 

and condensates of alkoxy titaniums. 

[0138] 

 Examples of the metal halides available in the pre sent 10 

embodiment include compounds represented by the fol lowing formula 

(13). 

(R 14)x 2MZy2    (13) 

[0139] 

 In the formula, R 14 represents hydrogen atom, alkyl group 15 

(methyl group, ethyl group, propyl group and the li ke), alkoxy group 

(methoxy group, ethoxy group, propoxy group, butoxy  group and the 

like), aryl group (phenyl group, tolyl group and th e like), 

carbon-carbon double bond-containing organic group (acryloyl group, 

methacryloyl group, vinyl group and the like) or ha logen-containing 20 

group (halogenated alkyl groups such as chloropropy l group, 

fluoromethyl group and the like).  Z represents F, Cl, Br or I.  x 2 

and y 2 represent an integer so that x 2+y2 ≤ 4 and x 2 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, N b, Zr, Mo, Ag, 25 

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

metals and the like, and metals (alkoxide), which a re capable of 
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creating colorless metal oxide by a sol-gel reactio n, such as Si, 

Al, Zn, Zr, In, Sn, Ti, Pb, Hf and the like are pre ferable, in terms 

of the availability to use as an optical material.  Among these, 

silicon (Si), aluminum (Al), zirconium (Zr), titani um (Ti) and the 

like are preferably used, and these may be used in combination. 5 

[0140] 

 Specific examples thereof include tetrachloro-dime thyl 

disilane, chloropropyl dichloromethylsilane, 

chloromethyl(dichloro)methylsilane, di-tert-butyl d ichlorosilane, 

dibutyldichlorosilane, dichloro(methyl)-n-octylsila ne, 10 

dichloro(methyl)phenylsilane, dichlorocyclohexylmet hylsilane, 

dichlorodiethylsilane, dichlorodihexylsilane, 

dichlorodiisopropylsilane, dichlorodimethylsilane, 

dichlorodiphenylsilane, dichloroethylsilane, 

dichlorohexylmethylsilane, dichloromethylsilane, 15 

dichloromethylvinylsilane, tetrachlorosilane, 

1,2-bis(trichlorosilyl)ethane, 3-chloropropyl trich lorosilane, 

allyltrichlorosilane, butyltrichlorosilane, 

cyclohexyltrichlorosilane, ethyltrichlorosilane, 

hexachlorodisilane, hexachlorodisilane, phenyltrich lorosilane, 20 

thexyltrichlorosilane, trichloro(methyl)silane, 

trichloro(propyl)silane, trichlorohexylsilane, tric hlorosilane, 

and trichlorovinylsilane; and the corresponding flu orosilanes, 

bromosilanes and iodosilanes; and, the correspondin g aluminum halide, 

zirconium halide, titanium halide, cobalt halide, l ithium halide, 25 

barium halide, iron halide, and manganese halide; a nd hydrates 

thereof. 
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[0141] 

 In the present embodiment, examples of metal aceta te typically 

include cobalt acetate, cobalt acetoacetate, lithiu m acetate, 

lithium acetoacetate, iron acetate, iron acetoaceta te, manganese 

acetate, manganese acetoacetate, or hydrates thereo f.  Examples of 5 

metal nitrate include cobalt nitrate, lithium nitra te, iron nitrate, 

manganese nitrate, or hydrates thereof.  Examples o f metal sulfates 

include titanium sulfate, zirconium sulfate, indium  sulfate, zinc 

sulfate, selenium sulfate, antimony sulfate, tin su lfate, yttrium 

sulfate or hydrates thereof. 10 

[0142] 

 The metal alkoxide and/or the partial hydrolysis c ondensate 

are preferable as the component (W) in the applicat ions of the present 

embodiment, and alkoxysilane is more preferable as the metal alkoxide, 

and in particular, tetraethoxysilane (TEOS) and tet ramethoxysilane 15 

(TMOS) are particularly preferable, due to their be tter 

handling-ability. 

[0143] 

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

 The mixing ratio of the water-insoluble polymer pa rticles (X) 20 

to the metal oxide precursor (W) is not particularl y limited, and 

is preferably from 1:10 to 10:1.  When the amount o f the components 

(X) is large, the proportion of the metal oxide bec omes low, resulting 

in poor control on the porous structure, and walls between the pores 

become thin, leading to deteriorated mechanical str ength.  When the 25 

amount of the components (W) is large, the proporti on of the pores 

becomes low, resulting in small surface area and po rosity, which 
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offers little hope for performances as the porous m aterial.  The 

amount of water and/or the organic solvent capable of dissolving a 

part of or all of water (Y) to 100 parts of the met al oxide precursor 

(W) by weight is preferably equal to or larger than  30 parts by weight 

and equal to or smaller than 100000 parts by weight , and is more 5 

preferably equal to or larger than 50 parts by weig ht and equal to 

or smaller than 50000 parts by weight. A lower rati o of the component 

(Y) results in easier agglomeration of the particle s, and a higher 

ratio is not preferable in terms of the production efficiency.  

Moreover, even though a ratio of water to the solve nt in the component 10 

(Y) is not particularly limited, it is preferably i n a range from 

0.1:100 to 1:50.  A lower ratio of water results in  considerably 

reduced rate of the sol-gel reaction of the metal o xide precursor 

condensate, and a higher ratio causes a higher reac tion rate, leading 

to the difficulty in the control of the particle si ze and shape.  The 15 

amount of a catalyst (Z) for the sol-gel reaction t o 100 parts of 

the metal oxide precursor (W) by weight is preferab ly equal to or 

larger than 10 parts by weight and equal to or smal ler than 1000 parts 

by weight.  A lower ratio of the component (Z) resu lts in considerably 

reduced rate of the sol-gel reaction of the metal o xide precursor 20 

condensate, and a higher ratio causes larger partic le sizes, 

resulting in the difficulty in obtaining the partic les of equal to 

or smaller than 300 nm. 

[0144] 

 In the aforementioned step (1-2), it is preferable  for a method 25 

of mixing the component (W) in the mixture obtained  in the 

aforementioned step (1-1) to carry out the mixing o f the component 
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(W) in the state that such component is preliminari ly diluted in the 

organic solvent miscible or partially miscible with  water.  

Preliminary dilution with the organic solvent allow s inhibiting a 

local reaction in the solution containing the exist ing catalyst (Z) 

for the sol-gel reaction, so that the particle size  and shape of the 5 

porous metal oxide material are easily controlled.  When diluted with 

the organic solvent, the amount to 100 parts of com ponent (W) by weight 

is, for example, equal to or larger than 10 parts b y weight and equal 

to or smaller than 10000 parts by weight, and is mo re preferably equal 

to or larger than 100 parts by weight and equal to or smaller than 10 

1000 parts by weight.  A lower dilution ratio resul ts in a lesser 

degree of the effects, and a higher ratio is not pr eferable in terms 

of the production efficiency.  Methanol, ethanol, p ropyl alcohol and 

isopropyl alcohol are preferable as the organic sol vent miscible or 

partially miscible with water.  When tetraethoxysil ane (TEOS) or 15 

tetramethoxysilane (TMOS) is used as the metal alko xide, ethanol and 

methanol are particularly preferable. 

[0145] 

 Also, preferable reaction temperature of the sol-g el reaction 

of the component (W) is equal to or higher than 1 d egree C and equal 20 

to or lower than 200 degrees C, and is more prefera bly equal to or 

higher than 10 degrees C and equal to or lower than  100 degrees C, 

and is equal to or higher than 20 degrees C and equ al to or lower 

than 50 degrees C.  A lower temperature results in a reduced reaction 

rate, which tends to cause uneven particle sizes an d shape.  A higher 25 

temperature causes volatilization of the ammonia se rving as a 

catalyst, and hence makes control of the particle s ize difficult.  
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The reaction time is equal to or longer than 10 min utes and equal 

to or shorter than 72 hours, in terms of the produc tion yield and 

the production efficiency, and is more preferably e qual to or longer 

than 1 hour and equal to or shorter than 24 hours.  Even though the 

component (W) undergoes a sol-gel reaction under at mospheric pressure, 5 

the reaction alternatively can be carried out under  higher pressure 

using an autoclave and the like. 

[0146] 

 As the metal oxide precursor condensate undergoes a sol-gel 

reaction, the organic and inorganic composite parti cles are formed.  10 

Fig. 2 is a schematic cross-sectional view, illustr ating organic and 

inorganic composite particles according to the pres ent embodiment. 

 The obtained organic and inorganic composite parti cles are 

recovered from the reaction solution by a method su ch as centrifugal 

separation or the like.  The recovered organic and inorganic 15 

composite particles are washed with an organic solv ent to remove the 

catalyst for the sol-gel reaction and water in orde r to finalize the 

sol-gel reaction, and then are sufficiently dried.  Here, the state 

that the sol-gel reaction is finalized means ideall y a condition, 

in which all creates M-O-M bonds, but in reality, c ontains a condition, 20 

which transitions to the state of solid (gel), alth ough some alkoxyl 

group (M-OR 2) and M-OH group remains. 

[0147] 

[Step (2)] 

 In step (2), the water-insoluble polymer particles  are removed 25 

from the organic and inorganic composite particles to prepare the 

porous metal oxide particles. 
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[0148] 

 Examples of the methods of removing the water-inso luble polymer 

particles includes a method of decomposing them off  by calcination, 

a method of decomposing them off by applying VUV ra y (vacuum 

ultraviolet radiation), far infrared ray, microwave  or plasma, a 5 

method of extracting them off by using a solvent an d water and the 

like.  In the case of decomposing the particles off  by calcination, 

preferable temperature is from 200 degrees C to 100 0 degrees C, and 

is more preferably from 300 degrees C to 700 degree s C.  Excessively 

low calcination temperature causes failure in remov ing the 10 

water-insoluble polymer particles, and on the other  hand excessively 

high calcination temperature may cause collapse of the pore as the 

temperature is closer to the melting point of metal  oxide.  The 

calcination may be carried out at a constant temper ature, or a gradual 

temperature elevation from the room temperature may  also be employed.  15 

Time for the calcination process is variable depend ing upon the 

temperature, and the process may be preferably cond ucted for the 

duration within the range of from 1 hour to 24 hour s.  The calcination 

may be carried out within an air atmosphere, or may  be carried out 

within an atmosphere of an inert gas such as nitrog en, argon and the 20 

like.  Alternatively, this may be carried out under  reduced pressure, 

or in vacuum.  In the case of decomposing the parti cles off by applying 

VUV ray, a VUV lamp, an excimer laser, or an excime r lamp may be used.  

An oxidative effect of ozone (O 3) generated during the radiation of 

VUV ray may be jointly utilized.  The frequency of the microwave may 25 

be 2.45 GHz or 28 GHz.  The output level of the mic rowave is not 

particularly limited, and the condition for success fully removing 
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the water-insoluble polymer particles is selected. 

[0149] 

 When the extraction is conducted by using the solv ent or water, 

the examples of the solvent include, ethyleneglycol , tetraethylene 

glycol, isopropyl alcohol, acetone, acetonitrile, m ethanol, ethanol, 5 

cyclohexane, dimethylsulfoxide, dimethylformamide, 

dimethylimidazolidinone, xylene, toluene, chlorofor m, 

dichloromethane and the like.  The operation of the  extraction may 

be conducted while heating.  Alternatively, an ultr asonic (US) 

processing may be jointly used.  In addition to abo ve, after the 10 

extracting operation, it is preferable to conduct a  thermal 

processing under a reduced pressure in order to rem ove water and the 

solvent remaining in the pores. 

[0150] 

 An anionic surfactant, a cationic surfactant, an a mpholytic 15 

surfactant and a nonionic surfactant or the like, a s described in 

the aforementioned method of dispersing the termina l branched 

polyolefin based copolymer particles, may coexist w ith the porous 

metal oxide particles, in order to improve the disp ersing stability 

to water. 20 

[0151] 

 The porous metal oxide particles may be surface-tr eated with 

an organosilicic compound (surface treatment agent)  typified by a 

silane coupling agent, in order to improve the disp ersing stability 

to water, or in order to enhance the compatibility with the binder 25 

resin to improve the mechanical strength or the wat er resistance. 

[0152] 
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 The method of the surface treatment may be conduct ed by a known 

method, and silane coupling agents preferably used are methyl 

trimethoxysilane, methyl triethoxysilane, methyl tr ichlorosilane, 

dimethyldichlorosilane, trimethylchlorosilane, viny l 

trimethoxysilane, vinyl triethoxysilane, vinyl tric hlorosilane, 5 

vinyl triacetoxysilane, vinyl tris(2-methoxyethoxy) silane, 

3-methacryloyloxypropyl trimethoxysilane, 3-methacr yloyloxypropyl 

tris(2-methoxyethoxy)silane, 3-chloropropyl trimeth oxysilane, 

3-chloropropyl methyl dimethoxysilane, 3-glycidylox ypropyl 

trimethoxysilane, 3-glycidyloxypropyl methyl dietho xysilane, 10 

2-(3,4-epoxycyclohexyl)ethyl trimethoxysilane, 5,6- epoxyhexyl 

triethoxysilane, 3-ethyl-3-[3-(triethoxysilyl)propo xymethyl] 

oxetane, N-phenyl- γ-aminopropyltrimethoxysilane, 

hexamethyldisilazane and the like.  In particular, when the monomer 

is polymerized via a cationic polymerization, the p referable choice 15 

includes silane coupling agents having functional g roups 

polymerizable via a cationic polymerization, that a re 

3-glycidyloxypropyl trimethoxysilane, 3-glycidyloxy propyl methyl 

diethoxysilane, 2-(3,4-epoxycyclohexyl)ethyl trimet hoxysilane, 

5,6-epoxyhexyl triethoxysilane, 20 

3-ethyl-3-[3-(triethoxysilyl)propoxymethyl] oxetane  and the like.  

