
(19) United States 
US 20020024161A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0024161 A1 
Konya et al. (43) Pub. Date: Feb. 28, 2002 

(54) METHOD OF PRODUCING SPHERICAL 
SILICA POWDER 

(76) Inventors: Yoshiharu Konya, Annaka-shi (JP); 
Koichiro Watanabe, Annaka-shi (JP); 
Susumu Ueno, Annaka-shi (JP) 

Correspondence Address: 
BIRCH STEWART KOLASCH & BIRCH 
PO BOX 747 
FALLS CHURCH, VA 22040-0747 (US) 

(21) Appl. No.: 09/935,593 

(22) Filed: Aug. 24, 2001 

(30) Foreign Application Priority Data 

Aug. 31, 2000 (JP) .................................... .. 2000-262431 

Publication Classi?cation 

(51) Int. Cl? ......................... .. 1329c 35/02; 1329c 67/00 

01 

13 

(52) Us. 01. ............................................... .. 264/15; 264/80 

(57) ABSTRACT 

Spherical silica powder is produced by feeding silica poWder 
having an average particle siZe of 0.3-40 pm to a burner 
?ame formed With a ?ammable gas so as to continuously 

melt and spheroidiZe the particles Within the ?ame. The use 
of a non-halogenated siloXane and/or alkoxysilane as an 
auxiliary ?ame-generating source raises the ?ame tempera 
ture and increases the length of the composite ?ame formed 
by combustion of the fuel gas With the siloXane or alkoX 
ysilane. Moreover, the ?ne particles of silica that form as a 
result of siloXane or alkoxysilane combustion unite and 
coalesce With the particles of starting silica. These effects 
accelerate melting and spheroidiZation of the starting silica 
powder, resulting in thermally efficient and cost-effective 
spherical silica poWder production. 
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METHOD OF PRODUCING SPHERICAL SILICA 
POWDER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of pro 
ducing spherical silica poWder Which can be used for such 
purposes as a ?ller in semiconductor encapsulants. 

[0003] 2. Prior Art 

[0004] Silica poWders are used as ?llers in semiconductor 
encapsulants. The increasingly high level of integration in 
semiconductors has created a need for encapsulants With 
better mold-?lling properties that noW makes it essential to 
use spherical fused silica poWders. Anumber of methods for 
producing spherical fused silica poWder by introducing 
silica poWder to a burner ?ame are described in the prior art. 
For example, JP-A2-199013 (alloWed as JP 2670628) and 
J P-A 10-95607 disclose processes of passing a starting silica 
poWder through a ?ame formed by the combustion of a 
?ammable gas and oxygen, thereby melting and spheroidiZ 
ing silica particles. 

[0005] In general methods customarily used in the art, the 
starting silica poWder is fed to a burner ?ame formed by the 
combustion of oxygen With a ?ammable gas such as pro 
pane. The combustion ?ame imparts heat to the poWder, 
causing it to melt and spheroidiZe. Thermal poWer suf?cient 
to raise the temperature to the melting point or higher is 
required to melt the silica poWder. In addition, a long ?ame 
length is needed to uniformly melt silica poWder having a 
broad particle siZe distribution. For these reasons, use is 
made of a ?ammable gas Which generates more heat than the 
amount theoretically required to melt the starting silica. 

[0006] HoWever, using large amounts of ?ammable gas 
and oxygen loWers the thermal energy ef?ciency, in addition 
to Which it raises costs and is thus uneconomical. On the 
other hand, holding doWn the thermal poWer of a combus 
tion ?ame shortens the length of the ?ame. In a ?ame of this 
type, ?ne silica particles can be spheroidiZed because they 
have a loW heat capacity and a long retention time in the 
?ame. HoWever, coarse silica particles do not readily sphe 
roidiZe on account of their large heat capacity and their short 
retention time in the ?ame. Accordingly, a need has been felt 
for a cost-effective method of producing spherical fused 
silica poWder of any particle siZe suitable for use as a ?ller 
in semiconductor encapsulants Which requires less ?am 
mable gas and has a better thermal energy ef?ciency. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the invention to provide 
a method Which is capable of cost-effectively producing 
spherical fused silica poWder that can be used for such 
purposes as a ?ller in semiconductor encapsulants. 

