
SPECIFICATION 

SILICA PARTICLES, PROCESS FOR PRODUCTION OF SAME, AND RESIN 

COMPOSITION CONTAINING SAME 

TECHNICAL FIELD 

[0001] 

The present disclosure relates to a silica particle, a 

method for producing thereof, and a resin composition 

containing it. 

BACKGROUND OF THE DISCLOSURE 

[0002] 

Recently, highly-pure silica came to be used for 

producing electronic materials and semiconductors with the 

rapid developments in electronic industry (see patent document 

1, for example). 	Especially, a method using a sealing resin 

composition containing a resin and spherical silica which is 

being as filler is known. 	In such the use, silica particles 

having the sharp particle size distribution without coarse 

particles are needed with the size downing and the refinement 

of electronic parts. 

[0003] 

For example, a method for producing spherical silica 

particles which comprises hydrolysis reaction of alkoxysilane 

in the presence of a basic catalyst, such as ammonia, and 

polycondensation of the obtained hydrolysate to produce 

spherical silica particles (see patent document 2, for example) . 

A method for producing spherical silica having the sharp 

particle size distribution through the use of this sol-gel 

method has been investigated (Patent documents 3, 4, 5, and 6). 

[0004] 

When the sealing resin composition becomes solidified, 

a problem that a resin film is swollen to generate cracks occurs 

because silanol groups existing at the surface of silica 

particle absorb moisture. 	As the moisture absorption 
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increases, the sealing condition will be broken and the main 

body of semiconductor device will be exposed to the air. 	It 

tends to reduce the thickness of the sealing material to reduce 

the size and weight of the semiconductor device. 	However, in 

this case, the moisture may penetrate inside the sealing 

material trough the wall surface thereof. 	Even if the 

above-mentioned silica particle is used, such a problem cannot 

be solved. 

[0005] 

To solve the problem, patent document 7 discloses a method 

to inhibit the crack occurrence at the resin part by using 

amorphous silica having high moisture absorbency. 	However, 

this method cannot obtain sufficient effect because the 

moisture is still remained in the sealing material part. 

[0006] 
Patent document 8 discloses silica particles having fine 

pores of the certain size. 	However, the silica disclosed in 

patent document 8 is not high-density, because it has fine pores. 

Additionally, the amount of the silanol groups contained in the 

silica are controlled to surface treat by a silane coupling 

agent, and the silica are treated by a silane coupling agent. 

However, when the added amount of the silane coupling agent is 

low, the silanol groups which do not reacted with the silane 

coupling agent remains so that the remained silanol groups may 

reduce the humidity resistance. 	When the added amount of the 

silane coupling agent is large, the free silane coupling agents 

which are not used in the reaction may inhibit the adhesion to 

the resin and generate the change in color of the resin. 

PRIOR PATENT DOCUMENT 

PATENT DOCUMENT 

[0007] 

[PATENT DOCUMENT 1] 	Japanese Kokai Publication Hei4-31311 

(PATENT DOCUMENT 2] 	Japanese Kokai Publication Sho63-265806 

(PATENT DOCUMENT 3] 	Japanese Kokai Publication 2003-277044 

(PATENT DOCUMENT 4] 	Japanese Kokai Publication 2008-285406 
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[PATENT DOCUMENT 5] 	Japanese Kokai Publication 2003-277025 

(PATENT DOCUMENT 6) 	Japanese Kokai Publication 2003-165718 

[PATENT DOCUMENT 7) 	Japanese Kokai Publication Hei9-208809 

[PATENT DOCUMENT 8) 	Japanese Kokai Publication 2002-338230 

DISCLOSURE OF INVENTION 

OBJECT OF THE DISCLOSURE 

[0008) 

According to the above mentioned state of the art, the 

object of the present disclosure is to obtain silica particles 

having the sharp particle size distribution and low 

water-absorbing rate and being used suitably as a filler of a 

sealing resin composition, a method for producing it, and a 

resin composition containing the silica particle and a resin. 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0009] 

The present disclosure relates to a silica particle 

having a water-absorbing rate of less than 1.0 % measured 500 

hours after being kept at a temperature of 50°C and at a humidity 

of 90 %, and at a temperature of 85°C and at a humidity of 85 %, 

D90/D10 of 3 or less, a true specific gravity of 2.1 g/cm3  or 

more, and an average particle diameter of 10 I'm or less. 

The silica particle is preferably surface treated by 

using a silane coupling agent and/or a silane compound. 

[0010] 

The present disclosure relates to a method for producing 

the silica particle comprising a step (1) of obtaining silica 

particles by a hydrolysis reaction of tetraethoxysilane and/or 

a derivative thereof, and a step (2) of calcinating the obtained 

silica particles in said step (1) 	at 900 to 1050°C. 

[0011] 

The calcinating is preferably proceeded at the 

calcinating temperature of 950 to 1050°C. 

The method for producing the silica particle preferably 

comprises surface treating with use of a silane coupling agent 
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and/or a silane compound. 

The surface treating is preferably proceeded by means of 

a spray drying. 

