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-1- TITLE OF THE | NVENTI ON RATUS AND METHOD FOR PRODUCI NG | NORGANI C
SPHERI CAL PARTI CLES. 5 BACKGROUND OF THE | NVENTI ON FI ELD OF
THE | NVENTI ON The present invention relates to a nmethod and an apparat us
for producing inorganic spherical particles frominorganic raw nmaterial .
Particularly, it relates to 10 a method and an apparatus for producing

i norgani ¢ spherical particles for a sealing material for sem conductors.
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The present invention relates to a method and an
apparatus for producing inorganic spherical particles
from inorganic raw material. Particularly, it relates to

10 a method and an apparatus for producing inorganic
spherical particles for a sealing material for
semiconductors.

DISCUSSION OF BACKGROUND

A.filler to be used as a sealing material for

15 semiconductors, is required to be free from inclusion of
impurities and free from agglomeration or adhesion of
particles and to have a stabilized surface condition.
Hereﬁofore, as a method for producing inorganic spherical
particles such as spherical molten silica to be used as a

20 sealing material for semiconductors, a technique has been
proposed, as disclosed for example in JP-A-62-241541 and
JP—62-241542, wherein an inorganic spherical powder
material is injected together with a gas flame into a
spheroidizing chamber'and melted and spheroidized, and

25 theh rapidly cooled in the connected cooling chamber by a

| cooling gas blown thereto, to prevent fusion of |

particles. Namely, in the structure surrounding the
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proposed, as disclosed for exanple in JP-A-62-241541 and JP-62-241542,
wherein an inorganic spherical powder material is injected together with a
gas flame into a spheroidizing chanber and nelted and spheroi di zed, and 25
then rapidly cooled in the connected cooling chanber by a cooling gas bl own
thereto, to prevent fusion of particles. Namply, in the structure
surroundi ng the -2- flame, circunference of the burner constitutes a

h i di zi ng zone, and. the inner wall .i.s uysually constituted by a heat
?ﬁsﬁ{gting ngte'%ﬂetncﬁﬁﬁqﬁéﬁﬁﬁﬂfeFﬂﬁtﬁﬂﬁfbﬁfﬂ) tTYH B the forward
d of the fla f]4 e [ Z ver,
-gcr)]nvent I onal ner%]%cfccﬁi;%liplr f‘zzonr%sé]’suagﬁf)tﬂhﬂz}? il Tpur ivﬁi\g Jaér eu%3§ to be
i ncl uded due t%di?é?l?.ﬁxt a We z{ﬁéﬁti%éql}@igr}]%%éé‘&fé)f%xo'Péffé@t&ﬂ?!‘ber

or due to contact w e refractory wa
Further, a portion beyond the forward end of the flame

5 constitutes the cooling zone.

However, such a.conventional method has problems
such that impurities are likely to be included due to
damage of the refractory wall in the spheroidizing
chamber or due td contact with the refractory wall, and

10 convection of the gas flame is likely to take place in
the spheroidizing chamber, whereby a powder is likely to
deposit on the inner wall or the upper portion of the
furnace, and if the powder deposition grows and the

_ tempg;ature rises, fused ten blocks are likely to form

15 and cause clogging of the burner, scattering of raw.
material out of the flame, or clogging of the
spheroidizing chamber and the cooling chamber, so that
the operation can no longer be continued.

SUMMARY OF THE INVENTION

20 The present invention has been made in view of such
problems, and it is an object of the present invention to
provide an apparatus and a method, whereby spherical
particles free from inclusion of impurities can be
produced under a stabilized conditioh for a long period

25 of time by suppressing formation of coarse particles.
The present inventidn has been accomplished on the basis

of a discovery that a spherical powder with little
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10 convection of the gas flane is |likely to take pl ace in the
spheroi di zi ng chanber, whereby a powder is likely to deposit on the inner

%al |l or the upper portion of the furnace, and if the powder deposition

grows and the tenperature rises, fused ten blocks are likely to form 15
and cause cl ogging of the burner, scattering of raw material out of the
or clogging of the spheroidizing chanber and the cooling chanber,
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the entire structure as a cooling zone by carrying out
cooling at the.outer wall portion with a wetted wall or a
water-cooling jacket. Accordingly, in the present
invention, the entire structure sufrounding the flame
COnsfitutes a cooling tower.

