
EP 0 296 401 B1 Description FIELD OF THE INVENTION AND RELATED ART
STATEMENT 5     This invention relates to a process for manufacturing fine
silica particles. Particularly, it relates to a process for manufacturing
fine silica particles containing substantially no coarse particle and
having a controlled particle size distribution which comprises grinding
hollow silica fibers having a wall thickness smaller than the particle size
of coarse particles to be removed. The silica particles obtained by the
process of this invention can be suitably used as a filler, particularly to
as a filler for resin compositions for encapsulating electronic parts.
DESCRIPTION OF RELATED ART As fillers for resin compositions for
encapsulating electronic parts, various inorganic substances such as 15.
silica are used. It is considered to be advantageous to incorporate the
inorganic fillers as much as the moldability permits from the viewpoint of
physical properties such as expansion coefficient, thermal conductivity,
moisture resistance, and mechanical properties and cost, and silica is
considered to be most preferable among the various inorganic substances
because it Is well balanced among the above-mentioned 1 characteristics and
entails only a small cost. EP-A-0 206 353 discloses high purity silica
which is used as a filler for resin compositions for encapsulating
electronic parts. The high purity silica has a very low content of
impurities. An aqueous alkali silicate solution is used as a starting
material which is made into a fine fibrous gel in a coagulant. The obtained
fibrous gel is treated with an acid-containing solution and then with water
to extract and remove impurities therefrom. Silica particles having a
particle size In the range of 1 to 100 am can be obtained. 25     In recent
years, with a reduction of the size of elements of electronic parts and an
enhancement of the degree of integration of the elements, the size of the
elements is extremely reduced, and silica particles having as small a
particle size as possible are desired because silica particles as filler
for resin compositions for encapsulation, in particular, silica particles
having a large particle size tend to injure a fine pattern or a wire in the
elements. On the other hand, employment of silica particles having a small
average 3o particle size as a filler for resin compositions for
encapsulation is disadvantageous In that it is difficult to obtain a good
molded product because the employment lowers the fluidity at the time of
molding. For these reasons, there are desired silica particles having a
small maximum particle size and as large an average particle size as
possible. For example, In Jap. Pat. Appin. Kokai (Laid-Open) No. 59-22955,
a resin composition for encapsulating semiconductors is proposed which is
obtained by use of silica particles 35 having a maximum particle size of 80
um and an average particle size of 25 to 35 Um. However, no concrete method
for preparing silica particles having such a particle size distribution Is
disclosed therein. For obtaining silica particles having a particle size
distribution suitable for each purpose, for example, for use as a filler,
there is usually employed a method comprising grinding starting silica by
means of a suitable grinding apparatus while controlling the conditions
variously, and if necessary, a classification 40 procedure combined
therewith. Coarse particles are refined usually by intensifying the
grinding conditions. In the case of such a method, when the particle size
before grinding is large, the particle size distribution of particles
obtained by grinding tends to become wide and these particles have too
small an average particle size, like convention- ally obtained silica. 46
On the other hand, for removing coarse particles, there is a method in
which particles having a particle size larger than a predetermined length
are removed by a classification procedure, but this method is
disadvantageous in that complete removal of the particles having a particle
size larger than the predeter- 



mined particle size is difficult and that the method entails great cost.