The present disclosure relates to a resin composition 

containing the silica particle and a resin. 

EFFECT OF THE INVENTION 

[0012] 

The silica particle of the present disclosure has the 

sharp particle size distribution (that is, the amount of coarse 

particles having extremely-large particle diameter is little) 

and remarkable lower water-absorbing rate than ordinary silica 

particles at a wide range of temperatures over time. 	The silica 

particles can obtain excellent filling property, humidity 

resistance, and dimension stability which are needed for use 

of a sealing filler of a semiconductor and so on. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0013] 

The present disclosure is described in more detail below. 

The silica particle of the present disclosure has a 

water-absorbing rate of less than 1.0 % measured 500 hours after 

being kept at a temperature of 50°C and at a humidity of 90 %, 

and at a temperature of 85°C and at a humidity of 85 %. 	The 

has 	been known 	had been above-mentioned silica particle 	not 	 and 

produced by the inventors for the first time. 	The 

water-absorbing rate of ordinary silica particles are about 2 

to 5 % under the above-mentioned conditions. 	So, it maybe said 

that the water-absorbing rate of the silica particle of the 

present disclosure is exceptionally-low. 	The water-absorbing 

rate is preferably less than 0.596, and the lower limit is not 

particularly limited but preferably 0.01 % or more. 	In the 

present disclosure, the water-absorbing rate can be measured 

by the following method. 	First, silica powder 10 g is weighed 

in a 300 cc-beaker, and weighed before absorbing the moisture. 

The beaker containing the silica powder is put in a 
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thermo-hygrostat and after another 500 hours, the silica powder 

absorbing the moisture is weighed. 	The calculation method of 

the water-absorbing rate is showed by the formula (1) . 

Water-absorbing rate (%) = (weight after absorbing the moisture 

- weight before absorbing the moisture) / 	(weight before 

absorbing the moisture) 	x 100 	(1) 

For example, the temperature and the humidity when the 

water-absorbing rate is measured may be controlled by using a 

thermo-hygrostat (LH-113 manufactured by ESPEC CORP. ) . 

[0014] 

The silica particle of the present disclosure has D90/D10 

of 3 or less. 	When the particle size distribution of the powder 

is measured, D10 and D90 correspond to the point where the 

cumulative weight from the small-particle-diameter side 

reaches 10% and 90% in the cumulative particle size distribution. 

The silica particle of the present disclosure has the sharp 

particle size distribution because the D90/D10 thereof is 3 or 

less. 	It is preferred that the particles have the sharp 

particle size distribution, because the control of the filling 

ratio becomes easier. 	The D90/D10 is preferably 2.9 or less. 

D10 and D90 are values obtained by measuring the particle size 

distribution. 	In the present disclosure, the particle size 

distribution is measured by using a laser diffraction particle 

size analyzer (Microtrac MT 3300 EX manufactured by NIKKISO CO., 

LTD. ) . 

[0015] 

The silica particle of the present disclosure has the true 

specific gravity of 2.1 g/cm3  or more. 	The true specific 

gravity becomes smaller with the increasing of cracks and fine 

pores at the surface and inside of the particle. 	The silica 

particle of the present disclosure has the true specific gravity 

larger than ordinary silica particles, so the number of fine 

pores therein is small and the amount of Si-OH groups contained 

at the surface is small. 	The Si-OH group is highly hydrophilic 

functional group; the hydrophilic property becomes less with 

the reduction of the amount of the Si-OH groups so that the 
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water-absorbing rate becomes less. 	The silica having the true 

specific gravity of 2.1 g/cm3  or more has a low number of fine 

pores and a high-density netlike constitution is formed therein, 

so the amount of Si-OH groups is little. 	Therefore, hydrophilic 

property becomes less to reduce the water-absorbing rate of the 

silica particle. 

[0016] 

The true specific gravity is preferably 2.10 g/cm3  or more, 

more preferably 2.15 g/cm3  or more. 	The upper limit of the true 

specific gravity is not particularly limited but is preferably 

2.20 g/cm3. 	When the true specific gravity is less than 2.1 

g/cm3, the water-absorbing rate may not be reduced sufficiently. 

The true specific gravity can be measured by using Beckmann air 

comparison pycnometer. 

[0017] 

The silica particle of the present disclosure has an 

average particle diameter of 10 pm or less. 	It is not preferred 

to use particle having the average particle diameter of more 

than 10 pm as a sealing material, because the thickness of a 

sealing material cannot be reduced so that the size downing and 

the weight saving of a semiconductor device become difficult. 

The average particle diameter is preferably 8 pm or less, more 

preferably 5 pm or less. 	The lower limit of the average particle 

diameter is not particularly limited but preferably 0.01 pm, 

and more preferably 0.03 pm. 	In the present disclosure, the 

average particle diameter of the silica particle can be measured 

by using a laser diffraction particle size analyzer. 

[0018] 

A particle shape of the silica particle of the present 

disclosure is not particularly limited but includes needle 

shape, bar-like shape, plate-like shape, spherical shape and 

the like. 	Preferably, the particle shape is nearly spherical 

shape. 	In addition, the particle shape can be observed by 

Scanning Electron Microscope (JSM-7000f manufactured by JEOL 

Ltd.). 