Further, it has been found possible to carry out the

production under a stabilized condition by introducing a

‘cooling gas to the cooling tower and permitting the

cooling gas to flow along the flame so as to surround the
flame: in order to carry out the cooling efficiently.

Furthermore, in order to carry out cooling after the
spheroidizing effectively, the relation of the
temperature distribution, the amount of gas and the size
of the cooling zone in the cqoling tower made of a metal,
has been studied and as a result, it has been found that
by adjusting the gas flow rate to a specific superficial
velocity, or by adjusting the value of L/D of the cooling
zone to a specific raﬁge, it is possible to carry out the
production under a stabilized condition with little
agglomeration or deposition on the wall. The present
invention has been accomplished on the basis of these
discoveries. |

Here, in the present invention, the structure around

e present invention has been

SO
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-3- aggloneration or adhesion can be efficiently produced under a
stabilized condition for a long period of tine by enploying a netal as the
fat eri al of the structure inclusive of the circunference of the flanme and
making 5 the entire structure as a cooling zone by carrying out cooling at
the outer wall portion with a wetted wall or, a water-cooling jacket.
Accordingly, in the present invention, the entire structure surrounding the

flame constitutes a cooling.tower, 10 urt her, it has._been f.qun
bl e o car PUSTER HEMHoRRET G Bide Lt A A b AT Y
Fgffgduging gaco§1in as to gp coaql i_ng. t quer. nh ernit%!gg.the cool i ng
gas to flow al 8"&3]1 tk?% %le x. 3? 5 &%PS&&E% %‘é’“ﬁ%arras i r? or'der% o carry
t th i fici LY. th [ .
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zone in the cooling tower nmade of a netal
5 out the cooling positively. ’

Namely, the present invention provides an apparatus
for producing inorganic'spherical particles by supplying
raw material through a burner so as to pass through a
flame and injecting it into a cooling tower,

10 characterized in that the inner surface of the cooling
tower is made of a metal.

Further, the present invention provides such an
apparatus wherein the ratio of the length L of the
coolipg tower to the circle-assimilated diameter D, i.e.

15 L/D, is made to be from 2 to 5.

The present invention also provides a method for
producing such inorganic spherical particles, wherein a
cooling gas is introduced to surround the flame.

Further, the present'invention provides such a

20 method wherein the cooling gas is introduced between the
flame and the wall of the cooling tower at an angle of at
most 60° to the axis of the flame.

Still further, the present invention provides such a
method wherein the superficial velocity of the gas in the

25 cooling zone is adjusted to be from 0.04 to 3.00 m/sec.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a view illustrating the construction of
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has been studied and as a result, it has been found that 20 by adjusting
the gas flow rate to a specific superficial velocity, or by adjusting the
value of L/D of the cooling zone to a specific range, it is possible to
carry out the production under a stabilized condition with little
aggl oneration or deposition on the wall. Ihg present 25 invention has been
acconpl i shed on the basis of these discoveri'es. Here, in the present
i nvention, the gﬁructure around - -4- . a burner which used to be referred
to as a furnack 503§PaﬁFFPSb§°FePEPpBH1?8 480%98BACi BEREERERL as the inner
surface of the g% yeture is made of a netal having a high cooling effect,
on the basis of % c%ﬁéept of carrying 5 out the cooling positively. .
Nanel y, the presenigihRv¥enhi hdg n AppaLa or. prad Aglnor gani ¢
spherical particlesS Dy ' E— N

Powder of inorganic raw material to be used in the

IPTION &

5 present invention is not particularly limited so long as
it is one which can be melted or softened by heating.
However, the present invention is particulariy suitable
for inorganic raw material which is required to be
spheroidized at a high temperature of at least 1800°C,

10 such as silica raw material, alumina or a double oxide
such as spinel or mullite. Particularly, silica raw
material has a strong agglomerating nature after
spheroidizing and is thus a material suitable for the
method of the present invention. The particle size of

- _ 15 the inorganic raw material may be from 0.5 to 200 um.