[0008] After thoroughly investigating methods for feeding 
silica poWder to a ?ame and continuously melting and 
spheroidiZing the poWder in the ?ame, the inventor has 
found that using a ?ame formed by the oxidative combustion 
of a non-halogenated siloxane or alkoxysilane as an auxil 
iary ?ame in the production process boosts heat generation, 
reduces the amount of ?ammable gas required, and increases 
the ?ame temperature and length. The result is a higher 
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thermal energy ef?ciency and excellent cost effectiveness. 
Moreover, the core particles of silica that form as a result of 
siloxane or alkoxysilane combustion coalesce and groW on 
surfaces of silica particles, promoting spheroidiZation. 

[0009] Accordingly, the invention provides a method of 
producing spherical silica poWder, in Which method silica 
poWder having an average particle siZe of 0.3 to 40 pm is fed 
to a burner ?ame formed With a ?ammable gas so as to 

continuously melt and spheroidiZe the particles Within the 
?ame. Anon-halogenated siloxane and/or a non-halogenated 
alkoxysilane is fed to the ?ame as an auxiliary ?ame 
generating source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The objects, features and advantages of the inven 
tion Will become more apparent from the folloWing detailed 
description, taken in conjunction With the accompanying 
draWings. 
[0011] FIG. 1 is a schematic sectional vieW shoWing an 
example of a production system such as may be used to Work 
the present invention. 

[0012] FIG. 2 is a schematic sectional vieW shoWing 
another example of a production system that may be used in 
the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] The inventive method of producing spherical silica 
poWder involves feeding silica particles to a burner ?ame 
formed With a ?ammable gas, and continuously melting and 
spheroidiZing the silica particles in the ?ame. 

[0014] To achieve a high-purity product, it is desirable 
though not essential for the silica poWder used as the starting 
material to have a purity of at least 99.9%. 

[0015] The silica poWder (or particles) used as the starting 
material has an average particle siZe of 0.3 to 40 pm, and 
preferably 0.3 to 30 pm. A starting silica poWder having a 
smaller particle siZe than the ?nal silica poWder product is 
used to alloW the spherical silica poWder to be controlled to 
a particle siZe suitable for use as a ?ller in semiconductor 
encapsulants. The starting silica poWder is ?nely divided and 
thus agglomerates into larger particles, although this is 
acceptable so long as the particles are of a siZe that alloWs 
such agglomerates to break doWn and disperse in a stream of 
air. The starting silica poWder may be crystalline silica, 
fused silica, quartZ or synthetic silica capable of being 
adjusted to the required particle siZe by a suitable process 
such as milling. Synthetic silica is generally in the form of 
a ?ne poWder. At a particle siZe of at least 0.3 pm, it 
disaggregates to the primary particles in a stream of gas, and 
can thus be used. On the other hand, coarse particles require 
a large amount of heat for melting and spheroidiZation. 
Moreover, they fall more rapidly through the ?ame than 
smaller particles and thus have a short residence time in the 
?ame, loWering the ef?ciency of spheroidiZation. 

[0016] The starting silica poWder is carried by oxygen gas 
or air and fed through the burner to the ?ame. In Working the 
invention, the silica poWder may be melted in the ?ame by 
a knoWn method Wherein hydrogen gas or a hydrocarbon gas 
such as propane is used as the fuel gas for the burner ?ame, 
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and an oxygen-containing gas such as oxygen or air is used 
as a combustion-supporting gas. 

[0017] The melting point of silica differs according to its 
form. For example, crystalline cristobalite has a melting 
point of 1,723° C., and quartz has a melting point of 1,423° 
C. Therefore, to melt and spheroidiZe the starting silica, it is 
essential that a high-temperature, high-heat ?ame be formed 
Which has enough heat to hold the ?ame temperature at these 
melting points or higher and melt the silica poWder. The 
combustion reactions and heats of combustion When pro 
pane gas and hydrogen gas are used as the combustion gases 
are as folloWs: 

[0018] HoWever, due to cooling of the ?ame, such as from 
the sensible heat of surplus gas and heat removal through the 
furnace Walls, these fuel gases, When used by themselves, 
must be fed in excess quantities to completely melt and 
spheroidiZe the silica poWder. This is economically disad 
vantageous. 

[0019] The present invention overcomes this problem by 
feeding to the ?ame a non-halogenated siloxane or alkox 
ysilane as an auxiliary ?ame source. 