[0019] 
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The silica particle is preferably surface treated by 

using a silane coupling agent and/or a silane compound. 	By this 

surface treating, the compatibility with a resin can be 

increased, and the resin physicality and the molding 

processability when the particle is composed in a resin can be 

improved. 

[0020] 

The silane coupling agent and/or silane compound are not 

particularly limited but a compound expressed by the general 

formula (I) 	is preferably used; 

Xm-Si-(0R)4-m 	(I) 

(in the formula, X expresses an organic group having a reactive 

organic functional group, R expresses an alkyl group having 1 

to 5 carbon atoms, and m expresses integer of 0 to 3) 	The 

reactive organic functional group in the organic group includes, 

for example, vinyl group, epoxy group, amino group, mercapto 

group, chlorine atom, acryloyloxy group, methacryloyloxy group 

and so on. 	Therefore, the organic group X having such a reactive 

organic functional group includes, for example, vinyl group, 

2-(3,4-epoxycyclohexyl)ethyl group, y-glycidoxy propyl group, 

y-aminopropyl group, N-2-(aminoethyl)-3-aminopropyl group, 

N-phenyl-3-aminopropyl group, y-mercaptopropyl group, 

3-chloropropyl group, 3-methacryloxy propyl group and so on. 

The alkyl group R may include, for example, methyl group, ethyl 

group, propyl group, butyl group, pentyl group, methoxyethoxyl 

group, and so on. 

[00211 

Therefore, 	in the present disclosure, a preferred 

specific example includes, 	for example, tetraethoxysilane, 

vinyltriethoxysilane, vinyl tris(2-methoxyethoxy)silane, y-

methacryloxy propyl trimethoxysilane, y- aminopropyl 

trimethoxysilane, 	2-(3,4-epoxycyclohexyl)ethyl 

trimethoxysilane, y-glicydoxy propyl trimethoxysilane, 

y-mercapto propyl trimethoxysilane, 3-chloropropyl 

trimethoxysilane and so on. 

[0022] 
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A method for producing the silica particle is not 

particularly limited but includes, 	for example, a method 

comprising a step (1) of obtaining silica particles by a 

hydrolysis reaction of tetraethoxysilane and/or a derivative 

thereof, and a step (2) of calcinating the obtained silica 

particle in said step 	(1) 	at 900 to 1050°C. 	The method for 

producing is one aspect of the present disclosure. 

[0023] 

The method for producing a silica particle of the present 

disclosure comprises calcinating the silica particle obtained 

by a hydrolysis reaction with use of tetraethoxysilane and/or 

a derivative thereof at the calcinating temperature of 900 to 

1050°C. 	Though the reason is unknown, silica particles which 

have a sharper particle size distribution than the case when 

the other silane compound (for example, tetramethoxysilane and 

so on) is used as a material can be obtained when the 

tetraethoxysilane and/or a derivative thereof is used as a 

material. 

[0024] 

The tetraethoxysilane derivative is not particularly 

limited but includes, for example, a low condensate obtained 

by partial hydrolysis of tetraethoxysilane. 	Other silane 

compound may be used unless the compound has little effect on 

the particle size distribution. 

[0025] 

The hydrolysis may be done under the condition of a 

hydrolysis reaction used in the ordinary sol-gel method. 	That 

is, it can be obtained by hydrolysis and condensation of the 

tetraethoxysilane and/or derivative thereof as a material in 

an organic solvent containing water. 

[0026] 

The organic solvent is not particularly limited but 

includes, 	for example, alcohols such as methanol, ethanol, 

isopropanol, n-butanol, t-butanol, pentanol, ethylene glycol, 

propyrene glycol, and 1,4-butanediol, ketones such as acetone 

and methyl ethyl ketone, esters such as ethyl acetate, paraffins 
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such as isooctane, and cyclohexane, ethers such as dioxane, and 

diethyl ether, and aromatic compounds such as benzene, and 

toluene. 	The organic solvent may be used singly or two or more 

of them may be used in admixture. 	In the present disclosure, 

it is preferred to use alcohols, more preferred to use methanol, 

ethanol, and isopropanol. 

[0027] 

An amount of the organic solvent to be used is not 

particularly limited but preferably 0.1 to 50 mol per 1 mol of 

the used material. 	If less than 0.1 mol, the compatibility with 

the materials may be reduced. 	If more than 50 mol, it is not 

preferred because the production efficiency may be extremely 

decreased. 	The amount of water is not particularly limited but 

preferably 0.5 to 15 mol per 1 mol of the used materials. 	The 

amount of water to be used has an effect on the particle diameter 

of the fainted silica fine particles. 	With the increase in the 

amount of water relatively, the particle diameter of the silica 

fine particle may be lessened. 	With the decrease in the amount 

of water relatively, the particle diameter of the silica fine 

particles may be enlarged. 	Therefore, the particle diameter 

of the silica fine particles may be adjusted by controlling the 

ratio of water and the organic solvent. 