Recently, there has been a growing demand for silica particles having a
maximum particle size smaller 50 than 80 um as a filler for resin
compositions for encapsulation. SUMMARY OF THE INVENTION An object of this
invention is to provide a process for manufacturing silica particles having
a small 55 maximum particle size and a relatively large average particle
size efficiently and economically without classification treatment, in
order to satisfy the -above-mentioned demand. 2    EP O 296 401 B1 DETAILED
DESCRIPTION OF PREFERRED EMBODIMENT The gist of this invention consists in
a process for manufacturing fine silica particles having an average
particle size of 7 to 20 um and containing 0.5% by weight or less of coarse
particles having a particle size 5  of more. than 74. um by performing a
grinding step by the use of hollow silica fibers having a wall thickness
smaller than 74 am as the starting material. The term "particle size" in
the present specification means the diameter of particle In the case of
spherical particles, or the major axis of particle In the case of
non-spherical particles. The employment, as a starting material for
grinding, of hollow fibrous silica having a hollow structure in to  which a
hollow is enclosed with a thin wall, is advantageous in that the maximum
particle size of the resulting ground product easily becomes smaller than
the wall thickness of the starting material used and the distance between
cracks present in the wall surface of hollow, so that grinding of the
material requires only low energy. Therefore, according to the process of
this invention, mild grinding conditions can be employed, and 15  moreover
fine silica particles having a small maximum particle size, a relatively
large average particle size, and a narrow particle size distribution can be
obtained without a classification procedure. As to the particle size of the
fine silica particles obtained by the process of this invention, their
average particle size is 7 to 20 um (for example, 10 um), and the content
of coarse particles (hereinafter referred to as "grits") having a particle
size larger than a certain defined length (for example 44 1am) can be
adjusted 20  to 0.5% by weight or less, if necessary, 0.3% by weight or
less; further 0.1% by weight or less. Said length is more than 74 um and
the step of grinding is carried out to obtain an average particle size of
the fine silica particles in a range of 15 to 20 am. According to another
embodiment said length is more than 44 um and the step of grinding is
carried out, so that the average particle size of the fine silica particles
is in the range of 10 to 12 am. 25     The hollow fibrous silica used as a
starting material for grinding in this invention can be obtained by the
process disclosed In USP No. 4,883,128 which the present inventors et al
have previously proposed. One embodiment of this process is as follows. An
aqueous solution of an alkali silicate shown by the general formula
(err)wherein M is an alkali metal element and n is a number of moles of
(err) of 0.5 to 5, and having a viscosity in the range of 2 3o  to 500
poise is extruded into a coagulating bath comprising a water-soluble
organic medium or an acid solution having a concentration of 4N or less
through a nozzle having a bore diameter of 0.2 mm or less to be coagulated
In fibrous form, and the fibrous gel thus obtained Is treated with an
acid-containing solution and then washed with water to extract and remove
impurities. In the manner described above or by heat- 



treating the thus obtained silica at a temperature of 1,000  C or higher,
the hollow fibrous silica used as a 35  starting material for grinding in
this invention can be obtained. By the above-mentioned method, high purity
silica can be obtained which has a wall thickness smaller than the diameter
of particles previously defined as grits, a hollow structure In which a
hollow is enclosed with a wall having numerous cracks in both inner and
outer surfaces, very low contents of impurities, e.g., alkali metal
elements, chlorine, radioactive substances such as uranium, Al, Fe, Ti,
etc. (1 ppm or less for 40  each impurity), and low hygroscopicity. As the
starting aqueous alkali silicate solution for obtaining the hollow fibrous
silica used in the process of this invention, there can be used aqueous
solutions of sodium silicate, potassium silicate, lithium silicate or the
like. The viscosity of the starting aqueous alkali silicate solution is
suitably in the range of 2 to 500 poise, 45 preferably in the range of 2 to
200 poise. When the viscosity is less than 2 poise, fiberization of the
starting solution is difficult, while when it exceeds 500 poise, the
stability at the time of fiberization procedure Is lowered. Therefore, both
of such viscosities are not desirable. The bore diameter of the nozzle used
is preferably in the range of 0.03 to 0.2 mm. When a nozzle having a bore
diameter of more than 0.3 mm is used, the wall thickness of the resulting
hollow fibrous silica 60  exceeds 120 am. Therefore, It is not desirable.
As the nozzle, a conventional nozzle having circular bores is used. A
nozzle having modified cross-section bores and a nozzle for spinning hollow
fiber can also be used, but according to the process described above,
hollow fibrous silica can be obtained without using a nozzle for spinning
hollow fiber. 66     For preventing a trouble of adhesion of the alkali
silicate gelatinized in the coagulating bath to the nozzle surface, the
nozzle used is preferably a nozzle made of a noble metal alloy such as
gold-platinum alloy, or a tetrafluoroethylene resin, or a nozzle coated on
the nozzle surface with a noble metal or a tetrafluoroethylene resin. 3
EP 0 298 41 B1 The water-soluble organic medium as a coagulant used in the
coagulating bath denotes, for example, alcohols such as methanol, ethanol,
n-propanol and the like; esters such as methyl acetate, ethyl acetate and
the like; ketones such as acetone, methyl ethyl ketone and the like; amides
such as dimethylacetamide, dimethyltonnamide and the like; and dimethyl
sulfoxide. 5      The acid as a coagulant used in the coagulating bath
denotes inorganic acids such as sulfuric acid, nitric acid, hydrochloric
acid and the like, and it is preferable to use sulfuric acid or nitric
acid. As the acid solution, aqueous solutions of these acids are preferable
for practical use. The acid concentration of the acid solution as a
coagulant used in the coagulating bath Is suitably in the range of 0.1 to
4N, preferably 0.5 to 3N, more preferably 1 to 2N. 10     When an acid
solution having an acid concentration of more than 4N is used as the
coagulant, the structure of the resulting silica is too dense, so that it
becomes difficult to extract and remove impurities contained in the inner
part. When the acid concentration of an acid solution used as the coagulant
is less than O.1N, the coagulation rate of the alkali silicate is too slow,
so that pieces of the resulting fibrous gel tend to adhere to one another.