[0020] The siloxane used for this purpose may be a 
non-halogenated linear organosiloxane of general formula 
(1): 

(R1)3Sio[SiR2R3O]mSi(R1)3 (1), 
[0021] a non-halogenated cyclic organosiloxane of gen 
eral formula (2): 

[5iR2R3OL (2), 
[0022] or a mixture thereof. 

[0023] In the above formulas, R1, R2 and R3 are each 
independently a monovalent hydrocarbon group, an alkoxy 
group or a hydrogen atom; m is 0 or a positive integer; and 
n is an integer of at least 3. 

[0024] Monovalent hydrocarbon groups represented by R1 
to R3 include CL6 alkyl groups, alkenyl groups such as vinyl, 
and phenyl groups. Of these, loWer alkyls such as methyl, 
ethyl and propyl are preferred. Methyl is especially pre 
ferred. Suitable alkoxy groups include those having 1 to 6 
carbons, such as methoxy and ethoxy, of Which methoxy is 
especially preferred. The letter m is 0 or a positive integer, 
and preferably an integer from 0 to 100. The letter n is an 
integer of at least 3, and preferably an integer from 3 to 7. 

[0025] Examples of suitable organosiloxanes include hex 
amethyldisiloxane, octamethyltrisiloxane, octamethylcy 
clotetrasiloxane and decamethylcyclopentasiloxane. 

[0026] Exemplary non-halogenated alkoxysilanes include 
those of the general formula (3): 

[0027] Wherein R1 and R2 are as de?ned above, and 
preferably monovalent hydrocarbon groups, and p is 0, 1, 2 
or 3. 

[0028] The above-described siloxane and alkoxysilane 
may be used singly or in combinations of tWo or more 
thereof. The siloxanes and alkoxysilanes Which have been 
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puri?ed are preferred and highly suitable as auxiliary ?ame 
generating gases because they are of high purity and free of 
impurities such as metals, and they contain no halogens and 
thus do not generate corrosive gases, eliminating the need 
for special-grade materials in the combustion furnace and 
exhaust system. Moreover, treatment of the exhaust gases 
generated by their combustion is easy. 

[0029] The above siloxanes and alkoxysilanes contain 
many hydrocarbon groups and alkoxy groups on the mol 
ecules, and thus have large heats of combustion. For 
example, the combustion reactions and heats of combustion 
for hexadimethylsiloxane, octamethylcyclotetrasiloxane and 
tetramethoxysilane are as folloWs. 

6H2O(g)AHR=—722 kcal/mol 

[0030] These large heats of combustion are thus available 
for use. Moreover, because the siloxane or alkoxysilane 
receives heat from the combustion gas ?ame and is sub 
jected to oxidative combustion While undergoing vaporiZa 
tion and pyrolysis, the combustion ?ame lengthens. This 
increases the residence time of the starting silica poWder in 
the ?ame, Which promotes melting and spheroidiZation of 
the silica poWder. Use of the above siloxanes and alkoxysi 
lanes provides also the further advantage that the silica 
poWder formed by their oxidative combustion coalesces 
With the molten starting silica poWder and is ultimately 
recovered as part of the ?nal poWder product. 

[0031] It is desirable for the siloxane and/or alkoxysilane 
to be supplied in such an amount that the ?ame formed by 
its combustion together With the fuel gas provides the 
temperature and heat necessary to melt and spheroidiZe the 
starting silica poWder. To achieve good thermal ef?ciency, it 
is preferable for most of the necessary heat to be furnished 
by the siloxane or alkoxysilane’s heat of combustion, 
although fuel gas should be supplied as a combustion 
assisting gas at least to assure stable combustion of the 
siloxane or alkoxysilane. Hence, a molar ratio of siloxane or 
alkoxysilane to fuel gas Within a range of 1:3 to 10:1, and 
especially 1:2 to 7:1, is preferred. The core particles of ?ne 
silica formed by the combustion of siloxane or alkoxysilane 
cover the surface of the starting silica poWder and coalesce 
thereWith, taking part in the spheroidiZation of that poWder. 
HoWever, if too much siloxane or alkoxysilane is supplied, 
the surplus ?ne silica acts as a binder, giving rise to fusion 
necking betWeen particles of the starting silica and impairing 
spheroidiZation. For this reason, it is advantageous to adjust 
the amount of siloxane or alkoxysilane supplied so that the 
amount of silica formed by combustion of the siloxane or 
alkoxysilane is less than the amount of starting silica. 