[0028] 
In addition, a catalyst such as ammonia, urea, 

ethanolamine, and tetramethylammonium hydroxide may be added 

in the organic solvent. 	When the catalyst is used, the amount 

is not particularly limited but preferably 0.05 to 10 mol per 

1 mol of the used materials. 

[0029] 
The step (1) is more preferably done in a solution of 

homogeneous solvent to obtain the high-density silica particle 

of the present disclosure. 	That is, a reaction in a mixed 

solution of a solvent which can be mixed in all proportions with 

water and can dissolve a silane compound being the material and 

water, is preferred. 	The reaction in the mixed solution of the 

solvent and water is preferred because it is easy to obtain the 
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high-density silica. 	The solvent which can dissolve the silane 

compound being the material may include alcohols such as ethanol, 

methanol, 	isopropanol, n-butanol, 	t-butanol, pentanol, 

ethyleneglycol, propyrene glycol, 	and 1,4-butanediol. 

[0030] 

The hydrolysis and condensation of the materials in an 

organic solvent containing water may be done by adding the 

materials in the organic solvent containing water and stirring 

at 0 to 100°C, preferably 0 to 70°C. 	In this way, a slurry 

containing spherical silica may be obtained by stirring the 

materials in the organic solvent containing water, hydrolysis 

and condensation. 

[0031] 

Usually, silica particle is calcinated at low temperature 

of about 200 to 700°C. This is due to the feature that the silanol 

groups existing at the silica surface are connected to form 

aggregates by calcinating at high temperature. 	The present 

disclosure can reduce the silanol group amount and fine pores 

to obtain silica particles having the low water-absorbing rate, 

by setting the calcinating temperature which is usually about 

200 to 700°C at the high temperature. 	The present disclosure 

found that the effect of the invention can be achieved 

efficiency by using the tetraethoxysilane and/or the derivative 

thereof as a material. 

[0032] 

The calcinating temperature is 900 to 1050°C. 	If less 

than 900°C, the water-absorbing rate cannot be reduced 

sufficiently. 	If more than 1050°C, it becomes hard to obtain 

silica particles having the sharp particle size distribution 

because the fusion between the particles occurs to form an 

aggregate. 	The calcinating temperature is more preferably 950 

to 1050°C. 	The calcinating is preferably done for 10 min. to 

10 hours. 	If the calcinating time is less than 10 min., it is 

not preferred because the calcinating may be insufficient. 

[0033] 

The silica particle obtained according to the 
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above-mentioned method has a sharp particle size distribution 

but the particles may be pulverized or classified using a sieve 

if sharper particle size distribution is required or in order 

to remove a few coarse particles contained therein. 	A method 

for pulverization is not particularly limited but includes, for 

example, a method using an atomizer and so on. 	The 

classification using a sieve includes wet classification and 

dry classification. 

[0034] 

The method for producing a silica particle of the present 

disclosure preferably comprises surface treating with use of 

a silane coupling agent and/or a silane compound. 	By doing the 

surface treatment, the water-absorbing rate can be reduced 

because the silanol group amount existing at the surface of the 

silica particle can be reduced. 	The silane coupling agent 

and/or the silane compound are not particularly limited but 

include the above-mentioned compounds. 

[0035] 

A method for the surface treatment is not particularly 

limited but ordinary known methods may be used. 	Among them, 

a spray drying is preferred. 	The silica particle of the present 

disclosure has low reactivity with a silane coupling agent 

because the silanol group amount existing at the surface thereof 

is reduced. 	However, the silane coupling agent can be applied 

suitably by surface treating through use of a spray drying and 

baking (drying step). 	In a method of the spray drying, a spray 

drier is used and a charge amount is controlled so that the exit 

temperature is set at 90 to 100°C. 

10036] 
The silica particle maybe used as an additive of a resin. 

A resin composition containing the silica particle and a resin 

is one aspect of the present disclosure. 	In this case, a resin 

to be used is not particularly limited but may be a 

thermoplastic resin or a thermosetting resin. 	There may be 

mentioned, 	for example, epoxy resins, phenol resins, 

polyphenylene sulfide resin (PPS), polyester resins, 
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polyamides, polyimides, polystyrenes, polyethylenes, 

polypropylenes, polyvinyl chloride, polyvinylidene chloride, 

fluorine resins, polymethylmethacrylate, ethylene/ethyl 

acetate copolymer resin (EEA), polycarbonate, polyurethanes, 

polyacetals, polyphenylene ethers, polyether imides, 

acrylonitrile butadiene styrene copolymer resin (ABS), liquid 

crystal resins (LCP), silicone resins, acrylic resins and so 

on. 	Two or more of the resins maybe used. 	Especially, a resin 

composition containing the silica particle and the epoxy resin 

may be used suitably as a sealing composition. 