The above-described silane coupling agent may be us ed alone, or a 

combination of two or more thereof may be used. 

[0153] 

[Method of Evaluating Porous Metal Oxide Particles]  25 

 The confirmation of the structure and the confirma tion of the 

pore size of the porous metal oxide particles obtai ned in the present 
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embodiment may be conducted with a transmission ele ctron microscope 

( TEM/Transmission electron microscope JEM-2010F co mmercially 

available from JEOL) in a condition of 200 kV.  The  mean particle 

size and the particle size distribution can be obta ined by measuring 

the particles dispersed in water by dynamic light s cattering 5 

(particle size distribution measurement apparatus/N anotrack WAVE).  

The BET specific surface area of the particles can also be calculated 

by a nitrogen adsorption method, and the size of th e pore and the 

size of the pores connecting with the mesopore can also be calculated 

by BJH method (Surface area measuring apparatus com mercially 10 

available from Microtrac BEL Corp., BELSORP-max). 

[0154] 

<Resin Composition> 

 The porous metal oxide particles of the present em bodiment may 

be used as they are for various types of applicatio ns which will be 15 

discussed later, or may further be used as a resin composition 

containing the porous metal oxide particles and a b inder resin.  The 

resin composition will be described below. 

[0155] 

<Binder Resin> 20 

 The binder resins in the present embodiment means those can 

provide bindings among the porous metal oxide parti cles, or those 

can be mediums for uniformly dispersing the porous metal oxide 

particles therein. 

 The type of the binder resin that can be used in t he present 25 

embodiment is not particularly limited.  Examples i nclude a 

thermosetting resin that can be cured by a heat, a photosetting resin 
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that can be cured by radiation of ray such as ultra violet, or a 

thermoplastic resin or a water-soluble resin.  Amon g these, resins 

having film-formability, such as polyolefin-based, 

poly(meth)acrylic ester-based, polystyrene-based, 

polyurethane-based, polyvinyl alcohol-based and 5 

polyvinylacetal-based resins are preferable. 

[0156] 

 Examples of thermosetting resin and photosetting r esin include 

epoxy resins, unsaturated polyester resins, phenoli c resins, 

urea-melamine resins, polyurethane resins, silicone  resins, diallyl 10 

phthalate resins, thermosetting polyimide resins an d the like. 

[0157] 

 Examples of epoxy resin include various types of e poxy resins 

such as glycidyl ether type such as bisphenol A typ e epoxy resin, 

glycidyl ester type, glycidylamine type, cyclic ali phatic type, 15 

novolac type, naphthalene type, dicyclopentadiene t ype epoxy resins.  

Examples of unsaturated polyester resin include var ious types of 

unsaturated polyester resins such as orthophthalate -based, 

isophthalate-based, telephthalate-based, alicyclic unsaturated 

acid-based, aliphatic saturated acid-based, bisphen ol-based, 20 

halogen-containing acid-based, halogen-containing b isphenol-based 

unsaturated polyester resins.  Examples of phenolic  resin include 

resol type, novolac type phenolic resins. 

[0158] 

 Examples of thermoplastic resin include polyolefin  resins, 25 

polyvinyl chloride resins, vinylidene chloride-base d resins, 

polystyrene resins, acrylonitrile-butadiene-styrene  copolymer 
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resins, acrylonitrile-styrene copolymer resins, sty rene-based block 

copolymer resins, methacrylic resins, polyvinyl alc ohol resins (PVA), 

polyvinylacetal resins (PVB), polyacetal resins, po lyamide resins, 

polycarbonate resins, modified polyphenylene ether resins, 

thermoplastic polyester resins, fluororesins, polyp henylene sulfide 5 

resins, polysulfone resins, amorphous arylate resin 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] 10 

 Examples of polyolefin resin include polyethylene resins, 

polypropylene resins, α-olefin copolymer resins, polybutene-1 resins, 

polymethyl pentene resins, cyclic olefin-based poly mer resins, 

ethylene-vinyl acetate copolymer resins, ethylene-m ethacrylic acid 

copolymer resins, ionomers and the like. 15 

[0160] 

 Examples of polyamide resin include nylon 6, nylon  66, nylon 

11, nylon 12 and the like. 

[0161] 

 Examples of thermoplastic polyester resin include polyethylene 20 

terephthalate resins, polybutylene terephthalate re sins, 

polybutylene succinate resins, polylactic resins an d the like. 

[0162] 

 Examples of fluororesins include polytetrafluoroet hylene 

resins, perfluoro alkoxy alkane resins, perfluoroet hylene-propene 25 

copolymer resins, ethylene-tetrafluoroethylene copo lymer resins, 

polyvinylidene fluoride resins, polychlorotrifluoro ethylene resins, 
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ethylene-chlorotrifluoroethylene copolymer resins, 

tetrafluoroethylene-perfluorodioxole copolymer resi ns, polyvinyl 

fluoride resins and the like. 

[0163] 

 Examples of water-soluble resin include polyvinyl alcohol 5 

(PVA), polyvinylpyrrolidone (PVP), polyethylene gly col (PEG) and 

derivatives thereof and the like. 

[0164] 

 Resins having film-formability such as polyolefin- based, 

poly(meth)acrylic ester-based and polystyrene-based  resins are 10 

preferably the polymer particles having particle si ze of from 10 to 

300 µm, and are capable of forming transparent coating f ilms at a 

room temperature or with a heat of not higher than 100 degrees C after 

drying. 

[0165] 15 

 Among the above-described binder resins, epoxy res ins, 

phenolic resins, polyimide resins, polyolefin resin s, water-soluble 

resins, and the above-described resins having film- formability are 

preferable, in view of the dispersibility and the v ersatility of the 

porous metal oxide particles.  One of these binder resins may be 20 

employed alone, or two or more of these may also be  employed. 

[0166] 

 Weight average molecular weight of the binder resi n is 

preferably from 200 to 100,000, and is more prefera bly from 500 to 

80,000. 25 

 In view of delivering performances such as optical  

characteristics, dielectric constant characteristic s, thermal 



63 
 
 

insulating properties and the like, the content of the binder resin 

is preferably from 30 to 95 % by mass, and is more preferably from 

40 to 90 % by mass, and the content of the porous m etal oxide particles 

of the present invention is preferably from 70 to 5  % by mass, and 

is more preferably from 60 to 10% by mass. 5 

[0167] 

 The method of dispersing the porous metal oxide pa rticles in 

the binder resin is not particularly limited and kn own methods are 

applicable, and specifically for example, the follo wing dispersing 

methods may be used. 10 

 In addition to above, the binder resin may be mixe d with a 

dispersion medium such as an organic solvent or wat er to prepare an 

emulsion, and the resultant emulsion may be used. 

[0168] 

(1) A method, in which a binder resin (or emulsion thereof) and porous 15 

metal oxide particles are melted and kneaded with a  kneader, 

optionally in the presence of a solvent and/or a di spersing agent 

as required, to obtain a master batch containing th e porous metal 

oxide particles (light weighting filler) dispersed in the binder 

resin. 20 

 Examples of the kneader in this method include a b ead mill mixer, 

a tri-roll mill mixer, a homogenizer mixer, a labo- plastomill mixer 

and the like. 

(2) A method, in which a wet process with an additi on of a treatment 

agent is carried out for the porous metal oxide par ticles which 25 

disperses under water, and then the solvent-substit uted porous metal 

oxide particles organosol is added to and mixed wit h the binder resin 
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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. 5 

[0169] 

<Film, Coating Film> 

 A film or a coating film can be obtained from the resin 

composition of the present embodiment.  The thermal  conductivity of 

the film or the coating film is preferably equal to  or lower than 10 

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, 

the HAZE value when the thickness of the dried film  or the dried coating 

film is 10 µm is preferably equal to or lower than 10 %, and is  more 

preferably equal to or lower than 5%.  This allows providing the film 15 

or the coating film having higher transparency, 

[0170] 

 The method of preparing the film or the coating fi lm is not 

particularly limited and known methods are applicab le, and 

specifically for example, the film is formed as fol lows. 20 

 A glass substrate is coated with a paint containin g the porous 

metal oxide particles by using a bar coater while a djusting the coating 

thickness.  This is dried for 1 hour to 24 hours at  a temperature 

of 50 degrees C to 100 degrees C in an oven, and th en the formed film 

is torn off from the glass substrate to obtain the porous metal oxide 25 

particles-containing film or coating film. 

[0171] 
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 The thermal conductivity of the film or the coatin g film of 

the present embodiment can be measured by a laser f lash method.  In 

addition, the HAZE value of the film or the coating  film of the present 

embodiment can be measured with NDH4000, which is c ommercially 

available from Nippon Denshoku Kogyo, assuming that  the thickness 5 

of the dried film or the dried coating film is 10 µm.  The refractive 

index of the film can be measured with Abbe's refra ctometer, and the 

refractive index of the thin coating film can be me asured by an 

ellipsometer. 

[0172] 10 

<Applications> 

 The porous metal oxide material of the present emb odiment can 

be used for medicines (DDS: drug delivery system), molecular probes, 

catalysts, adsorbent materials, sensors, paints, in ks and the like. 

 The resin composition comprising the porous metal oxide 15 

material of the present embodiment can be used for low dielectric 

constant materials such as printed circuit boards, or special paints 

or inks containing functional molecules. 

 The films or the coating films obtained from resin  compositions 

of the present embodiment can be used for thermal i nsulation materials 20 

such as thermal insulation films or thermal insulat ion paints for 

the window glasses in motor vehicles, housings, bui ldings and the 

like, antireflection films for displays or touch pa nels and the like. 

[0173] 

<Second Embodiment> 25 

 According to the present embodiment, a coating mat erial 

containing the following component (A) and componen t (B) is 
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presented: 

(A) the porous metal oxide particles as described i n First Embodiment; 

and 

(B) a curable functional group-containing compound.  

[0174] 5 

 The present embodiment is to provide a coating mat erial 

containing the porous metal oxide particle as descr ibed in First 

Embodiment and exhibiting sufficient scratch resist ance, and 

applications thereof. 

[0175] 10 

 The coating material of the present embodiment is capable of 

having the refractive index that is controllable to  be lower, and 

is capable of having a hard coating property accord ing to the 

characteristics of the binder of the component (B),  and therefore 

the coating material can be used for various types of applications, 15 

and the desired characteristics can be effectively produced.  For 

example, the coating film obtained from the coating  material of the 

present embodiment can be arranged on the surface o f the image display 

device to provide enhanced visibility and scratch r esistance.  Also, 

the method of producing the porous metal oxide part icles used in the 20 

present invention exhibits enhanced flexibility of the particle 

design, and ratio of mesopores (porosity) existing in one particle 

can be freely changed, so that the refractive index  can be suitably 

adjusted. 

[0176] 25 

 More specifically, the coating material of the pre sent 

embodiment comprises the porous metal oxide particl es as described 
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in First Embodiment and the compound that is curabl e with activated 

energy beam such as ultraviolet ray or heat, has lo w refractive index, 

and is capable of forming the transparent coat laye r.  The present 

embodiment will be described as follows. 

[0177] 5 

<Porous Metal Oxide Particle> 

 The porous metal oxide particles as described in F irst 

Embodiment are used for the component (A) in the pr esent embodiment.  

Also, the method of producing the particles as desc ribed in First 

Embodiment can also be used. 10 

[0178] 

<Coating Material> 

 The porous metal oxide particles in the component (A) of the 

present embodiment is mixed with the binder of the component (B) 

composed of the curable functional group-containing  compounds, and 15 

the resultant mixture is used as the coating materi al.  Most 

preferably, an activated energy beam-curable functi onal 

group-containing compound or a thermosetting functi onal 

group-containing silicon compound is used as the co mponent (B) 

composed of the curable functional group-containing  compounds. 20 

[0179] 

<Activated Energy Beam-Curable Functional Group-Con taining 

Compound> 

 Examples of the activated energy beam-curable func tional 

group-containing compound specifically include (met h)acrylate 25 

compounds and poly(methyl)glycidyl ether compounds.  

 Descriptions on the (meth)acrylate compounds will be made.  



68 
 
 

Preferable (meth)acrylate compounds are (meth)acryl -based 

oligomers/monomers having two or more (meth)acryloy loxy groups in 

one molecule.  Having two or more (meth)acryloyl ox y groups in one 

molecule enables the compound to be cured with acti vated energy beams 

such as ultraviolet ray, electron beam and the like  to form the coated 5 

layer having enhanced scratch resistance. 

[0180] 

 More specifically, examples of this include trieth yleneglycol 

di(meth)acrylate, polyethyleneglycol di(meth)acryla te, 

neopentylglycol di(meth)acrylate, 1,6-hexanediol di (meth)acrylate, 10 

1,9-nonanediol di(meth)acrylate, dimethylol-tricycl odecane 

di(meth)acrylate, trimethylolpropane tri(meth)acryl ate, ethylene 

oxide-modified trimethylolpropane tri(meth)acrylate , 

pentaerythritol tri(meth)acrylate, pentaerythritol 

tetra(meth)acrylate, dipentaerythritol hexa(meth)ac rylate, 15 

bisphenol-A diglycidyl ether (meth)acrylic acid add uct, 

1,1,3,3,5,5-hexa((meth)acryloxy) cyclotriphosphozen e, 

1,1,3,3,5,5-hexa(meth)acryloxy ethyloxy cyclotripho sphozene and 

the like. 

 Also, for the purpose of improving the scratch res istance, 20 

(meth)acrylate compound having urethane bond is pre ferably added.  