[0032] The siloxane or alkoxysilane may be supplied to an 
atomiZing noZZle as a liquid, atomiZed into ?ne droplets, 
then fed to the ?ame and burned. Alternatively, the siloxane 
or alkoxysilane may be heated to form a vapor Which is then 
fed to the ?ame and burned. 

[0033] AtomiZation of the siloxane or alkoxysilane by 
passing it in liquid form through an atomiZing noZZle may be 
carried out under the pressure of the liquid itself, using an 
atomiZing medium such as air or steam, or under centrifugal 
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force. The atomized droplets of siloxane or alkoxysilane are 
heated by the combustion ?ame of the combustion-assisting 
gas or by the combustion ?ame of the siloxane or alkoxysi 
lane itself, and are thus subjected to oxidative combustion 
While undergoing vaporization and pyrolysis. Complete 
vaporiZation or pyrolysis and combustion of the droplets of 
atomiZed siloxane or alkoxysilane is best achieved at a small 
droplet siZe. A droplet siZe of not more than 100 pm, and 
especially not more than 50 pm, is preferred. To achieve this, 
the siloxane should have a viscosity at 25° C. of preferably 
not more than 500 cs, and most preferably not more than 200 
cs. 

[0034] If, instead, the siloxane or alkoxysilane is fed to the 
?ame as a vapor, the method used may be one in Which the 
siloxane or alkoxysilane is heated and carried by bubbling 
With an inert gas such as nitrogen, or one in Which a 
superheated vapor of the siloxane or alkoxysilane is mixed 
With an inert gas such as nitrogen and fed to the ?ame. The 
siloxane or alkoxysilane may be fed to the ?ame from the 
same burner as that used to feed the starting silica poWder, 
or from a different burner. 

[0035] A composite ?ame of the fuel gas combustion 
?ame and the siloxane or alkoxysilane auxiliary ?ame is 
formed by feeding, as a combustion-supporting gas, an 
oxygen-containing gas Which includes also carrier gas for 
dispersing and carrying the starting silica poWder from the 
burner, so as to supply at least the stoichiometric amount of 
oxygen required for combustion. HoWever, if the amount of 
oxygen-containing gas fed for this purpose is insufficient, it 
may be supplemented by the uptake of outside air along the 
periphery of the burner. Too little oxygen is undesirable in 
terms of safety and quality because it causes incomplete 
combustion and can lead to the presence of undesirable 
substances such as carbon and carbon monoxide in the 
product or the exhaust gases. On the other hand, too much 
oxygen loWers the ?ame temperature. Accordingly, the 
combined amount of oxygen, made up of the oxygen Which 
is fed to the burner and the oxygen in the outside air that is 
draWn in, is preferably from 1 to 4 times, and most prefer 
ably from 1.2 to 3.5 times, the stoichiometric amount. 

[0036] A composite ?ame in Which the siloxane or alkox 
ysilane is used as the auxiliary ?ame provides the folloWing 
advantages. 

[0037] (1) The siloxane or alkoxysilane’s large heat of 
combustion increases the ?ame temperature, enabling 
suf?cient heat to be provided for melting and sphe 
roidiZation of the starting silica. 

[0038] (2) A composite ?ame formed With the siloxane 
or alkoxysilane and a combustion-assisting gas length 
ens the combustion ?ame, thereby increasing the resi 
dence time of the starting silica poWder Within the 
?ame. 

[0039] (3) The silica formed by the combustion of 
siloxane or alkoxysilane unites and coalesces With the 
starting silica, thus helping to promote melting and 
spheroidiZation of the silica poWder. Additional advan 
tages are also achieved in terms of thermal ef?ciency 
and economy. Such advantages include: 

[0040] (4) reduction in the use of fuel gas, and 

[0041] (5) recovery as ?nished product of all the silica 
formed by burning the siloxane or alkoxysilane. 

Feb. 28, 2002 

[0042] The poWder product may be collected from the 
combustion Waste gases in the ?ue line by the suitable use 
of collection devices such as a cyclone and a bag ?lter. 