Therefore, such a concentration is not practical. 



16     The temperature of the coagulating bath is kept suitably in the
range of 25 C or higher, preferably in the range of 40* to 80 C. When the
temperature of the coagulating bath is lower than 25 C, the coagulation
rate of the alkali silicate Is too slow, so that it becomes difficult to
obtain silica having a hollow structure. The hollow fibrous silica having a
wall thickness smaller than the diameter of particles previously 20
defined as grits which is obtained by the process described above, is
ground by means of a suitable grinding apparatus until the particles
defined as grits disappear substantially. The grinding apparatus denotes,
for example, cylinder mills such as ball mill, rod mill and the like;
roller mills such as edge runner, ball roller mill and the like; disc mills
such as rotary crusher, attrition mill, colloid mill and the like; and
impact mills such as hammer crusher, micron mill and the like. Usually, a
ball mill is 25 used. The grinding conditions are varied depending on the
kind of the grinding apparatus used, the charging amount of the starting
silica, etc. and cannot be unequivocally determined, and hence the best
grinding conditions are determined depending on combination of them. The
starting silica used in the process of this invention has a hollow
structure In which a hollow Is 30  enclosed with a thin wall, and it has
numerous cracks in the outer and Inner surfaces of the wall of hollow.
Therefore, its content of particles previously defined as grits can easily
be adjusted to 0.5% by weight or less, If necessary 0.3% by weight or less,
further 0.1% by weight or less, by a low power and a grinding treatment for
a short period of time. When a ball mill is used as the grinding apparatus,
the time required for grinding in the case of using 35 as starting silica
the hollow fibrous silica used in the process of this invention can be
reduced to about one half of that in the case of using silica other than
the hollow fibrous silica, and according to the process of this invention,
the productivity in grinding step can be greatly improved. Moreover, silica
particles having a relatively large average particle size can be obtained,
and when they are used, the molding characteristics of resin at the time of
encapsulating electronic parts can be improved. 40     According to the
process of this invention, there can easily be obtained, without
classification treatment, fine silica particles having an average particle
size of 7 um or more and a particle size distribution controlled so that
the content of coarse particles having a particle size larger than a
certain defined length is 0.5% by weight or less, if necessary 0.1% by
weight or less. Furthermore, according to the process of this invention,
there is no chance of contamination of a 45 product due to a classification
procedure, and hence there can easily be obtained silica particles which
have a higher purity than do those obtained by grinding conventional
granular, massive silica obtained by using an aqueous alkali silicate
solution as a starting material as In the present invention, a very low
content of impurities, for example, alkali metal elements, chlorine,
radioactive substances such as uranium, Al, Fe, Ti, etc., a low
hygroscopicity, a high denseness, and a controlled particle size
distribution. 50     The silica particles obtained by the process of this
invention can be suitably used as a material for transparent vitreous
silica, special ceramics and the like, and particularly as a filler for
resin compositions for encapsulating electric parts. Furthermore, the
process of this invention is advantageous also In that It can reduce the
manufacturing cost as compared with conventional processes. 55 4   



EP 0 296 401 B1 EXAMPLES The process of this invention is explained below
with reference to Examples and Comparative Examples, in which all percents
are by weight. 6 Example 1 Under reduced pressure, 20 Kg of aqueous sodium
silicate solution #3 (corresponding to JIS K1408 Sodium Silicate No. 3:
hereinafter the same applied) (err) was heated at 70 50 C to be dehydrated
and concentrated, whereby a starting solution for fiberization containing