Generally, this is obtained by a reaction of diisoc yanate with hydroxy 

(meth)acrylate, and urethane (meth)acrylate oligome rs obtained by 

reaction of a combination of diisocyanate with hydr oxy (meth)acrylate 

is specifically exemplified. Examples of the diisoc yanate include 25 

propane diisocyanate, hexamethylene diisocyanate, i sophorone 

diisocyanate, methylene bis(cyclohexylisocyanate), trimethyl 
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hexamethylene diisocyanate, tolylene diisocyanate, 

4,4-diphenylmethane diisocyanate, xylene diisocyana te, norbornene 

diisocyanate, methyl norbornene diisocyanate and th e like,  and 

examples of hydroxy (meth)acrylate include 2-hydrox yethyl 

(meth)acrylate, 2-hydroxypropyl acrylate, glycidol methacrylate, 5 

pentaerythritol tri(meth)acrylate, pentaerythritol 

tetra(meth)acrylate, ethylene glycol, polyethylene glycol, 

polypropylene glycol, polytetramethylene glycol and  the like. 

 Among these, in order to increase the hardness aft er the cure, 

this preferably has two or more functional groups a nd further 10 

preferably has three or more functional groups, and  the use of 

pentaerythritol tri(meth)acrylate as hydroxy (meth) acrylate is 

particularly preferable. 

[0181] 

 In addition, (meth)acryl-based monomer having one 15 

(meth)acryloyl group in one molecule may be blended  for the purpose 

of adjustment of the viscosity or the like.  More s pecifically, 

examples of this include isoamyl (meth)acrylate, la uryl 

(meth)acrylate, stearyl (meth)acrylate, butoxyethyl  (meth)acrylate, 

ethoxy-diethyleneglycol (meth)acrylate, methoxy-tri ethyleneglycol 20 

(meth)acrylate, methoxy-polyethyleneglycol (meth)ac rylate, 

methoxydipropyleneglycol (meth)acrylate, methoxydie thyleneglycol 

(meth)acrylate, phenoxyethyl (meth)acrylate, 

phenoxy-polyethyleneglycol (meth)acrylate, tetrahyd rofurfuryl 

(meth)acrylate, isobonyl (meth)acrylate, 2-hydroxye thyl 25 

(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 

2-hydroxy-3-phenoxypropyl (meth)acrylate, (meth)acr ylic acid, 
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(meth)acrylate glycidyl, 2-(meth)acryloyloxy ethyl- succinic acid, 

2-(meth)acryloyloxyethyl-phthalic acid, isooctyl (m eth)acrylate, 

isomyristyl (meth)acrylate, 2-hydroxybutyl (meth)ac rylate, methyl 

(meth)acrylate, ethyl (meth)acrylate, n-butyl (meth )acrylate, 

isobutyl (meth)acrylate, cyclohexyl methacrylate, b enzyl 5 

(meth)acrylate, (meth)acryloyl morpholine, perfluor ooctyl 

(meth)acrylate, trifluoroethyl (meth)acrylate and t he like. 

[0182] 

 In addition, a reactive monomer having several vin yl groups 

or thiol groups may be added for the purpose of the  viscosity control 10 

and the curability control. 

[0183] 

 More specifically, N-vinyl pyrrolidone, N-vinyl ca rbazole, 

vinyl acetate, trimethylolpropane bis (2-mercaptoac etate), 

trimethylolpropane bis (3-mercaptopropionate), pent aerythritol 15 

tetrakis (2-mercaptoacetate), pentaerythritol 

(3-mercaptopropionate) and the like may be used. 

[0184] 

 In addition, in order to promote the cure with ult raviolet or 

heat, a photopolymerization initiator or a thermal polymerization 20 

initiator may be added. 

[0185] 

 Commercially available products may generally be u sed as the 

photopolymerization initiator, and particular examp les thereof may 

include benzophenone, 2,2-dimethoxy-1,2-diphenyleth ane-1-one 25 

(product of BASF, IRGACURE 651), 1-hydroxy-cyclohex yl-phenyl-ketone 

(product of BASF, IRGACURE 184), 
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2-hydroxy-2-methyl-1-phenyl-propane-1-one (product of BASF, 

DAROCUR 1173: Product of Lamberti, ESACURE KL200), 

oligo(2-hydroxy-2-methyl-1-phenyl-propane-1-one) (P roduct of 

Lamberti, ESACURE KIP150), 

(2-hydroxyethyl)-phenyl)-2-hydroxy-2-methyl-1-propa ne-1-one 5 

(product of BASF, IRGACURE 2959), 2-methyl-1(4-(met hylthio) 

phenyl)-2-morpholino propane-1-one (product of BASF , IRGACURE 907), 

2-benzyl-2-dimethylamino-1-(4-morpholino phenyl) - butanone-1 

(product of BASF, IRGACURE 369), bis(2,4,6-trimethy lbenzoyl) phenyl 

phosphine oxide (product of BASF, IRGACURE 819), 10 

bis(2,6-dimethoxybenzoyl)-2,4,4-trimethyl-pentyl ph osphine oxide 

(product of BASF, CGI403), 

2,4,6-trimethylbenzoyl-diphenylphosphine oxide (= T MDPO: Product of 

BASF, LUCIRIN TPO, Product of BASF, DAROCUR TPO), t hioxanthone or 

derivatives thereof and the like, and these may be used alone, or 15 

a mixture of two or more thereof may be used.  The amount of the 

additives is desirably within the range of from 0.0 1 to 10.0 parts 

by weight with respect to 100 parts by weight of (m eth)acrylate 

compound. 

[0186] 20 

 In addition, for the purpose of the photosensitiza tion effect, 

tertiary amines such as, for example, triethanolami ne, 

ethyl-4-dimethylamino benzoate, isopentyl methylami no benzoate and 

the like may be added. 

[0187] 25 

 Examples of thermal polymerization initiator used herein 

mainly include peroxides such as benzoyl peroxide ( = BPO) or the like 
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and azo compounds such as azobis isobutyl nitrile ( = AIBN) or the 

like. 

[0188] 

 Poly(methyl)glycidyl ether compounds will be descr ibed. 

 Preferable poly(methyl)glycidyl ether compound is an 5 

oligomer/monomer having two or more (methyl)glycidy l ether group in 

one molecule.  Having two or more (methyl)glycidyl ether groups in 

one molecule enables the compound to be cured with activated energy 

beams such as ultraviolet ray, electron beam and th e like to form 

the coat layer having enhanced scratch resistance.  More specifically, 10 

for example, the following compounds are exemplifie d. 

 Examples of compound having two (methyl)glycidyl e ther groups 

include ethyleneglycol (methyl)diglycidyl ether, tr iethylene glycol 

di(methyl)glycidyl ether, tetraethylene glycol di(m ethyl)glycidyl 

ether, polyethylene glycol di(methyl)glycidyl ether , glycerin 15 

di(methyl)glycidyl ether, 1,4-butanediol di(methyl) glycidyl ether, 

1,6-hexanediol di(methyl)glycidyl ether, neopentylg lycol 

(methyl)glycidyl ether and the like.  Further, exam ple of compound 

having three or more (methyl)glycidyl ether groups include glycerin 

tri(methyl)glycidyl ether, trimethylolpropane tri ( methyl)glycidyl 20 

ether, pentaerythritol tri(methyl)glycidyl ether, p entaerythritol 

tetra(methyl)glycidyl ether, dipentaerythritol 

hexa(methyl)glycidyl ether, dipentaerythritol 

penta(methyl)glycidyl ether, dipentaerythritol 

tetra(methyl)glycidyl ether, carbitol polyglycidyl ether and the 25 

like. 

 In order to promote the cure with ultraviolet or h eat, a 
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photopolymerization initiator or a thermal polymeri zation initiator 

may be added. 

 More specifically, the type is not particularly li mited any 

one can be used provided that the compound is capab le of initiating 

cationic polymerization with radiation or heat. 5 

[0189] 

 Commercially available products may generally be u sed as the 

photocationic polymerization initiator, and particu lar examples 

thereof preferably used may include Uvacure1590 and  1591 (all are 

trade names, and are commercially available from Da icel UCB Co., 10 

Ltd.,), ADEKA OPTOMER SP-100, SP-170, SP-172, SP-15 0, SP-152 (all 

are trade names, and are commercially available fro m each Asahi Denka 

Kogyo Corporation), and RHODORSIL-2074 (trade name,  commercially 

available from Rhodia). 

 One of these photocationic polymerization initiato rs may be 15 

used alone, or two or more of these photocationic p olymerization 

initiators may also be used.  The amount of the add itives is desirably 

within the range of from 0.01 to 10.0 parts by weig ht with respect 

to 100 parts by weight of poly(methyl)glycidyl ethe r compound. 

 Further, a photocationic polymerization accelerato r may be 20 

jointly used as required.  More specifically, examp les of this 

include 9,10-dimethoxy-2-ethyl-anthracene, 9,10-die thoxy 

anthracene, 2,4-diethyl thioxanthone and the like. 

[0190] 

 Further, compounds generating cationic species or Lewis acids 25 

by heat such as for example, a thermally latent cat ionic 

polymerization initiator, may also be jointly used.   More 
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specifically, examples of this include: triphenylsu lfonium 

tetrafluoroborate, triphenylsulfonium hexafluoroant imonate, 

triphenylsulfonium hexafluoroarsenate, 

tri(4-methoxyphenyl)sulfonium hexafluoroarsenate, 

diphenyl(4-phenylthio phenyl)sulfonium hexafluoroar senate, 5 

p-t-butylbenzyl tetrahydro thiophenium hexafluoroan timonate and the 

like; anilinium salt-type compounds such as: N,N-di methyl-N-benzyl 

anilinium hexafluoroantimonate, N,N-dimethyl-N-benz yl anilinium 

tetrafluoroborate, N,N-dimethyl-N-(4-chlorobenzyl) anilinium 

hexafluoroantimonate, N,N-dimethyl-N-(1-phenylethyl ) anilinium 10 

hexafluoroantimonate; pyridinium salt-type compound s such as: 

N-benzyl-4-dimethylamino pyridinium hexafluoroantim onate, 

N-benzyl-4-diethylamino pyridinium trifluoromethane  sulfonate, 

N-(4-methoxybenzyl)-4-dimethylamino pyridinium 

hexafluoroantimonate, N-(4-methoxybenzyl)-4-diethyl amino 15 

pyridinium hexafluoroantimonate and the like; tolui dinium salt-type 

compounds such as N,N-dimethyl-N-(4-methoxybenzyl) toluidinium 

hexafluoroantimonate, N,N-diethyl-N-(4-methoxybenzy l) toluidinium 

hexafluoroantimonate and the like; phosphonium salt -type compounds 

such as ethyl triphenylphosphonium hexafluoroantimo nate, tetrabutyl 20 

phosphonium hexafluoroantimonate and the like; iodo nium salt-type 

compounds such as: diphenyliodonium hexafluoroarsen ate, 

di-4-chlorophenyl iodonium hexafluoroarsenate, di-4 -bromophenyl 

iodonium hexafluoroarsenate, di-p-tolyl iodonium 

hexafluoroarsenate, phenyl(4-methoxyphenyl) iodoniu m 25 

hexafluoroarsenate and the like. 

[0191] 
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 The commercially available thermally latent cation ic 

polymerization initiators include, for example, SAN -AID SI-60L, 

SAN-AID SI-80L, SAN-AID SI-100L, SAN-AID SI-80, SAN -AID SI-100, 

SAN-AID SI-145, SAN-AID SI-150, SAN-AID SI-160 (All  are trade names 

and commercially available from Sanshin Chemical In d. Co., Ltd.) and 5 

the like. 

 The above-described initiators may be used alone, or a 

combination of two or more thereof may be used.  In  addition, a heat 

can be jointly used after the irradiation to furthe r promote the cure. 

[0192] 10 

<Thermosetting Group-Containing Organosilicic Compo und> 

 Examples of thermosetting group-containing organos ilicic 

compounds more specifically includes: 3-glycidoxypr opyl 

trimethoxysilane, 3-glycidoxypropyl methyl dimethox ysilane, 

3-glycidoxypropyl dimethyl methoxysilane, 3-glycido xypropyl 15 

triethoxysilane, 3-glycidoxypropyl ethyl diethoxysi lane, 

3-glycidoxypropyl diethyl ethoxysilane, 

3-ethyl-3-{[3-(trimethoxysilyl)propoxy]methyl} oxet ane, 

3-ethyl-3-{[3-(triethoxysilyl)propoxy]methyl} oxeta ne and the 

like. 20 

[0193] 

 These compounds can form three-dimensional network  structure 

with a heat, thereby providing increased hard coati ng property.  

While these silane compounds may be used as they ar e, it is more 

preferable in order to further increase the reactiv ity to use these 25 

compounds after creating the state of silanol (Si-O H) by 

preliminarily hydrolyzing alkoxysilyl group with an  acid catalyst 
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such as aqueous hydrochloric acid or with a basic c atalyst such as 

aqueous ammonia, or after creating siloxane bond (S i-O-Si) by 

partially condensing silanol group.  Examples of pr eferable metal 

chelate compounds for promoting the thermal curabil ity include: 

acetylacetonates; amines; amino acids such as glyci ne and the like; 5 

Lewis acids; metal salts of organic acids and the l ike, each having 

central metal atom of Cu (II), Zn (II), Co (II), Ni  (II), Be (II), 

Ce (III), Ta (III), Ti (III), Mn (III), La (III), C r (III), V (III), 

Co (III), Fe (III), Al (III), Ce (IV), Zr (IV), V ( IV) and the like.  

Among these, acetylacetonate of Al (III) or Fe (III ) are more 10 

preferable, in terms of the curing condition and th e pot life of the 

coating solution.  The amount thereof is desirably within the range 

of from 0.01 to 10.0 parts by weight with respect t o 100 parts by 

weight of the thermosetting functional group-contai ning 

organosilicic compound.  Further, perchloric acids can be jointly 15 

used.  Examples of preferable perchloric acids incl ude perchloric 

acid, ammonium perchlorate, magnesium perchlorate a nd the like. 