[0043] The production apparatus used to manufacture the 
spherical fused silica poWder of the invention is described 
While referring to the attached diagrams. FIGS. 1 and 2 
shoW schematic sectional vieWs of different examples of 
production systems suitable for this purpose. FIG. 1 illus 
trates a production method in Which the siloxane or alkox 
ysilane is fed to the burner as a liquid and is atomiZed and 
burned. FIG. 2 illustrates a production example in Which the 
siloxane or alkoxysilane is heated to form a vapor, Which is 
then fed to the burner for combustion. In FIG. 1, a starting 
silica poWder 1 is admitted from a starting material hopper 
2 With a metering feeder 3, then dispersed and carried by a 
carrier gas and fed through a feed line 4 to a burner 10. At 
the same time, a siloxane or alkoxysilane 5 is passed by a 
metering pump 7 from a tank 6 through a feed line 9 and to 
a burner 10. The starting silica poWder 1 is introduced to a 
composite ?ame 12 formed in a combustion furnace 11 by 
a fuel gas and the siloxane or alkoxysilane. The poWder 1 is 
melted in the ?ame 12 and passes, together With the silica 
formed by combustion of the siloxane or alkoxysilane, 
through a ?ue line 13 to a cyclone 14 and a bag ?lter 16, 
Where it is separated off and collected, after Which it is 
recovered in recovery units 15 and 17, respectively. The 
exhaust gases are then discharged by an exhaust unit 18. The 
production system shoWn in FIG. 2 is like that in FIG. 1, 
except that a vaporiZer 8 is provided on the line feeding the 
siloxane 5 to the burner 10. 

EXAMPLE 

[0044] Examples and comparative examples are given 
beloW by Way of illustration and not by Way of limitation. 

Example 1 

[0045] A production system of the type shoWn in FIG. 1 
Was used. The combustion furnace 11 Was a cylindrical 
stainless tube having an inside diameter of 400 mm and a 
height of 3,000 mm, and lined With alumina heat-insulating 
material. The pressure Within the furnace 11 Was set to a 
negative pressure of 0.5 kPa by evacuation With an exhaust 
unit 18. Propane gas and oxygen gas Were fed from a burner 
10 at respective rates of 0.5 Nm3/h and 20 Nm3/h to form a 
?ame. Next, 20 kg/h of crystalline silica poWder having an 
average particle siZe of 15 pm and a purity of 99.6% Was fed 
to the burner 10 by a metering feeder 3, and introduced to 
the ?ame through the burner 10 by dispersion and entrain 
ment With 6 Nm3/h of oxygen as the carrier gas. At the same 
time, hexamethyldisiloxane Was fed at a rate of 10 kg/h by 
a metering pump 7, atomiZed by 3 Nm3/h of air from an 
atomiZing noZZle mounted on the burner 10, and burned in 
a composite ?ame 12 formed by combustion of the propane 
gas and siloxane. The molten silica poWder Was cooled in a 
?ue line 13, then recovered With collection and recovery 
devices. The recovered silica poWder had a purity of 99.6%, 
an average particle siZe of 22 pm, and Was con?rmed by 
x-ray diffraction analysis to be amorphous. The poWder Was 
examined under an optical microscope, and the particle 
shapes Were analyZed using a particle shape analyZer (LuZex 
F, manufactured by Nireco Co., Ltd.), Whereupon all the 
particles Were found to be spherical With a breadth-to-length 
ratio of at least 0.85. 
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Example 2 

[0046] A production system of the type shown in FIG. 2 
Was used. This system Was substantially the same as that 
used in Example 1, except that a vaporizer Was installed on 
the siloxane feed line. A ?ame Was formed by feeding 0.3 
Nm3/h of propane gas and 22 Nm3/h of oxygen gas from a 
burner 10. Next, crystalline silica having an average particle 
siZe of 18 pm and a purity of 99.6% Was fed to the burner 
10 by a metering feeder 3 at a rate of 15 kg/h, and introduced 
to the ?ame through the burner 10 by dispersion and 
entrainment With 5 Nm3/h of oxygen as the carrier gas. At 
the same time, hexamethyldisiloxane Was fed at a rate of 8 
kg/h by a metering pump 7, converted to superheated vapor 
by a vaporiZer 8, mixed With 2 Nm3/h of nitrogen gas and 
carried to a burner 10, Where it Was burned in a composite 
?ame 12 formed by combustion of the propane gas and 
siloxane. The molten silica poWder Was cooled in a ?ue line 
13, then recovered With collection and recovery devices. The 
recovered silica poWder had a purity of 99.6%, an average 
particle siZe of 20 pm, and Was con?rmed by x-ray diffrac 
tion analysis to be amorphous. The poWder Was examined 
under an optical microscope, and the particle shapes Were 
analyZed using a particle shape analyZer, Whereupon all the 
particles Were found to be spherical With a breadth-to-length 
ratio of at least 0.85. 