30% (err) was obtained. The starting solution had a viscosity of about 4
poise at 30 * C. The starting solution was filtered, after which the
filtrate was extruded into a coagulating bath (an 8% aqueous sulfuric acid
solution) maintained at 50 C, at a speed of 60 m/min by means of an
extruder through a nozzle made of gold-platinum alloy having a bore
diameter of 0.1 mm# and a number of bores of 15 600. The starting solution
extruded was coagulated therein by (err) elimination to be converted into a
transparent fibrous gel. In 30 liters of a treating solution (a 10% aqueous
sulfuric acid solution) was immersed 10 Kg of the fibrous gel obtained
(liquid content: 200%), and treated with stirring at 100 * C for 1 hour. 20
Subsequently, washing with 30 liters of deionized water and filtration of
the silica in the form of short fibers thus obtained were repeated five
times, followed by deacidification and dehydration by means of a Buchner
funnel, drying overnight at 150' C, and then heat treatment at 1.200* C for
1 hour. From observation by use of a scanning electron microscope, it was
confirmed that the silica in the form of short fibers thus obtained had a
hollow structure in which a hollow was enclosed with a wall having 25
numerous cracks in both outer and inner surfaces, and that the thickness of
wall of the hollow was 40 to 60 Am; The impurity contents of this silica
were as follows: Na 0.8 ppm, K < 0.1 ppm, Cl < 1 ppm, U < 1 ppb, Th < 1
ppb. Into a ball mill (capacity 7 liters; packed with 10 Kg of 30 mm
alumina ball) was charged 2 Kg of this 30  silica in the form of short
fibers, and subjected to grinding treatment at 60 r.p.m. for 2.5 hours. The
ground product obtained had an average particle size of 19 um, and its
content of particles with a particle size of more than 74 am defined as
grits was 0.1% by weight or less. The content of grits with a particle size
of more than 74 um was calculated from the amount of particles retained on
a standard sieve Tyler No. 200. 36 Example 2 and Comparative Examples 1, 2
and 3 The starting solution prepared in Example 1 was treated according to
the procedure of Example 1, except that it was extruded through each of a
nozzle made of gold-platinum alloy having a bore diameter of 40 0.087 mm0
and a number of bores of 600, and those having a bore diameter of 0.3 or
0.5 mm0 and a number of bores of 100 for comparison, whereby fibrous silica
having a hollow structure was obtained for each nozzle. Each fibrous silica
obtained was subjected to grinding treatment according to Example 1 for
various treatment times. 45     The wall thickness of hollow of the
starting silicas for grinding, the grinding treatment time, and the 



particle size of the ground products obtained are tabulated in Table 1.
When hollow fibrous silica having a wall thickness of 74 um or less was
used as a starting material for grinding, silica particles having an
average particle size of 15 um or more and a content of grits with a
particle size of more than 74 um of 0.1% by weight or less could be
obtained by grinding treatment for a 50  short period of time (Examples 1
and 2). On the other hand, when silica which was hollow and fibrous but had
a wall thickness of more than 74 um was used as a starting material for
grinding, the resulting silica particles had a high content of grits having
a particle size of more than 74 um even when grinding treatment was carried
out for a longer period of time as compared with the grinding treatment in
Examples (Comparative Examples 1 and 2). 55    In Comparative Example 1 or
2, the contents of the grits could be reduced by further prolonging the
grinding treatment time or by intensifying other treatment conditions, but
in this case, the average particle size was decreased to less than 7 um,
and therefore such a method is inadequate to the object of this invention
(Comparative Example 3). 5    EP 0 296 401 B1 (err) (err) (err) (err) (err)
(err) (err) (err) (err) 25 (err) (err) (err) (err) 35 0 0 50 Examples 3 and
4 and Comparative Examples 4 and 5 55     The starting solution prepared in
Example 1 was treated according to the procedure of Example 1. except that
it was extruded through each of nozzles made of gold-platinum alloy having