 In addition to these compounds, various types of a dditives such 

as an ultraviolet absorbing agent, an antioxidizing  agent, a 

silicone-based surfactant, a silicone oil or the li ke may be added 20 

to the coating material composition depending on th e purposes. 

[0194] 

 Concerning the proportions of the porous metal oxi de particles 

(component (A)) and the curable functional group-co ntaining compound 

(component (B)), which depend on type of the respec tive components, 25 

the component (A) is preferably equal to or larger than 1 part by 

weight and equal to or smaller than 60 parts by wei ght, and is more 
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preferably equal to or larger than 5 parts by weigh t and equal to 

or smaller than 50 parts by weight, and is further preferably equal 

to or larger than 10 parts by weight and equal to o r smaller than 

40 parts by weight, each based on 100 parts by weig ht of the sum of 

(A) and (B).  The proportion within the above-descr ibed ranges allows 5 

easily obtaining the coating film having lower refr active index and 

enhanced scratch resistance. 

 The preparation of the coating material may be con ducted by 

a known method and is not particularly limited to a ny specific method, 

and an example thereof is as follows.  First of all , a desired amount 10 

the component is mixed in a light-blocking brown gl ass container or 

plastic container and is completely mixed while the  hard coating 

material composition is heated as required (roughly  equal to or lower 

than 50 degrees C).  Further, other components are added as required, 

and the mixture is sufficiently mixed.  Further, su fficient 15 

deaeration in the stationary condition is achieved to provide the 

hard coating material composition.  While the mixin g is carried out 

by using a magnetic stirrer or a stirring device, o ther choice such 

as a mixer, a shaker or the like may alternatively be adopted, 

depending upon the amount or the viscosity thereof.  20 

 When the solvent is added, the examples of availab le solvent 

include methyl alcohol, ethyl alcohol, isopropyl al cohol, 

dimethylformamide (DMF), N,N'-dimethylacetamide, 

N-methyl-2-pyrrolidone, 2-methoxyethanol (methyl ce llosolve), 

2-ethoxyethanol (ethylcellosolve), 2-butoxyethanol 25 

(butylcellosolve), polyethylene glycol methyl ether  (PEGME), 

polyethylene glycol methyl ether acetate (PEGMEA), diacetone alcohol 
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(DAA), ethyleneglycol, tetrahydrofuran, dioxane, to luene and the 

like.  The viscosity of the coating solution is con trolled for the 

method of coating to the base material, and is pref erably from 0.1 

cp to 10000 cp, and is more preferably from 0.5 cp to 500 cp, and 

is further preferably from 1 cp to 100 cp. 5 

[0195] 

<Formation of Coating Film> 

 Methods of dipping, spin coating, spraying and the  like may 

be adopted for coating onto a base material. 

[0196] 10 

 Mercury lamps of low pressure, high pressure, extr a high 

pressure and the like, chemical lamps, metal halide  lamps or the like 

may be used as the light source required for the ph otopolymerization.  

Time duration for the photopolymerization is prefer ably from 1 second 

to 10 minutes.  The time duration shorter than 1 se cond results in 15 

insufficient photocuring, and the time duration lon ger than 10 

minutes may possibly lead to deteriorations of the coat film and base 

material to cause coloring, crack or the like.  The  curing is carried 

out after the coating on the base material is compl eted, and the 

solvent is dried off as required.  The drying tempe rature and time 20 

are determined by boiling point of the used solvent .  The temperature 

condition required for the thermal polymerization i s generally equal 

to or higher than 50 degrees C, and is preferably e qual to or higher 

than 80 degrees C, and is further preferably equal to or higher than 

100 degrees C, while the temperature is determined according to the 25 

boiling point of the solvent used, the thermal resi stant temperature 

of the base material, and the type of thermal polym erization 
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initiator. 

 While the characteristics of the coating film afte r the cure 

are not particularly limited, the refractive index in D-line (589.6 

nm) of Na is preferably equal to or lower than 1.45 , and is more 

preferably equal to or lower than 1.40. 5 

[0197] 

<Applications> 

 Low refractive index coat materials of the present  embodiment 

may be used for: image display devices such as a li quid crystal display, 

a CRT display, a projection display, a plasma displ ay, an 10 

electroluminescence display, a reflection screen an d the like; 

coating materials for antireflective film such as a  touch panel and 

the like; and antireflective coatings for spectacle  lens and the like. 

[0198] 

 While preferable embodiments of the present invent ion have been 15 

described above, it is intended to present these em bodiments for the 

purpose of illustrations of the present invention o nly, and various 

types of configurations other than those described above may also 

be adopted. 

EXAMPLES 20 

[0199] 

 While the present invention will be further specif ically 

described below in reference to Example A and Examp le B, it is not 

intended to limit the scope of the present inventio n to these Examples. 

[0200] 25 

[Example A] 

(Synthesis Example of Terminal Branched Polyolefin Based Copolymer) 
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 Number average molecular weight (Mn), weight avera ge molecular 

weight (Mw) and molecular weight distribution (Mw/M n) were measured 

by methods described in the descriptions with a gel  permeation 

chromatography (GPC).  In addition, the peak top te mperature which 

was obtained by a measurement with differential sca nning calorimetry 5 

(DSC) is employed as the melting point (Tm).  In ad dition, while the 

melting point of polyalkylene glycol moiety was als o identified 

depending on the measurement conditions, this indic ates the melting 

point of polyolefin moiety unless otherwise particu larly indicated.  

In 1H-NMR, the polymer was completely dissolved in 10 

deuterated-1,1,2,2-tetrachloroethane which was a lo cking solvent and 

solvating media in a measurement sample tube, and t hen the measurement 

was carried out at 120 degrees C.  Concerning chemi cal shifts, peak 

of deuterated-1,1,2,2-tetrachloroethane was defined  as 5.92 ppm, and 

then chemical shift values of other peaks were dete rmined.  15 

Concerning the particle sizes of particles in the d ispersion, 50 % 

mean particle size by volume was measured with Micr otrack UPA 

(commercially available from HONEYWELL).  The sampl e was diluted to 

200 folds - 500 folds and was negatively stained wi th phosphotungstic 

acid, and then the observation of the shape of the particles in the 20 

dispersion was carried out with transmission electr on microscope 

(TEM/H -7650 commercially available from Hitachi, L td.) under the 

condition of 100 kV. 

[0201] 

(Synthesis Example of Terminal Branched Polyolefin Based Copolymer 25 

(T)) 

 Terminal epoxy group-containing ethylene polymer ( E) was 
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synthesized according to the following procedures ( for example, see 

Synthesis Example 2 in Japanese Laid-Open Patent Pu blication No. 

2006-131870). 

 1000 ml of heptane was placed at a room temperatur e in a 

stainless-steel autoclave having a capacity of 2000  ml, which was 5 

sufficiently substituted with nitrogen, and was hea ted to 150 degrees 

C.  Successively, the autoclave was pressurized wit h ethylene to 30 

kg/cm 2G, and the temperature was maintained.  0.5 ml (0.5  mmol) of 

hexane solution of MMAO (commercially available fro m TOSOH FINE CHEM) 

(aluminum atom conversion 1.00 mmol/ml) was injecte d with a pressure, 10 

and then 0.5 ml (0.0001 mmol) of a toluene solution  (0.0002 mmol/ml) 

of the compound represented by the following genera l formula (14) 

was injected with a pressure to initiate the polyme rization.  The 

polymerization was carried out under ethylene gas a tmosphere at 150 

degrees C for 30 minutes, and then the polymerizati on was stopped 15 

by injecting a small amount of methanol with a pres sure.  The obtained 

polymer solution was added in 3 liters of methanol containing a small 

amount of hydrochloric acid to precipitate polymers .  After washing 

with methanol, this was dried under reduced pressur e at 80 degrees 

C for 10 hours to obtain ethylene-based polymer hav ing double bond 20 

at one terminal (P). 

[0202] 
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[0203] 

 100 g (vinyl group 108 mmol, assuming Mn is 850) o f the 

above-described ethylene-based polymer having doubl e bond at one 

terminal (P-1), 300 g of toluene, 0.85 g (2.6 mmol)  of Na 2WO4, 0.60 5 

g (1.3 mmol) of CH 3(nC 8H17) 3NHSO4 and 0.11 g (1.3 mmol) of phosphoric 

acid were added into a 500 ml separable flask, and was heated to be 

refluxed while stirring for 30 minutes to completel y melt the polymer.  

After the internal temperature was reached to 90 de grees C, 37 g of 

30 % hydrogen peroxide water (326 mmol) was dropped  for three hours, 10 

and then was stirred at the internal temperature of  90 - 92 degrees 

C for 3 hours.  Then, 34.4 g (54.4 mmol) of 25 % so dium thiosulfate 

aqueous solution was added thereto while maintainin g at 90 degrees 

C and was stirred for 30 minutes, and it was found with a peroxide 

test paper that peroxides in the reaction system wa s completely 15 

decomposed.  Then, 200 g of dioxane was added there to at an internal 

temperature of 90 degrees C to crystallize the prod uct, and the 

resultant solid was collected via filtering, and wa s washed with 

dioxane.  The obtained solid was stirred in a 50 % 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 

stirred in 400 g of methanol, and then was collecte d by a filtration 

and was washed with methanol. 

The resultant product was dried at room temperature  under reduced 5 

pressure of 1 to 2 hPa to obtain 96.3 g of terminal  epoxy 

group-containing ethylene polymer (E) in a white so lid form (yields: 

99%, polyolefin conversion ratio: 100%). 

 The obtained terminal epoxy group-containing ethyl ene polymer 

(E) exhibited: Mw = 2058, Mn = 1118 and Mw/Mn = 1.8 4 (GPC) (terminal 10 

epoxide group content: 90 mol%). 

1H-NMR: δ (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. 15 

[0204] 

 84 parts by weight of terminal epoxy group-contain ing ethylene 

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 

at 150 degrees C for 4 hours.  Then, acetone was ad ded while cooling 20 

to precipitate the reaction product, and a solid su bstance was 

collected by filtration.  The obtained solid was wa shed while 

stirring with acetone aqueous solution for one time  and further with 

acetone for three times, and then a solid was colle cted by filtration.  

Then, the resultant product was dried at room tempe rature under 25 

reduced pressure to obtain polymer (I) (Mn = 1223, in the following 

general formula (9), A: a group formed by the polym erization of 
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ethylene (Mn = 1075), R 1 = R 2 = hydrogen atom, one of Y 1 and Y 2 is hydroxyl 

group, and the other is bis(2-hydroxyethyl) amino g roup). 

1H-NMR: δ (C2D2Cl4) 0.88 (t, 3H, J = 6.6Hz), 0.95-1.92 (m), 2.38-2.85 

(m, 6H), 3.54-3.71 (m, 5H). 

melting point (Tm): 121 degrees C. 5 

[0205] 

 

[0206] 

 20.0 parts by weight of polymer (I) and 100 parts by weight 

of toluene were put in a 500 mL flask equipped with  nitrogen supply 10 

tubes, a thermometer, cooling tubes and a stirring apparatus, and 

the heating was carried out in an oil bath of 125 d egrees C while 

stirring to completely dissolve the solid substance .  After being 

cooled to 90 degrees C, 0.323 parts by weight of 85  % KOH, which had 

preliminarily been dissolved in 5.0 parts by weight  of water, was 15 

added to the flask, and was mixed under the reflux condition for two 

hours.  Then, water and toluene were distilled off while gradually 

raising the temperature in the flask to 120 degrees  C.  Further, the 

internal pressure of the flask was reduced while su pplying a small 

amount of nitrogen, and internal temperature was fu rther increased 20 

to 150 degrees C, and then the conditions were main tained for 4 hours 

to further distilling water and toluene off from th e flask.  After 

being cooled to room temperature, the solid substan ce solidified in 

the flask was crushed, and was taken out. 
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[0207] 

 18.0 parts by weight of the obtained solid substan ce and 200 

parts by weight of dehydrated toluene were put in a  1.5 L pressurizing 

reactor made of stainless steel having a heating un it, a stirrer unit, 

a thermometer, a pressure gauge, and safety valves,  and after the 5 

gas phase was replaced with nitrogen, the temperatu re was increased 

to 130 degrees C while stirring.  30 minutes later,  9.0 parts by weight 

of ethylene oxide was added, and after being mainta ined at 130 degrees 

C for further 5 hours, it was cooled to room temper ature to obtain 

the reactant.  The obtained reactant was dried to r emove the solvent 10 

to obtain terminal branched polyolefin based copoly mer (T) (Mn = 1835, 

in general formula (1), A: a group which is formed by polymerization 

of ethylene (Mn = 1075); R 1 = R 2 = hydrogen atom; one of X 1 and X 2 is 

group represented by general formula (6) (X 11 = polyethylene glycol 

group) and the other is group represented by genera l formula (5) (Q 1 15 

= Q 2 = ethylene group, X 9 = X 10 = polyethylene glycol group)). 

1H-NMR δ (C2D2Cl4) 0.88 (3H, t, J = 6.8Hz), 1.06-1.50 (m), 2.80-3.20 

(m), 3.33-3.72 (m). 

melting point (Tm): -16 degrees C (polyethylene gly col), 116 degrees 

C. 20 

[0208] 

<Example of Preparing Water Dispersion of Terminal Branched 

Polyolefin Based Copolymer Particles> 

(Preparation of Water Dispersion of 20% by weight T erminal Branched 

Polyolefin Based Copolymer (T)) 25 

 10 parts by weight of (A) terminal branched polyol efin based 

copolymer (T) obtained in the aforementioned Synthe sis Example and 
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40 parts by weight of distilled water serving as (C ) the solvent were 

placed in a 100 ml autoclave, and after heating and  stirring at 140 

degrees C at the speed of 800 rpm for 30 minutes, i t was cooled to 

room temperature while continuing the stirring.  50  % mean particle 

size by volume of the obtained dispersed system was  0.018 µm (10 % 5 

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

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

system determined from the observation results thro ugh the 

transmission electron microscope were from 0.015 to  0.030 µm. 