[0037] 

The resin composition may be a composition containing the 

silica particle and a photo-curable resin. 	The photo-curable 

resin may include a compound containing two or more acrylate 

groups or methacrylate groups. 	As this compound, specifically, 

there may be mentioned EO-modified bisphenol A di (meth) acrylate, 

trimethylolpropane tri(meth)acrylate, pentaerythritol 

tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, 

dipentaerythritol hexa(meth)acrylate, dipentaerythritol 

tetra(meth)acrylate, tricyclodecanedimethanol (meth)acrylate, 

hexanediol di(meth)acrylate, dipentaerythritol 

hydroxypenta(meth)acrylate, pentaerythritol 

ethoxytetra(meth)acrylate, tris(acryloxy ethyl) isocyanurate, 

trimethylolpropane benzoate(meth)acrylate, neopentyl glycol 

di(meth)acrylate, polypropyleneglycol di(meth)acrylate, 

polyethylene glycol di(meth)acrylate, 	imido(meth)acrylate, 

amino(meth)acrylate, polyester(meth)acrylate, 

ester(meth)acrylate, urethane(meth)acrylate, 

epoxy(meth)acrylate, isocyanuric acid-modified 

tri(meth)acrylate, and so on. 	In the disclosure, 

(meth)acrylate means methacrylate and acrylate. 

[0038] 

An amount of the silica particle to be added in the resin 

composition is not particularly limited but may be controlled 

according to need. 	Specifically, the amount is preferably 10 

to 950 weight parts, more preferably 100 to 900 weight parts 
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relative to 100 weight parts of the resin , when the resin 

composition is used as a sealing resin composition. 

[0039] 

In the resin composition, two kinds of the silica 

particles having the different particle diameters may be used. 

More specifically, coarse particles having large particle 

diameter and fine silica particles having the particle diameter 

of 1/3 to 1/40 of the silica particles having large particle 

diameter may be used in combination. 	The mixing ratio between 

the coarse particles and fine particles is preferably the coarse 

particles 90 to 40%: the fine particles 10 to 60% in volume. 

More preferably, it is within the range of the coarse particles 

80 to 60%: the fine particles 20 to 40%. 	It is preferred to 

set the mixing ratio between the coarse particles and the fine 

particles within the above-mentioned range because the filling 

constitution becomes nearly closest filling to increase the 

filling ratio of particles. 

[0040] 

The resin composition of the present disclosure is 

superior in the humidity resistance, processability, 

dimensional stability, and so on, because the silica particles 

to be used as the filling material have the above-mentioned 

performances. 	The use of the resin composition is not 

particularly limited but includes, for example, a sealing resin 

composition for a semiconductor and an electronic component, 

an adhesive agent, a toner external additive and so on. 	When 

used in such the use, other additives than the silica particle 

and the resin may be added according to use. 

The silica particle of the present disclosure maybe used 

fora liquid sealing material, a liquid crystal sealing agent, 

a seal agent, a polyimide film, a sputtering target, a CMP slurry 

(abrading agent), a dental material, a food additive, and 

cosmetics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] 
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FIG. 1 shows a correlative relationship between the true 

specific gravity and the water-absorbing rate of the silica 

particle. 

FIG. 2 shows a result of the dynamic viscoelasticity of 

the silica particles obtained in Examples 25, 	26, and 27. 

EXAMPLE 

[0042] 

Hereinafter, the present disclosure will be described in 

more detail by way of examples, but the present disclosure is 

not limited to these examples. 	In examples, 	"%" means 

"weight %", 	unless otherwise specified. 

[0043] 

In the following, the particle size distribution of the 

obtained silica particles were measured by using a laser 

diffraction particle size analyzer (Microtrac MT 3300 EX 

manufactured by NIKKISO CO., LTD.). 	The particles were 

observed by using Scanning Electron Microscope (JSM-7000f 

manufactured by JEOL, Ltd.) . 	The average particle diameter was 

measured by using a laser diffraction particle size analyzer 

(Microtrac MT 3300 EX manufactured by NIKKISO CO., LTD.). 	The 

true specific gravity was measured by using Beckmann air 

comparison pycnometer 930 type. 

[0044) 

(Example 1) 

A 2L-reaction vessel equipped with an agitator was set 

in a constant-temperature bath, ethanol 205 g, water 246 g, and 

25 wt% ammonia water 232 g were put into the vessel . 	The mixture 

was mixed by using the agitator with heating to 50°C. 	Next, 

with stirring the mixture, tetraethoxysilane 267 g was added 

continuously for 200 min. 	After adding, the solution was 

filtered to obtain silica particles. 	Then, the particles were 

dried at 130°C one night, and calcinated at 1000°C. 	The 

calcinating condition was that the temperature was raised to 

1000°C for 10 hours, kept for 5 hours, and then lowered. 	The 

obtained silica particle was spherical, the average particle 
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diameter was 0.05 pm, 	and the 090/D10 value was 1.7. 