a bore diameter of 0.05 or 0.038: mm0 and a number of bores of %600 and
that having a bore diameter of 0.3 mm0 and. a number of bores of 100 for
comparison, whereby fibrous silica having a hollow structure was obtained
for 6    



EP 0 296 401 B1 each nozzle. Each fibrous silica obtained was subjected to
grinding treatment according to Example 1 for various treatment times. The
wall thickness of hollow of the starting silicas for grinding, the grinding
treatment time, and the 5  particle size of the ground products obtained
are tabulated in Table 2. In the present examples and comparative examples,
particles having a particle size of more than 44 um were defined as grits,
and the grit content was calculated from the amount of particles retained
on a standard sieve Tyler No. 325. When hollow fibrous silica having a wall
thickness 44 um or less was used as a starting material for 10  grinding,
silica particles having an average particle size of 7 am or more and a
content of grits with a particle size of more than 44 um of 0.1% by weight
or less could be obtained by grinding treatment for a short period of time
(Examples 3 and 4). On the other hand, when silica which was hollow and
fibrous but had a wall thickness of more than 44 um was used as a starting
material for grinding, the resulting silica particles had a high content of
grits 15 having a particle size of more than 44 um even when grinding
treatment was carried out for a longer period of time as compared with the
grinding treatment in Examples 3 and 4-(Comparative Examples 4 and 5). The
content of the grits could be reduced by further prolonging the grinding
treatment time but in this case, the average particle size became less than
7 am (Comparative Example 5). Thus, in none of Comparative Examples 4 and
5, silica particles having a particle size aimed at by the present
invention could be 20  obtained. 25 30 so 35 40 46 50 55 7    EP 0 296 401
B1 . 15 0 (err) 25 (err)                               (err) 30
(err) (err) 45  (err) 40                         (err) 



(err) 1. A process for preparing fine silica particles having an average
particle size of 7-20 um and containing 0.5 % by weight or less of coarse
particles having a particle size of more than 74 um by performing a
(err) C   L M S EP 0 296 401 B1 (err) 5                         (err) (err)
(err) (err) (err) (err) (err) (err) (err) 35 (err) (err) (err) (err) 40
(err) 40            (err) Claims (err) (err)    (err) EP 0 296 401 B1
* C    L  M S * grinding step by the use of hollow silica fibres having a
wall thickness smaller than 74 um as the starting material. 2. A process
according to claim 1, wherein said length is 74 um or more and said step of
grinding is 5      carried out, so that the average particle size of the
fine silica particles is in a range of 15 to 20 um. 3 A process according
to claim 1, wherein said length is more than 44 um and said step of
grinding is carried out, so that said average particle size of the fine
silica particles is in the range of 10 to 12 um. 10  4. A process according
to any one of the claims 1 to 3, wherein the hollow silica fibers are
obtained by the following method (1) or (2): (1) a method which comprises
extruding an aqueous solution of an alkali silicate represented by the
general formula: 



15       (err) wherein M is an alkali metal element and n is a number of
moles of SiO2 of 0.5 to 5, into a coagulating bath comprising a
water-soluble organic medium or an acid solution having a concentra- tion
of 4N or less through a nozzle having a bore diameter of 0.2 mm or less to
coagulate the same 20       in fibrous form; said aqueous solution having a
viscosity in the range of 2 to 500 poise, treating the thus obtained
fibrous gel with an acid-containing solution, and then washing the same
with water to extract and remove Impurities; (2) a method which comprises
further heat-treating the silica obtained by the method of (1) above at a
temperature of 1,000 * C or higher. 25 5. A process for manufacturing fine
silica particles according to claim 1, wherein said hollow silica fibres
have cracks on the surface of their walls. PatentansprUche 30 1. Ein
Verfahren zur Herstellung feiner Siliciumdioxidteilchen, welche elne