[0209] 10 

Example a1 

(Synthesis of Porous Silica Particles 1) 

 1 mL of water dispersion of terminal branched poly olefin based 

copolymer (T), which was diluted to 1 % by weight, and 0.4 mL of 28 % 

ammonia aqueous solution were added in an ethanol/w ater (10 mL/2.5 15 

mL) mixture liquid, and the resultant was stirred u ntil it became 

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

Then, the resultant was stirred at room temperature  for 6 hours.  The 

obtained silica/terminal branched olefin copolymer composite 

particles were separated and collected by centrifug al separation, 20 

and were further washed with ethanol.  The obtained  powder was dried 

by using a vacuum dryer.  The temperature was eleva ted from room 

temperature to 550 degrees C at a rate of 3.5 degre es C/min., and 

further, calcination was carried out at 550 degrees  C for 4 hours 

to remove terminal branched olefin copolymer compos ite particles to 25 

obtain the porous silica particles. 

 It was found that the porous silica particles were  obtained, 
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which had 50 % mean particle size by volume of 90 n m and D90/D50 of 

1.38 according to the measurements with DLS, and al so contained the 

pores of 10 to 20 nm in the interior thereof accord ing to the TEM 

observation.  The investigations on the pore struct ure in the 

nitrogen adsorption process showed that the BET spe cific surface area 5 

was 108 m 2/g, and the value calculated using BJH method from the 

adsorption isothermal curve (BJH pore diameter) was  13 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 c ubic phase 10 

structure, in which the pores are mutually connecte d, was created. 

 In addition to above, in the section A of the pres ent Example, 

the measurements with DLS were carried out by using  a particle size 

distribution measurement apparatus/nano track WAVE in the condition 

of being dispersed in water.  In addition, silica w as used as the 15 

porous particles and water was used as the dispersi on solvent, and 

therefore the measurements were carried out by assu ming that the 

refractive index of silica is 1.44 and the refracti ve index of water 

is 1.0. 

[0210] 20 

Example a2 

(Synthesis of Porous Silica Particles 2) 

 The porous silica particles were obtained by a met hod similar 

to that employed in Synthesis 1, except that the qu antity of TEOS 

was changed to 12.5 µL and the stirring time was for 4 hours. 25 

 It was found that the porous silica particles were  obtained, 

which had 50 % mean particle size by volume of 70 n m and D90/D50 of 
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1.32 according to the measurements with DLS, and al so contained the 

pores of 10 to 30 nm in the interior thereof accord ing to the TEM 

observation.  The BET specific surface area was 105  m2/g, and the value 

calculated using BJH method from the adsorption iso thermal curve (BJH 

pore diameter) was 14 nm and the value calculated u sing BJH method 5 

from the desorption isothermal curve (connecting se ction) was equal 

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

three-dimensional cubic phase structure, in which t he pores were 

mutually connected, was created. 

[0211] 10 

Example a3 

(Synthesis of Porous Silica Particles 3) 

 20 mL of water dispersion of 15% by weight of term inal branched 

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

solution were added to 400 mL of ethanol, and the r esultant was stirred 15 

until it became homogeneous.  3 mL of TEOS was adde d thereto with 

a micropipette.  Then, the solution was stirred at room temperature 

for 48 hours.  The obtained silica/terminal branche d olefin copolymer 

composite particles were separated and collected by  centrifugal 

separation, and were further washed with ethanol.  The obtained 20 

powder was dried by using a vacuum dryer.  The temp erature was 

elevated from room temperature to 550 degrees C at a rate of 3.5 degrees 

C/min., and further, calcination was carried out at  550 degrees C 

for 4 hours to remove terminal branched olefin copo lymer composite 

particles to obtain the porous silica particles. 25 

 It was found that the porous silica particles were  obtained, 

which had 50 % mean particle size by volume of 75 n m and D90/D50 of 
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1.32 according to the measurements with DLS, and al so contained the 

pores of 10 to 30 nm in the interior thereof accord ing to the TEM 

observation.  The BET specific surface area was 102  m2/g, and the value 

calculated using BJH method from the adsorption iso thermal curve (BJH 

pore diameter) was 14 nm and the value calculated u sing BJH method 5 

from the desorption isothermal curve (connecting se ction) was equal 

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

three-dimensional cubic phase structure, in which t he pores were 

mutually connected, was created. 

[0212] 10 

Example a4 

(Synthesis of Porous Silica Particles 4) 

 40 mL of water dispersion of 15% by weight of term inal branched 

polyolefin based copolymer (T) and 3 mL of 28 % amm onia aqueous 

solution were added to 150 mL of ethanol, and the m ixture liquid was 15 

stirred until it became homogeneous.  TEOS/ethanol (8.7 mL/35 mL) 

was added at a time.  Then, the resultant was stirr ed at room 

temperature for 24 hours.  The obtained silica/term inal branched 

olefin copolymer composite particles were separated  and collected 

by centrifugal separation, and were further washed with ethanol.  The 20 

obtained powder was dried by using a vacuum dryer.  The temperature 

was elevated from room temperature to 550 degrees C  at a rate of 3.5 

degrees C/min., and further, calcination was carrie d out at 550 

degrees C for 4 hours to remove terminal branched o lefin copolymer 

composite particles to obtain the porous silica par ticles. 25 

 It was found that the porous silica particles were  obtained, 

which had 50 % mean particle size by volume of 80 n m and D90/D50 of 
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1.30 according to the measurements with DLS, and al so contained the 

pores of 10 to 30 nm in the interior thereof accord ing to the TEM 

observation.  The BET specific surface area was 105  m2/g, and the value 

calculated using BJH method from the adsorption iso thermal curve (BJH 

pore diameter) was 14 nm and the value calculated u sing BJH method 5 

from the desorption isothermal curve (connecting se ction) was equal 

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

three-dimensional cubic phase structure, in which t he pores were 

mutually connected, was created. 

[0213] 10 

Example a5 

(Synthesis of Porous Silica Particles 5) 

 72 mL of water dispersion of 15% by weight termina l branched 

polyolefin based copolymer (T) and 14.4 mL of 28 % ammonia aqueous 

solution were added to 500 mL of ethanol, and the r esultant was stirred 15 

until it became homogeneous.  TEOS/ethanol (36 mL/1 44 mL) and ethyl 

triethoxysilane (triethoxy(ethyl)silane)/ethanol (3 .6 mL/14.4 mL) 

were added at a time.  Then, the resultant was stir red at room 

temperature for 4 hours.  The obtained silica/termi nal branched 

olefin copolymer composite particles were separated  and collected 20 

by centrifugal separation, and were further washed with ethanol.  The 

obtained powder was dried by using a vacuum dryer.  The temperature 

was elevated from room temperature to 550 degrees C  at a rate of 3.5 

degrees C/min., and further, calcination was carrie d out at 550 

degrees C for 4 hours to remove terminal branched o lefin copolymer 25 

composite particles to obtain the porous silica par ticles. 

 It was found that the porous silica particles were  obtained, 
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which had 50 % mean particle size by volume of 80 n m and D90/D50 of 

1.32 according to the measurements with DLS, and al so contained the 

pores of 10 to 30 nm in the interior thereof accord ing to the TEM 

observation (Fig. 3).  The BET specific surface are a was 194 m 2/g, 

and the value calculated using BJH method from the adsorption 5 

isothermal curve (BJH pore diameter) was 11 nm and the value calculated 

using BJH method from the desorption isothermal cur ve (connecting 

section) was equal to or lower than 4 nm, and there fore it was found 

that the three-dimensional cubic phase structure, i n which the pores 

were mutually connected, was created. 10 

[0214] 

Example a6 

(Synthesis of Porous Silica Particles 6) 

 10.6 mL of ethanol, 1.8 mL of deionized water, 0.8  mL of terminal 

branched polyolefin based copolymer (T) water dispe rsion which was 15 

prepared to be 15 % by weight, and 0.4 mL of 28 % a mmonia aqueous 

solution were added to a flask of 50 mL, and the re sultant was stirred 

for 15 minutes.  Then, a solution prepared by dilut ing 1.1 mL of TEOS 

with 4.4 mL of ethanol was added thereto, and the r esultant was stirred 

at room temperature for 24 hours.  The obtained sil ica/terminal 20 

branched olefin copolymer composite particles were separated and 

collected by centrifugal separation (11000 rpm, 15 minutes), and 

after being washed with ethanol for 3 times, the pr oduct was dried 

at 80 degrees C overnight.  The temperature was ele vated from room 

temperature to 600 degrees C in 2 hours, and furthe r, calcination 25 

was carried out at 600 degrees C for 4 hours to rem ove terminal branched 

olefin copolymer composite particles to obtain the porous silica 
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particles. 

 It was found that the porous silica particles were  obtained, 

which had 50 % mean particle size by volume of 123 nm and D90/D50 

of 1.35 according to the measurements with DLS, and  also contained 

the pores of 10 to 20 nm in the interior thereof ac cording to the 5 

TEM observation.  The investigations on the pore st ructure in the 

nitrogen adsorption process showed that the BET spe cific surface area 

was 183 m 2/g, and the value calculated using BJH method from the 

adsorption isothermal curve (BJH pore diameter) was  15 nm and the 

value calculated using BJH method from the desorpti on isothermal 10 

curve (connecting section) was equal to or lower th an 4 nm, and 

therefore it was found that the three-dimensional c ubic phase 

structure, in which the pores were mutually connect ed, was created. 

[0215] 

Example a7 15 

(Synthesis of Porous Silica Particles 7) 

 9.72 mL of ethanol, 1.8 mL of deionized water, 0.8  mL of terminal 

branched polyolefin based copolymer (T) water dispe rsion which was 

prepared to be 15 % by weight, and 0.4 mL of 28 % a mmonia aqueous 

solution were added to a flask of 50 mL, and the re sultant was stirred 20 

for 15 minutes.  Then, a solution prepared by dilut ing 1.32 mL of 

TEOS with 5.28 mL of ethanol was added thereto, and  the resultant 

was stirred at room temperature for 24 hours. 

The obtained silica/terminal branched olefin copoly mer composite 

particles were separated and collected and collect by centrifugal 25 

separation (11000 rpm, 15 minutes), and after being  washed with 

ethanol for 3 times, the product was dried at 80 de grees C overnight.  
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The temperature was elevated from room temperature to 600 degrees 

C in 2 hours, and further, calcination was carried out at 600 degrees 

C for 4 hours to remove terminal branched olefin co polymer composite 

particles to obtain the porous silica particles. 

 It was found that the porous silica particles were  obtained, 5 

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 

nitrogen adsorption method showed that the BET spec ific surface area 10 

was 153 m 2/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 c ubic phase 15 

structure, in which the pores were mutually connect ed, was created. 

[0216] 

Example a8 

(Synthesis of Porous Silica Particles 8) 

 The porous silica particles were obtained by a met hod similar 20 

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 ht was 0.6 mL in 

Example a6. 

 It was found that the porous silica particles were  obtained, 25 

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 cording to the 

TEM observation.  The investigations on the pore st ructure in the 

nitrogen adsorption process showed that the BET spe cific surface area 

was 102 m 2/g, and the value calculated using BJH method from the 

adsorption isothermal curve (BJH pore diameter) was  14 nm and the 5 

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 c ubic phase 

structure, in which the pores were mutually connect ed, was created. 

[0217] 10 

Example a9 

(Synthesis of Porous Silica Particles 9) 

 The porous silica particles were obtained by a met hod similar 

to that employed in Example a7, except that deioniz ed water was 2 

mL and water dispersion of the terminal branched po lyolefin based 15 

copolymer (T) which was prepared to be 15 % by weig ht was 0.6 mL in 

Example a7. 

 It was found that the porous silica particles were  obtained, 

which had 50 % mean particle size by volume of 251 nm and D90/D50 

of 1.36 according to the measurements with DLS, and  also contained 20 

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 

nitrogen adsorption process showed that the BET spe cific surface area 

was 88 m 2/g, and the value calculated using BJH method from the 

adsorption isothermal curve (BJH pore diameter) was  13 nm and the 25 

value calculated using BJH method from the desorpti on isothermal 

curve (connecting section) was equal to or lower th an 4 nm, and 
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therefore it was found that the three-dimensional c ubic phase 

structure, in which the pores were mutually connect ed, was created. 

[0218] 

Reference Example a1 

(Synthesis of Silica Particles) 5 

 0.1 mL of 28 % aqueous ammonia was added to 5 mL o f ethanol 

and was stirred, and TEOS/ethanol (0.1 mL/0.4 mL) w as further added 

and was stirred for 4 hours.  This mixture was drie d to obtain the 

silica particles. 

 It was found from the measurements with DLS that t he porous 10 

silica particles having 50 % mean particle size by volume of 150 nm 

and D90/D50 was 1.2 were obtained.  Still, none of pore was confirmed 

in the interior of the silica particles in the TEM observation (Fig. 

4).  The BET specific surface area was 20 m 2/g. 