[0045] 

(Example 2) 

A 2L-reaction vessel equipped with an agitator was set 

in a constant-temperature bath, ethanol 102 g, water 184 g, and 

25 wt% ammonia water 204 g were put into the vessel . 	The mixture 

was mixed by using the agitator with heating to 33°C. 	Next, 

with stirring the mixture, tetraethoxysilane 421 g was added 

continuously for 45 min. 	After adding, the solution was 

filtered to obtain silica particles. 	Then, the particles were 

dried at 130°C one night, and calcinated at 1000°C. 	The 

calcinating condition was that the temperature was raised to 

1000°C for 10 hours, kept for 5 hours, and then lowered. 	The 

obtained silica particle was spherical, the average particle 

diameter was 0.1 pm, 	and the D90/D10 value was 1.9. 

[0046] 

(Example 3) 

A 2L-reaction vessel equipped with an agitator was set 

in a constant-temperature bath, ethanol 85.5 g, water 184 g, 

and 25 wt%,--  ammonia water 204 g were put into the vessel. 	The 

mixture was mixed by using the agitator with heating to 25°C. 

Next, with stirring the mixture, tetraethoxysilane 421 g was 

added continuously for 45 min. 	After adding, the solution was 

filtered to obtain silica particles. 	Then, the particles were 

dried at 130°C one night, and calcinated at 1000°C. 	The 

calcinating condition was that the temperature was raised to 

1000°C for 10 hours, kept for 5 hours, and then lowered. 	The 

obtained silica particle was spherical, the average particle 

diameter was 0.4 pm, 	and the D90/D10 value was 1.8. 

[0047] 

(Example 4) 

A 2L-reaction vessel equipped with an agitator was set 

in a constant-temperature bath, ethanol 171 g, water 184 g, and 

25 wt% ammonia water 204 g were put into the vessel . 	The mixture 

was mixed by using the agitator with heating to 25°C. 	Next, 

with stirring the mixture, tetraethoxysilane 421 g was added 
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continuously for 45 min. 	After adding, the solution was 

filtered to obtain silica particles. 	Then, the particles were 

dried at 130°C one night, and calcinated at 1000°C. 	The 

calcinating condition was that the temperature was raised to 

1000°C for 10 hours, kept for 5 hours, and then lowered. 	The 

obtained silica particle was spherical, the average particle 

diameter was 0.7 pm, 	and the D90/D10 value was 1.7. 

[0048] 

(Example 5) 

A 2L-reaction vessel equipped with an agitator was set 

in a constant-temperature bath, ethanol 342 g, water 184 g, and 

25 wt% ammonia water 204 g were put into the vessel. 	The mixture 

was mixed by using the agitator with heating to 25°C. 	Next, 

with stirring the mixture, tetraethoxysilane 421 g was added 

continuously for 45 min. 	After adding, the solution was 

filtered to obtain silica particles. 	Then, the particles were 

dried at 130°C one night, and calcinated at 1000°C. 	The 

calcinating condition was that the temperature was raised to 

1000°C for 10 hours, kept for 5 hours, and then lowered. 	The 

obtained silica particle was spherical, the average particle 

diameter was 1.5 pm, 	and the D90/D10 value was 1.7. 

[0049] 

(Examples 6 to 10) 

The silica particles were obtained by following the same 

procedure as that of Examples 1 to 5 except that the calcinating 

temperature was changed to 900°C. 	The obtained silica 

particles were spherical and the average particle diameters 

thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 pm, respectively. 	The 

D90/D10 values thereof were 1.7, 	1.9, 	1.8, 	1.7, 	and 1.7, 

respectively. 

[0050] 

(Examples 11 to 15) 

The silica particles were obtained by following the same 

procedure as that of Examples 1 to 5 except that the calcinating 

temperature was changed to 950°C. 	The obtained silica 

particles were spherical and the average particle diameters 
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thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 pm, respectively. 	The 

D90/D10 values thereof were 1.7, 	1.9, 	1.8, 	1.7, 	and 1.7, 

respectively. 

[0051] 

(Examples 16 to 20) 

The silica particles were obtained by following the same 

procedure as that of Examples 1 to 5 except that the calcinating 

temperature was changed to 1050°C. 	The obtained silica 

particles were spherical and the average particle diameters 

thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 pm, respectively. 	The 

D90/D10 values thereof were 1.7, 	1.9, 	1.8, 	1.7, 	and 1.7, 

respectively. 

[0052] 

(Comparative Examples 1 to 5) 

The silica particles were obtained by following the same 

procedure as that of Examples 1 to 5 except that the calcinating 

temperature was changed to 700°C. 	The obtained silica 

particles were spherical and the average particle diameters 

thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 pm, respectively. 	The 

D90/D10 values thereof were 1.7, 	1.9, 	1.8, 	1.7, 	and 1.7, 

respectively. 

[0053] 

(Comparative Examples 6 to 10) 

The silica particles were obtained by following the same 

procedure as that of Examples 1 to 5 except that the calcinating 

temperature was changed to 750°C. 	The obtained silica 

particles were spherical and the average particle diameters 

thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 pm, respectively. 	The 

D90/D10 values thereof were 1.7, 	1.9, 	1.8, 	1.7, 	and 1.7, 

respectively. 