Example 3 

[0047] The same production system Was used as in 
Example 1. The pressure Within the furnace 11 Was set to a 
negative pressure of 0.6 kPa by evacuation With the exhaust 
unit 18. Hydrogen gas and oxygen gas Were fed in at 
respective rates of 1.5 Nm3/h and 20 Nm3/h to a burner 10 
to form a ?ame. Next, 10 kg/h of crystalline silica poWder 
having an average particle siZe of 20 pm and a purity of 
99.6% Was fed to the burner 10 by a metering feeder 3, and 
introduced to the ?ame through the burner 10 by dispersion 
and entrainment With 6 Nm3/h of oxygen as the carrier gas. 
At the same time, methyltrimethoxysilane Was fed at a rate 
of 13 kg/h by a metering pump 7, atomiZed by 5 Nm3/h of 
air from an atomiZing noZZle mounted on the burner 10, and 
burned in a composite ?ame 12 formed by combustion of the 
hydrogen gas and methyltrimethoxysilane. The molten silica 
poWder Was cooled in a ?ue line 13, then recovered With 
collection and recovery devices. The recovered silica poW 
der had a purity of 99.6%, an average particle siZe of 22 pm, 
and Was con?rmed by x-ray diffraction analysis to be 
amorphous. The poWder Was examined under an optical 
microscope, and the particle shapes Were analyZed, Where 
upon all the particles Were found to be spherical With a 
breadth-to-length ratio of at least 0.83. 

Comparative Example 1 

[0048] The same production system Was used as in 
Example 1. No siloxane or alkoxysilane Was used to form an 
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auxiliary ?ame, and instead, the propane gas and oxygen gas 
feed rates Were set at 4.4 Nm3/h and 28 Nm3/h to achieve the 
same heat of combustion. Aside from these changes, com 
bustion, melting and recovery of the ?nal poWder product 
Were carried out at the same furnace pressure, With the same 
crystalline silica poWder, and at the same carrier gas prop 
erties and feed rate as in Example 1. The recovered silica 
poWder had a particle siZe of 17 pm, a purity of 99.6%, and 
Was found by x-ray diffraction analysis to contain both 
amorphous and crystalline elements. Examination of the 
poWder under an optical microscope revealed that particles 
smaller than 10 pm Were substantially spherical, With a 
breadth-to-length ratio of 0.80 or more. HoWever, particles 
10 pm to 40 pm in siZe had an average breadth-to-length 
ratio of 0.65, and thus had a basically angular shape With 
rounded edges. Particles larger than 40 pm retained essen 
tially the same shape as the particles in the starting material. 

[0049] As described above and demonstrated in the fore 
going examples, the amount of heat generated by oxidative 
combustion When siloxane or alkoxysilane is used as an 
auxiliary ?ame source raises the ?ame temperature and 
increases the length of the composite ?ame formed by 
combustion of the fuel gas With the siloxane or alkoxysilane. 
Moreover, the ?ne particles of silica that form as a result of 
siloxane or alkoxysilane combustion unite and coalesce With 
the particles of starting silica. These and related effects serve 
to accelerate melting and spheroidiZation of the starting 
silica poWder, making it possible to achieve a production 
method that has a good thermal energy ef?ciency and is very 
cost-effective. 

[0050] Japanese Patent Application No. 2000-262431 is 
incorporated herein by reference. 

[0051] Although some preferred embodiments have been 
described, many modi?cations and variations may be made 
thereto in light of the above teachings. It is therefore to be 
understood that the invention may be practiced otherWise 
than as speci?cally described Without departing from the 
scope of the appended claims. 

1. A method of producing spherical silica poWder, com 
prising the step of feeding silica poWder having an average 
particle siZe of 0.3 to 40 pm to a burner ?ame formed With 
a ?ammable gas so as to continuously melt and spheroidiZe 
the particles Within the ?ame, Wherein a non-halogenated 
siloxane or a non-halogenated alkoxysilane or a combination 
of both is fed to the ?ame as an auxiliary ?ame-generating 
source. 

2. The method of claim 1, Wherein the non-halogenated 
siloxane or alkoxysilane is burned as a vapor or an atomiZed 
liquid. 

3. The method of claim 1, Wherein the non-halogenated 
siloxane or alkoxysilane is used in a molar ratio, based on 
the fuel gas, of 1:3 to 10:1. 

* * * * * 