[0219] 15 

Comparative Example a1 

(Synthesis of Porous Silica Particles 10) 

 8.2 mg of cationic surfactant CTAB (cetyltrimethyl ammonium 

bromide) was dissolved in ethanol/water (10 mL/2 mL ), and 0.2 mL of 

28 % ammonium water was added thereto, and was stir red.  0.1 mL of 20 

TEOS was added, and was stirred for 4 hours.  The o btained silica/CTAB 

composite particles were separated and collected by  centrifugal 

separation, and were further washed with ethanol.  The obtained 

powder was dried by using a vacuum dryer.  The temp erature was 

elevated from room temperature to 550 degrees C at a rate of 3.5 degrees 25 

C/min., and further, calcination was carried out at  550 degrees C 

for 4 hours to remove CTAB to obtain the porous sil ica particles. 
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 It was found from the measurements with DLS that t he porous 

silica particles having 50 % mean particle size by volume of 300 nm 

and D90/D50 was 1.3 were obtained.  In addition, in  the present 

Comparative Example a1, it was difficult to determi ne the sizes of 

the pores in the interior of the particles by the T EM observation.  5 

In addition, the BET specific surface area was 32 m 2/g, and both of 

the pore sizes obtained in BJH method from the adso rption side and 

the desorption side were 2 nm.  It was estimated th at the pore had 

two-dimensional cylinder structure. 

[0220] 10 

Comparative Example a2 

(Synthesis of Porous Silica Particles 11) 

 The porous silica particles were obtained by a met hod similar 

to that employed in Synthesis 10, except that the q uantity of CTAB 

was changed to 10.2 mg. 15 

 It was found from the measurements with DLS that t he porous 

silica particles having 50 % mean particle size by volume of 410 nm 

and D90/D50 was 1.3 were obtained.  In addition, th e results of 

observing the particles by the TEM are shown in Fig . 5.  The BET 

specific surface area was 64 m 2/g, and both of the pore sizes calculated 20 

using BJH method from the adsorption side and the d esorption side 

were 2 nm.  It was estimated that the pore had two- dimensional 

cylinder structure. 

[0221] 

Comparative Example a3 25 

(Synthesis of Porous Silica Particles 12) 

 The porous silica particles were obtained by a met hod similar 
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to that employed in Synthesis 10, except that the q uantity of CTAB 

was changed to 20.5 mg. 

 It was found from the TEM observation that only pa rticles of 

irregular shapes that are not spherical were obtain ed (Fig. 6). 

[0222] 5 

Example a10 

(Preparation of Water Dispersion of Porous Silica P articles) 

 72 mL of water dispersion of 15% by weight of term inal branched 

polyolefin based copolymer (T) and 14.4 mL of 28 % ammonia water 

solution were added to 500 mL of ethanol, and the m ixture was stirred 10 

until it became homogeneous.  TEOS/ethanol (36 mL/1 50 mL) and ethyl 

triethoxysilane (Triethoxy(ethyl)silane)/ethanol (3 .6 mL/14.4 mL) 

were added at a time.  Then, the resultant was stir red at room 

temperature for 4 hours.  The obtained silica/termi nal branched 

olefin copolymer composite particles were separated  and collected 15 

by centrifugal separation, and were further washed with ethanol.  The 

obtained powder was dried by using a vacuum dryer.  The temperature 

was elevated from room temperature to 450 degrees C  at a rate of 3.5 

degrees C/min., and further, calcination was carrie d out at 550 

degrees C for 4 hours to remove terminal branched o lefin copolymer 20 

composite particles to obtain the porous silica par ticles.  10 g of 

the powder of the porous silica particles were adde d to 500 mL of 

water, and the dispersing process was conducted by using a bead mill.  

After the dispersing process, a homogeneous dispers ion without 

precipitation was obtained.  A part of the dispersi on was dried, and 25 

the TEM observation of the obtained particles was c onducted to confirm 

that the porous structure was maintained (Fig. 7 an d Fig. 8). 
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 It was found that the porous silica particles were  obtained, 

which had 50 % mean particle size by volume of 80 n m and D90/D50 of 

1.3 according to the measurements with DLS, and als o contained the 

pores of 10 to 30 nm in the interior thereof accord ing to the TEM 

observation.  In addition, the BET specific surface  area was 235 m 2/g, 5 

and the value calculated using BJH method from the adsorption 

isothermal curve (BJH pore diameter) was 11 nm and the value calculated 

using BJH method from the desorption isothermal cur ve (connecting 

section) was equal to or lower than 4 nm, and there fore it was found 

that the three-dimensional cubic phase structure, i n which the pores 10 

were mutually connected, was created (Figs. 9(a) an d 9(b)). 

[0223] 

Example a11 

(Preparation of Ethanol Dispersion of Porous Silica  Particles) 

 72 mL of water dispersion of 15% by weight of term inal branched 15 

polyolefin based copolymer (T) and 14.4 mL of 28 % ammonia water 

solution were added to 500 mL of ethanol, and the m ixture was stirred 

until it became homogeneous.  TEOS/ethanol (36 mL/1 50 mL) and ethyl 

triethoxysilane (Triethoxy (ethyl) silane)/ethanol (3.6 mL/14.4 mL) 

were added thereto at a time.  Then, the resultant was stirred at 20 

room temperature for 4 hours.  The obtained silica/ terminal branched 

olefin copolymer composite particles were separated  and collected 

by centrifugal separation, and were further washed with ethanol.  The 

obtained powder was dried by using a vacuum dryer.  The temperature 

was elevated from room temperature to 450 degrees C  at a rate of 3.5 25 

degrees C/min., and further, calcination was carrie d out at 550 

degrees C for 4 hours to remove terminal branched o lefin copolymer 
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composite particles to obtain the porous silica par ticles.  10 g of 

powder of the porous silica particles were added to  437 ml of ethanol, 

and the dispersing process was conducted by conduct ing an ultrasonic 

(US) processing for 30 minutes.  After the dispersi ng process, a 

homogeneous dispersion without precipitation was ob tained.  A part 5 

of the dispersion was dried, and the TEM observatio n of the obtained 

particles was conducted to confirm that the porous structure was 

maintained. 

 It was found that the porous silica particles were  obtained, 

which had 50 % mean particle size by volume of 80 n m and D90/D50 of 10 

1.3 according to the measurements with DLS, and als o contained the 

pores of 10 to 30 nm in the interior thereof accord ing to the TEM 

observation.  In addition, the BET specific surface  area was 235 m 2/g, 

and the value calculated using BJH method from the adsorption 

isothermal curve (BJH pore diameter) was 11 nm and the value calculated 15 

using BJH method from the desorption isothermal cur ve (connecting 

section) was equal to or lower than 4 nm, and there fore it was found 

that the three-dimensional cubic phase structure, i n which the pores 

were mutually connected, was created. 

[0224] 20 

Comparative Example a4 

 15 parts by weight of methanol serving as a solven t was add 

to 10 parts by weight of tetramethoxysilane (TMOS),  and was stirred 

at room temperature.  1 part by weight of 1N-hydroc hloric acid aqueous 

solution serving as a catalyst was further dropped therein, and then 25 

was stirred at 50 degrees C for 1 hour to obtain de hydrated condensate 

of TMOS. 
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 Further 3.4 g of 1N-hydrochloric acid aqueous solu tion was 

dropped to the obtained dehydrated condensate of TM OS (for the purpose 

of adjusting pH after adding terminal branched poly olefin based 

copolymer to be 3), and the mixture was stirred at room temperature, 

and 72.4 parts by weight of an aqueous dispersion o f terminal branched 5 

polyolefin copolymer (T) (solid content 10% by weig ht) was further 

dropped, and was stirred at room temperature to pre pare a composition 

of terminal branched polyolefin copolymer /a soluti on of dehydrated 

condensate of TMOS.  This composition was poured in to a spray dryer 

apparatus at a flow rate of 6 cc/min, and was press urized (2.6 kg/cm 2) 10 

at the nozzle outlet temperature of 120 degrees C a nd was sprayed 

to obtain composite fine particles of terminal bran ched polyolefin 

based copolymer/silica.  The obtained powder was dr ied by using a 

vacuum dryer.  The temperature was elevated from ro om temperature 

to 550 degrees C at a rate of 3.5 degrees C/min., a nd further, 15 

calcination was carried out at 550 degrees C for 4 hours to remove 

terminal branched olefin copolymer composite partic les to obtain the 

porous silica particles. 

 10 g of the powder of the porous silica particles were added 

to 500 mL of water, and the dispersing process was conducted by using 20 

a bead mill.  After the dispersing process, a homog eneous dispersion 

without precipitation was obtained.  A part of the dispersion was 

dried, and the TEM observation of the obtained part icles was conducted 

to confirm that the porous structure was maintained . 

 It was found that the porous silica particles were  obtained, 25 

which had 50 % mean particle size by volume of 3.8 µm and D90/D50 

of 5.2 according to the measurements with DLS, and also contained 
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the pores of 10 to 30 nm in the interior thereof ac cording to the 

TEM observation.  In addition, the BET specific sur face area was 680 

m2/g, and the value calculated using BJH method from the adsorption 

isothermal curve (BJH pore diameter) was 11 nm and the value calculated 

using BJH method from the desorption isothermal cur ve (connecting 5 

section) was equal to or lower than 4 nm, and there fore it was found 

that the three-dimensional cubic phase structure, i n which the pores 

were mutually connected, was created. 

[0225] 

Example a12 10 

 The water dispersion obtained in Example a10 was c oncentrated 

to 2.9 % by weight via an ultrafiltration process.  8 g of Almatex 

A9083 (commercially available from Mitsui Chemicals , Inc.; solid 

concentration: 50 % by weight which was aqueous emu lsion of an acrylic 

resin, was mixed to 35 g of this dispersion, and th e mixture was poured 15 

in a Petri dish, and was dried in an ovens of 70 de grees C to obtain 

a uniform and transparent film having a thickness o f 50 µm.  The HAZE 

value was 1.7, the refractive index at D-line (589 nm) of the film 

was 1.38, and the thermal conductivity was 0.04 W/m K. 

[0226] 20 

Example a13 

 35 g of an ethanol dispersion (2.9% by weight) obt ained in 

Example a11 and a PVB resin ethanol solution (polyv inylbutyral, 

weight average molecular weight: 50,000-80,000) pre liminarily 

adjusted to 10 % were mixed, and the mixture was po ured in a Petri 25 

dish, and was dried in an ovens of 70 degrees C to obtain a uniform 

and transparent film having a thickness of 70 µm.  The HAZE value 
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was 0.4, the refractive index at D-line (589 nm) of  the film was 1.33, 

and the thermal conductivity was 0.03 W/mK. 

[0227] 

Comparative Example a5 

 A film was prepared similarly as in Example a12, e xcept that 5 

no dispersion was used, to obtain a film made of on ly the acrylic 

resin aqueous emulsion Almatex A9083.  The HAZE val ue of this film 

was 0.3, the refractive index at D-line (589 nm) of  the film was 1.47, 

and the thermal conductivity was 0.58 W/mK. 

[0228] 10 

Comparative Example a6 

 The porous silica particles obtained in Comparativ e Example 

a1 were dispersed with a bead mill similarly as in Example a10, and 

the resultant dispersion was used to prepare a film  by a method similar 

to that in Example a12.  The HAZE value was 12, and  the refractive 15 

index was impossible to be measured.  The thermal c onductivity was 

0.88 W/mK. 

[0229] 

Comparative Example a7 

 The porous silica particles obtained in Comparativ e Example 20 

a2 were dispersed with a bead mill similarly as in Example a10, and 

the resultant dispersion was used to prepare a film  by a method similar 

to that in Example a12.  The HAZE value was 20, and  the refractive 

index was unmeasurable.  The thermal conductivity w as 0.92 W/mK. 

[0230] 25 

Comparative Example a8 

 The porous silica particle dispersion obtained in Comparative 
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Example a4 was used to prepare a film by a method s imilar to that 

in Example a12.  The HAZE value was 36, and the ref ractive index was 

unmeasurable.  The thermal conductivity was 0.07 W/ mK. 

[0231] 

Comparative Example a9 5 

 A film was prepared similarly as in Example a13, e xcept that 

no dispersion was used, to obtain a film made of on ly PVB.  The HAZE 

value of this film was 0.1, the refractive index at  D-line (589 nm) 

of the film was 1.49, and the thermal conductivity was 0.22 W/mK. 

[0232] 10 

[Example B] 

(Synthesis Example of Terminal Branched Polyolefin Based Copolymer) 

 Number average molecular weight (Mn), weight avera ge molecular 

weight (Mw) and molecular weight distribution (Mw/M n) were measured 

by methods described in the descriptions with a gel  permeation 15 

chromatography (GPC).  In addition, the peak top te mperature which 

was obtained by a measurement with differential sca nning calorimetry 

(DSC) is employed as the melting point (Tm).  In ad dition, while the 

melting point of polyalkylene glycol moiety was als o identified 

depending on the measurement conditions, this indic ates the melting 20 

point of polyolefin moiety unless otherwise particu larly indicated.  

In 1H-NMR, the polymer was completely dissolved in 

deuterated-1,1,2,2-tetrachloroethane which was a lo cking solvent and 

solvating media in a measurement sample tube, and t hen the measurement 

was carried out at 120 degrees C.  Concerning chemi cal shifts, peak 25 

of deuterated-1,1,2,2-tetrachloroethane was defined  as 5.92 ppm, and 

then chemical shift values of other peaks were dete rmined.  
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Concerning the particle sizes of particles in the d ispersion, 50 % 

mean particle size by volume was measured with Micr otrack UPA 

(commercially available from HONEYWELL).  The sampl e was diluted to 

200 folds - 500 folds and was negatively stained wi th phosphotungstic 

acid, and then the observation of the shape of the particles in the 5 

dispersion was carried out with transmission electr on microscope 

(TEM/H -7650 commercially available from Hitachi, L td.) under the 

condition of 100 kV. 

[0233] 

(Synthesis Example of Terminal Branched Polyolefin Based Copolymer 10 

(T)) 

 Terminal epoxy group-containing ethylene polymer ( E) was 

synthesized according to the following procedures ( for example, see 

Synthesis Example 2 in Japanese Laid-Open Patent Pu blication No. 