[0054] 

(Comparative Examples 11 to 15) 

The silica particles were obtained by following the same 

procedure as that of Examples 1 to 5 except that the calcinating 

temperature was changed to 800°C. 	The obtained silica 

particles were spherical and the average particle diameters 
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thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 um, respectively. 	The 

D90/D10 values thereof were 1.7, 	1.9, 	1.8, 	1.7, 	and 1.7, 

respectively. 

[0055] 

(Comparative Examples 16 to 20) 

The silica particles were obtained by following the same 

procedure as that of Examples 1 to 5 except that the calcinating 

temperature was changed to 850°C. 	The obtained silica 

particles were spherical and the average particle diameters 

thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 lam, respectively. 	The 

D90/D10 values thereof were 1.7, 	1.9, 	1.8, 	1.7, 	and 1.7, 

respectively. 

[0056] 

(Water-absorbing rate 1) 

The water-absorbing rate was measured after the obtained 

silica particles 10 g was put in a 300 mL-beaker and kept in 

a thermo-hygrostat (LH-113 manufactured by ESPEC corp. ) at 50°C 

temperature and 90% humidity for 500 hours. 

(0057] 

(Water-absorbing rate 2) 

The water-absorbing rate was measured by following the 

same procedure as that of the water-absorbing rate 1 except that 

the condition was changed to 85°C temperature and 85% humidity. 

(00581 

The specific gravity of the silica particles obtained by 

calcinating at the several calcinating temperature was measured 

by using Beckmann air comparison pycnometer 930 type. 	The true 

specific gravity of the obtained silica particles were shown 

in Table 1. 	The water-absorbing rate of the each particle at 

50°C temperature and 90% humidity was shown in table 2. 	The 

water-absorbing rate of the each particle at 85°C temperature 

and 85% humidity was shown in table 3 . 	The relationship between 

the true specific gravity and the water-absorbing rate of the 

particle having the average particle diameter of 0.4 	.im was 

shown in Fig. 1. 	According to tables 2 and 3, it was founded 

that the silica particles of the present disclosure had low 
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water-absorbing rate. 

[0059) 

[Table 1) 

True specific gravity (g/cm3) 
Particle 

diameter 0.05 a 
Particle 

diameter 0.1 a 
Particle 

diameter 0.4 a 
Particle 

diameter 0.7 a 
Particle 

diameter 1.5 a 
700°C 2.16 2.14 1.92 1.96 1.95,  
750°C 2.20 2.18 2.05 2.05 2.03 
800°C 2.21 2.20 2.07 2.06 2.05 
850°C 227 2.22 2.08 2.08 2.08 
900°C 2.28 2.25 2.10 2.11 2.11 
950°C 2.30 2.28 2.19 2.12 2.11 

1000°C 2.32 2.31 222 2.13 2.12 
1050°C 2.32 2.32 223 2.15 2.14 

[0060] 

[Table 2] 

Water-absorbing rate (%) 
Calcinating 

temperature (°C) 700 800 900 950 1000 1050 

0.05 u m 4.5 3.2 0.5 0.1 0 0 
0.1 gm 5.5 4.5 0.8 0.4 0 0 
0.4 urn 5.5 4.7 0.9 0.3 0 0 
0.7 u m 5.0 4.4 0.9 0.1 0 0 
1.5 u m 4.9 4.3 0.9 0.1 0 0 

[0061] 

(Table 3) 

Water-absorbing rate (%) 
Calcinating 

temperature 
(°C) 

700 800 900 950 1000 1050 

0.05 ji m 1.3 0.8 0.1 0 0 0 
0.1 u m 2.0 1.5 0.9 0.5 0 0 
0.4 u m 2.2 1.4 0.9 0.5 0 0 
0.7 um 2.1 1.4 0.9 0.5 0 0 
1.5 u m 2.1 1.5 0.9 0.5 0 0 

[0062) 

From the results, it was shown that there is a correlation 



20 

between the true specific gravity and the water-absorbing rate. 

Concerning the silica particle having the average particle 

diameter of 0.4 Lim, the silica particle having the true specific 

gravity of 2.1 g/cm3  or more had the water-absorbing rate less 

than 1.0%, so the silica particle which is superior in the 

humidity resistance could be achieved. 

[0063] 

(Example 21) 

Silica powder of Example 2 was re-pulped at 400 g/L, and 

wet pulverized by using a sand mill. 	After then, a coupling 

agent KBM-403 (manufactured by Shin-Etsu Chemical Co., Ltd.) 

which is hydrolyzed at room temperature in advance was added 

to the slurry, and stirred at 60°C for two hours. 	This slurry 

was spray-dried by using L-12 type spray drier (manufactured 

by Ohkawara Kakohki Co., LTD.). 	This time, the charge amount 

was controlled so that the exit temperature was 90 to 100°C. 

The obtained silica powder was dried at 130°C in a drying machine 

to bind KBM-403 to the silica particle. 

[0064] 

(Example 22) 

Silica powder of Example 4 was re-pulped at 400 g/L, and 

wet pulverized by using a sand mill. 	After then, a coupling 

agent KBM-403 (manufactured by Shin-Etsu Chemical Co., Ltd.) 

which is hydrolyzed at room temperature in advance was added 

to the slurry, and stirred at 60°C for two hours. 	This slurry 

was spray-dried by using L-12 type spray drier (manufactured 

by Ohkawara Kakohki Co., LTD.). 	This time, the charge amount 

was controlled so that the exit temperature was 90 to 100°C. 