durchschnittliche Teilchengrdoe von 7 bis 20 um haben und S 0.5 Gew.-%
grobe Teiichen mit elner Tellchengrdfe von mehr als 74 Am enthalten, wobel
ein MahIschritt unter Verwendung von hohlen $iliciumdioxidfasem als
Ausgangsmateri- al durchgeftUhrt wird, welche eine Wandstarke von S 74 ALm
haben. 35 2. Ein Verfahren entsprechend Anspruch 1, wobei die genannte
Lange 2 74 Am ist, und der genannte Mahischritt in der Weise durchgeffihrt
wird, daB die durchschnittliche Teilchengr6foe der felnen
Siliclumdloxldteilchen im Bereich von 15 bis 20 Am llegt. 40  3  Eln
Verfahren gemrn3 Anspruch 1, wobei die genannte Uinge mehr als 44 Um Ist
und der genannte Mahischritt in der Welse durchgef~hrt wird, daB die
genannte durchschnittliche Teilchengr6Be der felnen Sillciumdioxidteilchen
im Bereich von 10 bis 12 um liegt. 4. Ein Verfahren gemaB irgendeinem der
Ansprtche 1 bis 3, wobei die hohlen Siliciumdioxidfasem mittels 45     der
folgenden Methode (1) oder (2) erhalten werden: (1) ein Verfahren, welches
einschlielt das Extrudieren elner wissrigen Losung eines Alkalisilikats,
welches dargestelit wird durch die aligemeine Formel: 60        M20 x
nSlO2, wobei M ein Alkalimetallelement und n eine Anzahl von Molen von 8102
von 0,5 bis 5 ist, durch elne DUse mit einem Bohrdurchmesser von < 0,2 mm
in ein Koagulationsbad, das ein wasserlosliches organisches Medium oder
eine Slurel6sung enthalt, deren Konzentration < 4 normal ist, um die S5
wwssrige L6sung faserfOrmig zu koagulleren, wobel diese eine Viskositat Im
Bereich von 2 bis 500 Poise hat, das Behandeln des so erhaltenen
faserformigen Gels mit einer slurehaltigen Ldsung und das Waschen
desselben, um Verunreinigungen zu extrahieren und zu entfemen, 9    1111111
11I1I/D1111 11101 1111 EP 0296 401 B1
s 



(2) ein Verfahren, welches weiterhin die Hitzebehandlung des mittels des
obigen Verfahrens (1) erhaltenen Siticiumdioxids bei einer Temperatur von >
1000 * C einschtieft. 'U    6. En Verfahren zur Herstellung feiner
Sillciumdioxidteilchen entsprechen Anspruch 1, wobel die genann- 5      ten
hohlen Siliciumdioxidfasern auf der Oberflache ihrer Winde Sprlnge haben.
Revendliat1ons 1. Proc~d4 pour la preparation de particules de silice fines
d'une granulom~trie moyenne de 7-20 microns 10     et contenant 0,5% en
poids ou moins de particules brutes ayant une granulometrie superieure & 74
microns en effectuant uno dtape de broyage en utilisant des fibres de
silice creuses dyune epaisseur de parol inferieure & 74 microns en tant que
matiere de depart. 2. Proc~dd selon la revendication 1, dans lequel la
longueur est de 74 microns ou d'avantage et lFetape is     de broyage est
effectu6e de telle sorte quo la granulomdtrie moyenne des particules de
silico fines se situe dans une plage de 15 & 20 microns. 3. Procede selon
la revendication 1, dans loquel la longueur est supdrieure a 44 microns et
l'etape de broyage s'effectue de telle sorte quo la granutomrtrie moyenne
des particules de silice fines se situe dans la plage de 10 a 12 microns.
4. Procdd selon t'une quelconque des revendications 1 a 3, dans tequel les
fibres de sitice creuses sont obtenues par le procede suivant (1) ou (2):
(1) un proced4 qui comprend l'etape consistant a extruder une solution
aqueuse d'un silicate alcalin 26       represente par la formule gdn~rale:
M20 x nSiO2 dans laquelle M est un element des m~taux alcalins et n est un
nombre de moles de SiO2 de 0,5 a so        5, dans un bain de coagulation
comprenant un milieu organique hydrosoluble ou une solution acide ayant une
concentration de 4N ou moins par uno tuybre ayant un diambtre d'al6sage de
0,2 mm ou moins pour coaguler celle-cl sous la forme fibreuse; la solution
aqueuse ayant una viscosite dans la plage de 2 & 500 poises, traitor le gel
fibreux ainsi obtenu avec une solution contenant un acide, et 35
laver ensuite celle-cl & I'eau pour extraire et enlever les impuretes; (2)
un procddd qui comprend de plus le traitement thermique de la silice
obtenue par le procdde de (1) ci-dessus & une temperature de 1.000 * C ou
superieure. 5 Proc~dd pour la fabrication de particules de silice fines
selon la revendication 1, dans lequel les fibres 40     de silico crouses
presentent des fissures a la surface de leurs parols. 45 50 55 1*0    