2006-131870).  1000 ml of heptane was placed at a r oom temperature 15 

in a stainless-steel autoclave having a capacity of  2000 ml, which 

was sufficiently substituted with nitrogen, and was  heated to 150 

degrees C.  Successively, the autoclave was pressur ized with ethylene 

to 30 kg/cm 2G, and the temperature was maintained.  0.5 ml (0.5  mmol) 

of hexane solution of MMAO (commercially available from TOSOH FINE 20 

CHEM) (1.00 mmol/ml in terms of aluminum atom) was injected with high 

pressure, and then 0.5 ml (0.0001 mmol) of a toluen e solution (0.0002 

mmol/ml) of the compound represented by the followi ng general formula 

(14) was injected with pressure to initiate the pol ymerization.  The 

polymerization was carried out within ethylene gas atmosphere at 150 25 

degrees C for 30 minutes, and then the polymerizati on was stopped 

by injecting a smaller amount of methanol with high  pressure.  The 
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obtained polymer solution was added in 3 liters of methanol containing 

a small amount of hydrochloric acid to precipitate polymers.  After 

washing with methanol, this was dried under reduced  pressure at 80 

degrees C for 10 hours to obtain ethylene-based pol ymer having double 

bond at one terminal (P). 5 

[0234] 

 

[0235] 

 100 g (vinyl group 108 mmol, assuming Mn is 850) o f the 

above-described ethylene-based polymer having doubl e bond at one 10 

terminal (P-1), 300 g of toluene, 0.85 g (2.6 mmol)  of Na 2WO4, 0.60 

g (1.3 mmol) of CH 3(nC 8H17) 3NHSO4 and 0.11 g (1.3 mmol) of phosphoric 

acid were added into a 500 ml separable flask, and was heated to be 

refluxed while stirring for 30 minutes to completel y melt the polymer.  

After the internal temperature was reached to 90 de grees C, 37 g of 15 

30 % hydrogen peroxide water (326 mmol) was dropped  for three hours, 

and then was stirred at the internal temperature of  90 - 92 degrees 

C for 3 hours.  Then, 34.4 g (54.4 mmol) of 25 % so dium thiosulfate 

aqueous solution was added thereto while maintainin g at 90 degrees 
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C and was stirred for 30 minutes, and it was found with a peroxide 

test paper that peroxides in the reaction system wa s completely 

decomposed.  Then, 200 g of dioxane was added there to at an internal 

temperature of 90 degrees C to crystallize the prod uct, and the 

resultant solid was collected via filtering, and wa s washed with 5 

dioxane.  The obtained solid was stirred in 50 % me thanol aqueous 

solution at room temperature, and then the solid wa s collected by 

a filtration and was washed with methanol.  The sol id was further 

stirred in 400 g of methanol, and then was collecte d by a filtration 

and was washed with methanol.  The resultant produc t was dried at 10 

room temperature under reduced pressure of 1 to 2 h Pa to obtain 96.3 

g of terminal epoxy group-containing ethylene polym er (E) in a white 

solid form (yields: 99%, polyolefin conversion rati o: 100%). 

 The obtained terminal epoxy group-containing ethyl ene polymer 

(E) exhibited: Mw = 2058, Mn = 1118 and Mw/Mn = 1.8 4 (GPC) (terminal 15 

epoxide group content: 90 mol%). 

1H-NMR: δ (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. 20 

[0236] 

 84 parts by weight of terminal epoxy group-contain ing ethylene 

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 

at 150 degrees C for 4 hours.  Then, acetone was ad ded while cooling 25 

to precipitate the reaction products, and a solid w as collected by 

filtration.  The obtained solid was washed while st irring with 
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acetone aqueous solution for one time and further w ith acetone for 

three times, and then a solid was collected by filt ration.  Then, 

the resultant product was dried at room temperature  under reduced 

pressure to obtain polymer (I) (Mn = 1223, A in the  following general 

formula (9): functional group formed by the polymer ization of 5 

ethylene (Mn = 1075), R 1 = R 2 = hydrogen atom, one of Y 1 and Y 2 is hydroxyl 

group, and the other is bis(2-hydroxyethyl) amino g roup). 

1H-NMR: δ (C2D2Cl4) 0.88 (t, 3H, J = 6.6Hz), 0.95-1.92 (m), 2.38-2.85 

(m, 6H), 3.54-3.71 (m, 5H). 

melting point (Tm): 121 degrees C. 10 

[0237] 

 

[0238] 

 20.0 parts by weight of polymer (I) and 100 parts by weight 

of toluene were put in a 500 mL flask equipped with  nitrogen supply 15 

tubes, a thermometer, cooling tubes and a stirring apparatus, and 

the heating was carried out in an oil bath of 125 d egrees C while 

stirring to completely dissolve the solid.  After b eing cooled to 

90 degrees C, 0.323 parts by weight of 85 % KOH, wh ich had preliminarily 

been dissolved in 5.0 parts by weight of water, was  added to the flask, 20 

and was mixed under the reflux condition for two ho urs.  Then, water 

and toluene were distilled off while gradually rais ing the 

temperature in the flask to 120 degrees C.  Further , the internal 

pressure of the flask was reduced while supplying a  small amount of 
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nitrogen, and internal temperature was further incr eased to 150 

degrees C, and then the conditions were maintained for 4 hours to 

further distilling water and toluene off from the f lask.  After being 

cooled to room temperature, the solid substance sol idified in the 

flask was crushed, and was taken out. 5 

[0239] 

 18.0 parts by weight of the obtained solid substan ce and 200 

parts by weight of dehydrated toluene were put in a  1.5 L pressure 

reactor made of stainless steel having a heating un it, a stirrer unit, 

a thermometer, a pressure gauge, and safety valves,  and after the 10 

gas phase was replaced with nitrogen, the temperatu re was increased 

to 130 degrees C while stirring.  30 minutes later,  9.0 parts by weight 

of ethylene oxide was added, and after being mainta ined at 130 degrees 

C for further 5 hours, it was cooled to room temper ature to obtain 

the reactant.  The obtained reactant was dried to r emove the solvent 15 

to obtain terminal branched polyolefin based copoly mer (T) (Mn = 1835, 

in general formula (1), A: group which is formed by  polymerization 

of ethylene (Mn = 1075); R 1 = R 2 = hydrogen atom; one of X 1 and X 2 is 

group represented by general formula (6) (X 11 = polyethylene glycol 

group) and the other is group represented by genera l formula (5) (Q 1 20 

= Q 2 = ethylene group, X 9 = X 10 = polyethylene glycol group)). 

1H-NMR δ (C2D2Cl4) 0.88 (3H, t, J = 6.8Hz), 1.06-1.50 (m), 2.80-3.20 

(m), 3.33-3.72 (m). 

melting point (Tm): -16 degrees C (polyethylene gly col), 116 degrees 

C. 25 

[0240] 

<Example of Preparing Water Dispersion of Terminal Branched 
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Polyolefin Based Copolymer Particles> 

(Preparation of Water Dispersion of 20% by weight o f Terminal Branched 

Polyolefin Based Copolymer (T)) 

 10 parts by weight of (A) terminal branched polyol efin based 

copolymer (T) obtained in the aforementioned Synthe sis Example and 5 

40 parts by weight of distilled water serving as (C ) the solvent were 

placed in a 100 ml autoclave, and after heating and  stirring at 140 

degrees C at the speed of 800 rpm for 30 minutes, i t was cooled to 

room temperature while continuing the stirring.  50  % mean particle 

size by volume of the obtained dispersed system was  0.018 µm (10 % 10 

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

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

system determined from the observation results thro ugh the 

transmission electron microscope were from 0.015 to  0.030 µm. 

[0241] 15 

<Example of Preparing Porous Silica Particle Disper sion> 

(Preparation Example b1 of Diacetone Alcohol Disper sion of Porous 

Silica Particles) 

 72 mL of water dispersion of 15% by weight termina l branched 

polyolefin based copolymer (T) and 14.4 mL of 28 % ammonia aqueous 20 

solution were added to 500 mL of ethanol, and the m ixture was stirred 

until it became homogeneous.  TEOS/ethanol (36 mL/1 50 mL) and ethyl 

triethoxysilane (Triethoxy (ethyl) silane)/ethanol (3.6 mL/14.4 mL) 

were added thereto at a time.  Then, the resultant was stirred at 

room temperature for 4 hours.  The obtained silica/ terminal branched 25 

olefin copolymer composite particles were separated  and collected 

by centrifugal separation, and were further washed with ethanol.  The 
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obtained powder was dried by using a vacuum dryer.  The temperature 

was elevated from room temperature to 450 degrees C  at a rate of 3.5 

degrees C/min., and further, calcination was carrie d out at 550 

degrees C for 4 hours to remove terminal branched o lefin copolymer 

composite particles to obtain the porous silica par ticles.  10 g of 5 

powder of the porous silica particles were added to  437 ml of diacetone 

alcohol, and the dispersing process was conducted b y conducting an 

ultrasonic (US) processing for 30 minutes.  After t he dispersing 

process, a homogeneous dispersion without precipita tion was obtained.  

A part of the dispersion was dried, and the TEM obs ervation of the 10 

obtained particles was conducted to confirm that th e porous structure 

was maintained. 

 It was found that the porous silica particles were  obtained, 

which had 50 % mean particle size by volume of 80 n m and D90/D50 of 

1.3 according to the measurements with DLS, and als o contained the 15 

pores of 10 to 30 nm in the interior thereof accord ing to the TEM 

observation.  In addition, the BET specific surface  area was 235 m 2/g, 

and the value calculated using BJH method from the adsorption 

isothermal curve (BJH pore diameter) was 11 nm and the value calculated 

using BJH method from the desorption isothermal cur ve (connecting 20 

section) was equal to or lower than 4 nm, and there fore it was found 

that the three-dimensional cubic phase structure, i n which the pores 

were mutually connected, was created. 

 In addition to above, in the section B of the pres ent Example, 

the obtained porous silica particles were dispersed  to water and a 25 

particle size distribution measurement apparatus/na notrack WAVE was 

used to carry out the measurements with DLS.  In ad dition, silica 
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was used as the porous particles and water was used  as the dispersion 

solvent, and therefore the measurements were carrie d out by assuming 

that the refractive index of silica is 1.44 and the  refractive index 

of water is 1.0. 

[0242] 5 

(Preparation Example b2 of Diacetone Alcohol Disper sion of Porous 

Silica Particles) 

 4.1 g of cationic surfactant CTAB (cetyltrimethyla mmonium 

bromide) was dissolved in ethanol/water (5 L/1 L), and 100 mL of 28 % 

ammonium water was added thereto, and was stirred.  50 mL of TEOS 10 

was added, and was stirred for 4 hours.  The obtain ed silica/CTAB 

composite particles were separated and collected by  centrifugal 

separation, and were further washed with ethanol.  The obtained 

powder was dried by using a vacuum dryer.  The temp erature was 

elevated from room temperature to 550 degrees C at a rate of 3.5 degrees 15 

C/min., and further, calcination was carried out at  550 degrees C 

for 4 hours to remove CTAB to obtain the porous sil ica particles.  

10 g of powder of the porous silica particles were added to 437 ml 

of diacetone alcohol, and the dispersing process wa s conducted by 

conducting an ultrasonic (US) processing for 30 min utes.  After the 20 

dispersing process, a homogeneous dispersion withou t precipitation 

was obtained. 

 It was found from the measurements with DLS that t he porous 

silica particles having 50 % mean particle size by volume of 300 nm 

and D90/D50 was 1.3 were obtained.  In addition, it  was difficult 25 

to determine the sizes of the pores in the interior  thereof from the 

TEM observation.  In addition, the BET specific sur face area was 32 
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m2/g, and both of the pore sizes obtained in BJH meth od from the 

adsorption side and the desorption side were 2 nm.  It was estimated 

that the pore had two-dimensional cylinder structur e. 

[0243] 

Example b1 5 

 20 g of the diacetone alcohol dispersion of the po rous silica 

particles of Preparation Example b1, which was conc entrated to 10% 

by weight, 3.0 g of trimethylolpropane triacrylate,  and 1.0 g of 

pentaerythritol triacrylate hexamethylene diisocyan ate urethane 

prepolymer (commercially available from Kyoeisha Ch emical Co., Ltd.: 10 

Trade name UA-306H) were mixed, and then 3 g of pol yethylene glycol 

methyl ether was added thereto.  Further, 0.15 g of  

2,4,6-trimethylbenzoyl diphenyl phosphine oxide ser ving as a 

photoinitiator and 0.01 g of a Si-based surfactant (commercially 

available from Nippon Unicar Co., Ltd.: Trade name FZ-2110) were add 15 

thereto, and the mixture was sufficiently stirred t o prepare a 

composition for coating.  The prepared composition for coating was 

used to coat surfaces of a Si-wafer and a silica gl ass, and the surfaces 

were irradiated with a high pressure mercury lamp ( power 100 W/cm) 

for 60 seconds to form coating films.  The results of the evaluations 20 

were shown in Table 1. 

[0244] 

 In addition to above, the following evaluations we re conducted 

for the coating films having thicknesses of 1.0 to 3.0 µm formed on 

the Si-wafer or on the silica glass by the spin coa ting process. 25 

[0245] 

(1) Refractive Index 
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 The refractive index of the coating material of th e present 

embodiment was determined for the film formed on th e Si-wafer with 

an Abbe's refractometer commercially available from  ATAGO CO., LTD. 

(2) Transparency 

 As for the transparency of the present embodiment,  the 5 

transmittance of the film formed on the silica glas s was measured 

from wavelength 400 nm to 600nm with a film transmi ssometer (UV2200 

commercially available from Shimadzu Corporation). 