The obtained silica powder was dried at 130°C in a drying machine 

to bind KBM-403 to the silica particle. 

[0065] 

(Example 23) 

The silica particle was surface treated by following the 

same procedure as that of Example 21 except that the silane 

coupling agent was changed to hexamethyldisilazane being 

alkoxysilane (HMDS) 	(manufactured by Shin-Etsu Chemical Co., 
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Ltd. ) . 

[0066] 

(Example 24) 

The silica particle was surface treated by following the 

same procedure as that of Example 22 except that the silane 

coupling agent was changed to hexamethyldisilazane being 

alkoxysilane (HMDS) 	(manufactured by Shin-Etsu Chemical Co., 

Ltd. ) . 

[0067] 

(Effect example of surface treatment) 

(Example 25) 

Silica particle of example 2 having the particle diameter 

of 0.1 pm and silica particle of example 4 having the particle 

diameter of 0.7 pm were mixed in the ratio of 3:7 (weight ratio) , 

and a resin composition was prepared by mixing this mixture 232 

weight parts relative to EEA resin 100 weight parts. 	The resin 

composition obtained by this way was molded to a test piece of 

2 square mm. 

[0068] 

(Example 26) 

Silica particle of example 21 having the particle 

diameter of 0.1 pm and silica particle of example 22 having the 

particle diameter of 0.7 pm were mixed in the ratio of 3:7 (weight 

ratio) , and a resin composition was prepared by mixing this 

mixture 232 weight parts relative to EEA resin 100 weight parts. 

The resin composition obtained by this way was molded to a test 

piece of 2 square mm. 

[0069] 

(Example 27) 

Silica particle of example 23 having the particle 

diameter of 0.1 pm and silica particle of example 24 having the 

particle diameter of 0.7 pm were mixed in the ratio of 3:7 (weight 

ratio) , and a resin composition was prepared by mixing this 

mixture 232 weight parts relative to EEA resin 100 weight parts. 

The resin composition obtained by this way was molded to a test 

piece of 2 square mm. 
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[0070) 

(Effect of surface treatment) 

The dynamic viscoelasticity of the test pieces of 

Examples 25 to 27 were measured (measuring condition was 190°C, 

a capillary to be used has the capillary diameter of 2.0 mm) 

by using a capillary rheometer (type 1D, manufactured by Toyo 

Seiki Seisaku-Sho, Ltd.). 	The method for measuring it was 

according to JIS K 7199. 

The result was shown in Fig. 2. 	The viscosity could be reduced 

by surface treating with use of a silane coupling agent and a 

silane compound to improve the molding processability. 

INDUSTRIAL APPLICABILITY 

[0071) 

The present disclosure can obtain silica particle having 

the sharp particle size distribution and lower water-absorbing 

rate than ordinary particles. 	Such the silica particle can be 

used suitably for the fields such as a sealing resin composition 

of electronic components, an adhesive agent, and a toner 

external additive. 

The silica particle of the present disclosure can be used 

fora liquid sealing material, a liquid crystal sealing agent, 

a seal agent, a polyimide film, a sputtering target, a CMP slurry 

(abrading agent), a dental material, a food additive, and 

cosmetics. 
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CLAIMS 

1.  Silica particle having a water-absorbing rate of less than 1.0 

% measured 500 hours after being kept at a temperature of 50°C, 

and at a humidity of 90 %, and at a temperature of 85t and at 
a humidity of 	85 	%, 	D90/D10 	of 	3 	or 	less, 	a true 	specific 
gravity of 2.1 g/cm3  or more, and an average particle diameter 
of 10 pm or less. 

2.  The silica particle according to 	claim 	1, 	which 	is 	surface 
treated by 	using 	a 	silane 	coupling 	agent 	and/or 	a 	silane 
compound. 

3.  A method for producing the silica particle according to claim 
1, 	comprising a step 	(1) 	of obtaining silica particles by a 
hydrolysis 	reaction 	of 	tetraethoxysilane 	in 	a 	solution 
containing ammonia, 	and water in an amount of 0.5 to 15 mol 
per 1 mole of the used materials, and/or a derivative thereof, 
and a step (2) of calcinating the obtained silica particles in 

said step (1) at 900 to 1050:. 

4.  The method 	for producing 	the 	silica 	particle 	according 	to 
claim 3, 	wherein the calcinating proceeds at the calcinating 

temperature of 950 to 1050t. 

5.  The 	method 	for 	producing 	the 	silica 	particle 	according 	to 
claim 3 or 4, comprising surface treating with use of a silane 
coupling agent and/or a silane compound. 

6.  The 	method 	for 	producing 	the 	silica 	particle 	according 	to 
claim 5, wherein the surface treating proceeds by means of a 
spray drying. 

7.  A resin composition containing the silica particle according 
to claim 1 or 2 and a resin. 