A: Transmittance was equal to or higher than 90 % f rom 400 nm to 600 

nm. 10 

B: Transmittance was equal to or higher than 80 % a nd lower than 90 % 

from 400 nm to 600 nm. 

C: Transmittance was lower than 80 % from 400 nm to  600 nm. 

(3) Scratch resistance test 

 The scratch resistance of the present embodiment w as determined 15 

for a sample formed on the silica glass, in which t he surface was 

rubbed for 10 reciprocations with a load of 1000 g and 500 g exerted 

with a #0000 steel wool (commercially available fro m Nippon Steel 

Wool Co., Ltd.), and the level of the scratch was e stimated by visual 

observation with the following criteria. 20 

A: No scratch in the area rubbed with 500 g load. 

B: 1 to 9 scratches in the area rubbed with 500 g l oad. 

C: 10 to 30 scratches in the area rubbed with 500 g  load. 

D: countless (more than 30) scratches in the area r ubbed with 500 

g load. 25 

[0246] 

Example b2 
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 20 g of the diacetone alcohol dispersion of the po rous silica 

particles of Preparation Example b1, which was conc entrated to 10% 

by weight, 1.0 g of 1,6-hexanediol diglycidyl ether  and 3.0 g of 

pentaerythritol tri glycidyl ether were mixed, and then 3 g of 

polyethylene glycol methyl ether was added thereto.   Further, 0.15 5 

g of ADEKA OPTOMER-SP-150 serving as a photoinitiat or and 0.01 g of 

a Si-based surfactant (commercially available from Nippon Unicar Co., 

Ltd.: Trade name FZ-2110) were added thereto, and t he mixture was 

sufficiently stirred to prepare a composition for c oating.  The 

prepared composition for coating was used to coat s urfaces of a 10 

Si-wafer and a silica glass, and the surfaces were irradiated with 

a high pressure mercury lamp (power 100 W/cm) for 6 0 seconds to form 

coating films.  The results of the evaluations were  shown in Table 

1. 

[0247] 15 

Example b3 

 20 g of the diacetone alcohol dispersion of the po rous silica 

particles of Preparation Example b1, which was conc entrated to 10% 

by weight, 4.2 g of 3-glycidoxypropyltrimethoxysila ne serving as a 

silane compound and/or a compound created by partia lly condensing 20 

thereof, and 1.3 g of 0.1 N hydrochloric acid water  were added while 

stirring, and were further stirred for 2 hours.  7 g of polyethylene 

glycol methyl ether was added and was sufficiently stirred, and then 

0.2 g of Al (III) acetylacetonate serving as a meta l chelate compound 

and 0.01 g of polyether-modified polydimethyl silox ane BYK333 25 

(product name, commercially available from BYK-Chem ie GmbH.) serving 

as a compound having dimethylsiloxane skeleton were  added thereto, 
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and after being stirred for 4 hours, the mixture wa s matured for all 

night and all day to prepare the composition for ha rd coating agent.  

The prepared composition for coating was used to co at surfaces of 

a Si-wafer and a silica glass, and calcination was carried out at 

120 degrees C for 120 minutes to form the coating f ilm.  The results 5 

of the evaluations were shown in Table 1. 

[0248] 

Comparative Example b1 

 The coating film was formed by a method similar to  that in 

Example b3, except that 20 g of the diacetone alcoh ol dispersion of 10 

the porous silica particles of Preparation Example b2, which was 

concentrated to 10% by weight was added instead of the diacetone 

alcohol dispersion of the porous silica particles o f Preparation 

Example b1.  The results of the evaluations were sh own in Table 1. 

 In addition to above, since the coating film obtai ned by 15 

Comparative Example b1 had low film transparency, t he refractive 

index was not able to be precisely measured. 

[0249] 

Comparative Example b2 

 The coating film was formed by a method similar to  that in 20 

Example b1, except that non-porous silica particles  (commercially 

available from Nissan Chemical Industries, Ltd., Or ganosilicasol, 

70 - 100 nm ZL Type) were used.  The results of the  evaluations were 

shown in Table 1. 

[0250] 25 

Comparative Example b3 

 The coating film was formed by a method similar to  that in 
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Example b2, except that silica particles that were not porous 

(commercially available from Nissan Chemical Indust ries, Ltd., 

Organosilicasol, 70 - 100 nm ZL Type) were employed .  The results 

of the evaluations were shown in Table 1. 

[0251] 5 

Comparative Example b4 

 The coating film was formed by a method similar to  that in 

Example b3, except that silica particles that were not porous 

(commercially available from Nissan Chemical Indust ries, Ltd., 

Organosilicasol, 70 - 100 nm ZL Type) were employed .  The results 10 

of the evaluations were shown in Table 1. 

[0252] 

Comparative Example b5 

 The coating film was formed by a method similar to  that in 

Example b1, except that none of porous silica parti cle was added.  15 

The results of the evaluations were shown in Table 1. 

[0253] 

Comparative Example b6 

 The coating film was formed by a method similar to  that in 

Example b2, except that none of porous silica parti cle was added.  20 

The results of the evaluations were shown in Table 1. 

[0254] 

Comparative Example b7 

 The coating film was formed by a method similar to  that in 

Example b3, except that none of porous silica parti cle was added.  25 

The results of the evaluations were shown in Table 1. 
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[0255] 

[Table 1] 

 Refractive 

Index 

Transparency Scratch 

Resistance  

Example b1 1.36 A A 

Example b2 1.34 A A 

Example b3 1.31 A A 

Comparative Example 

b1 

unmeasurable C B 

Comparative Example 

b2 

1.50 A A 

Comparative Example 

b3 

1.49 A A 

Comparative Example 

b4 

1.48 A A 

Comparative Example 

b5 

1.51 A C 

Comparative Example 

b6 

1.49 A C 

Comparative Example 

b7 

1.50 A B 
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[0256] 

 As can be seen from the results of Table 1, the co ating films 

obtained in Examples b1 to b3 exhibited enhanced pe rformances in any 

evaluation items of the refractive index, the trans parency and the 

scratch resistance. 5 

INDUSTRIAL APPLICABILITY 

[0257] 

 As described above, since the porous metal oxide m aterials 

obtained in the present invention have small partic le sizes, and also 

have mesopores having pore size of equal to or larg er than 5 nm, pore 10 

structure of which is an ordered three-dimensional cubic phase 

structure, a mixture thereof with a resin exhibits high transparency, 

so that the porous metal oxide materials is applica ble to optical 

materials, low dielectric constant materials and th ermal insulation 

materials, and in addition, the particles themselve s are expected 15 

as materials that can be newly applicable to medici nes (DDS: drug 

delivery system), molecular probes, catalysts, adso rbent materials, 

sensors, paints, inks and the like. 

[0258] 

 In addition, since the coating material obtained i n the present 20 

invention is capable of controlling the refractive index of the 

obtained coating film to be low, and is capable of having a hard coating 

property according to the characteristics of the bi nder, the coating 

material can be used for: image display devices suc h as a liquid 

crystal display, a CRT display, a projection displa y, a plasma display, 25 

an electroluminescence display, a reflection screen  and the like; 

coating materials for antireflective film such as a  touch panel and 
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the like; and antireflective coatings for spectacle  lens and the like. 

[0259] 

 The present application claims the benefit of prio rity based 

on Japanese Patent Application No. 2013-107963 file d May 22, 2013 

and Japanese Patent Application No. 2013-213548 fil ed October 11, 5 

2013, the entire disclosures thereof are hereby inc orporated by 

reference. 
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CLAIMS 

 

1. Porous metal oxide particles, 

 the 50 % mean particle size by volume thereof bein g equal to 

or larger than 50 nm and equal to or smaller than 3 00 nm, 5 

 the ratio of 90 % mean particle size by volume to 50 % mean 

particle size by volume (D90/D50) being equal to or  lower than 2.0, 

 the particles having mesopores having a pore size determined 

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

than 30 nm, and 10 

 the structure of the pores being a three-dimension al cubic 

phase structure. 

 

2. The porous metal oxide particles according to cl aim 1, 

 wherein the 50 % mean particle size by volume ther eof is equal 15 

to or larger than 50 nm and equal to or smaller tha n 100 nm, 

 the ratio of 90 % mean particle size by volume to 50 % mean 

particle size by volume (D90/D50) is equal to or lo wer than 1.5, 

 the particles have mesopores having a pore size de termined by 

BJH method equal to or larger than 5 nm and equal t o or smaller than 20 

30 nm, and 

 the structure of the pores is a three-dimensional cubic phase 

structure. 

 

3. A method of producing the porous metal oxide par ticles 25 

according to claim 1 or 2, comprising: 

 a step of obtaining a mixture comprising water and /or an organic 
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solvent miscible or partially miscible with water, water-insoluble 

polymer particles having 50 % mean particle size by  volume equal to 

or larger than 5 nm and equal to or smaller than 30  nm, and a base 

catalyst; 

 a step of obtaining organic and inorganic composit e particles 5 

by mixing a metal oxide precursor to said mixture a nd causing a sol-gel 

reaction of the metal oxide precursor; and 

 a step of removing said water-insoluble polymer pa rticles from 

said organic and inorganic composite particles. 

 10 

4. The method of producing the porous metal oxide p articles 

according to claim 3, 

 wherein said water-insoluble polymer particles are  particles 

composed of a terminal branched polyolefin based co polymer 

represented by the following general formula (1), a nd having number 15 

average molecular weight equal to or lower than 2.5  x 10 4. 

 

(In the formula, A represents polyolefin chain. R 1 and R 2 represent 

hydrogen atom or alkyl group having 1 to 18 carbon atoms and at least 

one thereof is hydrogen atom.  X 1 and X 2, which may be the same or 20 
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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, 5 

 wherein X 1 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) 

 

(In the formula, E represents oxygen atom or sulfur  atom, X 3 represents 10 

polyalkylene glycol group or group represented by g eneral formula 

(3) 

 

(In the formula, R 3 represents m+1 valent hydrocarbon group.  G, which  

is the same or different groups, represents a group  represented by 15 

-OX4 or -NX 5X6 (X 4 to X 6 represent a polyalkylene glycol group.).   m 

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

1 to 10.)) 

or are represented by general formula (4). 

 20 

(In the formula, X 7 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 polymer is 5 

represented by the following general formula (1a) o r general formula 

(1b). 

 

(In the formula, R 4 and R 5 represent hydrogen atom or alkyl group having 

1 to 18 carbon atoms and at least one thereof is hy drogen atom.  R 6 10 

and R 7 represent hydrogen atom or methyl group and at lea st one thereof 

is hydrogen atom, R 8 and R 9 represent hydrogen atom or methyl group 

and at least one thereof is hydrogen atom.  l+m rep resents an integer 

equal to or larger than 2 and equal to or smaller t han 450.  n 

represents an integer equal to or larger than 20 an d equal to or smaller 15 

than 300.) 
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(In the formula, R 4 and R 5 represent hydrogen atom or alkyl group having 

1 to 18 carbon atoms and at least one thereof is hy drogen atom.  R 6 

and R 7 represent hydrogen atom or methyl group and at lea st one thereof 

is hydrogen atom, R 8 and R 9 represent hydrogen atom or methyl group 

and at least one thereof is hydrogen atom, R 10 and R 11 represent hydrogen 5 

atom or methyl group and at least one thereof is hy drogen atom.  l+m+o 

represents an integer equal to or larger than 3 and  equal to or smaller 

than 450.  n represents an integer equal to or larg er than 20 and 

equal to or smaller than 300.) 

 10 

7. The method of producing the porous metal oxide p articles 

according to any one of claims 3 to 6, 

 wherein said step of obtaining a mixture comprises  a step of 

mixing said water and/or said organic solvent capab le of dissolving 

a part or all of water, water dispersion of said wa ter-insoluble 15 

polymer particles and said base catalyst. 

 

8. The method of producing the porous metal oxide p articles 

according to any one of claims 3 to 7, 

 wherein the metal oxide precursor is mixed in a co ndition of 20 

being preliminarily diluted with an organic solvent  miscible or 

partially miscible with water in said step of obtai ning the organic 

and inorganic composite particles. 

 

9. A resin composition comprising the porous metal oxide particles 25 

according to claim 1 or 2 and a binder resin. 
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10. A film comprising the porous metal oxide partic les according 

to claim 1 or 2. 

 

11. A paint comprising the porous metal oxide parti cles according 

to claim 1 or 2. 5 

 

12. A thermal insulation material comprising the po rous metal oxide 

particles according to claim 1 or 2. 

 

13. A low dielectric constant material comprising t he porous metal 10 

oxide particles according to claim 1 or 2. 

 

14. An ink comprising the porous metal oxide partic les according 

to claim 1 or 2. 

 15 

15. A medicinal agent adapting a drug delivery syst em (DDS) 

comprising the porous metal oxide particles accordi ng to claim 1 or 

2, wherein a drug is contained within the mesopores . 

 

16. A coating material comprising a component (A) a nd a component 20 

(B): 

(A) the porous metal oxide particles according to c laim 1 or 2; and 

(B) a curable functional group-containing compound.  

 

17. The coating material according to claim 16, 25 

 wherein the component (B) is an activated energy b eam-curable 

functional group-containing compound or a thermoset ting functional 
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group-containing silicon compound. 

 

18. The coating material according to claim 16 or 1 7, 

 wherein ratio of the component (A) to 100 parts by  weight of 

the components (A) and (B) in total is equal to or higher than 1 part 5 

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

 

19. A coating film obtained by curing the coating m aterial 

according to any one of claims 16 to 18. 

 10 

20. A film comprising the coating film according to  claim 19 in 

a surface section thereof. 

 

21. A lens comprising the coating film according to  claim 19 in 

a surface section thereof. 15 

 

22. An image display device comprising the coating film according 

to claim 19 on the surface thereof. 