However, in general, as the particle size becomes fine at
a level of at most 20 um, agglomeration during cooling
and deposition on the wall tends to increase, whereby the
effects of the present invention will be substantial.
20 However, the particle size is not particularly limited.
Now, the apparatus for producing spherical particles
will be described with reference to Figure 1.
The apparatus of the present invention employs a
cooling tower made of a metal excellent in the cooling
25 efficiency, which has no refractory lining of refractory
material such as alumina bricks on the inner wall, and

the exterior of the cooling tower is cooled with water or



raw material through a burner so as to pass through a flanme and injecting
It into a cooling tower, 10 characterized in that the inner surface of the
cooling tower is nmade of a netal. Further, the present invention provides
such an apparatus wherein the ratio of the length L of the cooling tower to

the circle-assim|ated dianmeter D, i.e. 15 .L/D, is nade to be from2 to 5.
The present invention al so provides a nethod for producing such inorganic
spherical parti ¢l es, mhereif coolin s j§ introduced to surround the
flame. Further@ifhe FRESEH3 t3 WS FWR %b%fpaﬁethod wher ei n
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view illustrating e construction .
5 forward end of the flame, so that cooling can positively

be carried out. The cooling tower is preferably of a
vertical type as shown in Figure 1, whereby the
temperature control of the cooling zone is easy.
However, a so-called horizontal type or an inclined type

10 may also be employed where the flame is blown in a
horizontal direction, and spheroidizing is carried out
while rotating a cooling tower. To protect a part of the
sensor-attaching portion for e.g. measurement of the high
temperature, with a heat insulating material or a

15 refractory material, is within the scope of the present
invention and is by no means restricted. In essence, the
major portion of the inner surface of the cooling tower
is made of a metal suitable for cooling. The cooling
tower may be wvertical, horizontal or inclined. The metal

20 material constituting the wall surface is preferably a
heat resistant steel such as hastelloy or stainless
steel} and its surface is preferably made to have a
surface roughness of not higher than 1S so that
deposition of partiéles will be little.

25 The cooling tower surrounding the flame is made of a
metal, whereby the cooling effect is high, and at the

initial stage of operation, particles may deposit on the



-5- the apparatus for producing inorganic spherical particles. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Powder of inorganic raw nmaterial
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deposited particles, whereby no bulky agglomerates will

be formed, and no cloggiﬁg of pipings will take place.
Further, except for the initial stage, the metal surface
is covered slightly with the deposited product, whereby
corrosion hardly proceeds. Accordingly, inclusion of
impurities due to a corrosion product of metal, can be
prevenﬁed. Needless to say, there will be no inclusion
of impurities due to damage of the refractory lining.

At this flame zoné, cooling gas supply holes are
arranged so that the cooling gas surrounds the flame and
flow;_along the flame, whereby convection of the flame is
prevented, collision of particles to one another will be
minimized, spherical particles having excellent
sphericity will be obtained without little adhesion of
particles to one another, and the increase of deposition
of particles on the wall surface will be suppressed and a
constant operation will be possible.

As the cooling gas, it is usually most economical to
empléy air. However, a combustion exhaust gas, nitrogen
gas or argon gas may be mixed thereto, as the case
requires. To increase the cooling effect, the cooling
gas components may be adjusted so that the moisture will
increase, or water droplets will be included. In the

case of a vertical type cooling tower as shown in Figure



a level of at nost 20 [err]m aggloneration during cooling and deposition
on the wall tends to increase, whereby the effects of the present invention
will be substantial. 20 However, the particle size is not particularly
limted. Now, the apparatus for producing spherical particles wll be
described with reference to Figure 1. The_agparatus of the present

I nvention enploys a cooling tower made of a netal excellent in the cooling

25 effici , swhich h ] f | | ni f f ial, . h
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can positivel ygpyrner located at the center. When the cooling gas
5 supply holes are formed on the wall surface, they are
provided preferably so that the cooling gas stream is
introduced around the flame zone at an angie of at most
60° to the axis of the flame. The angle is preferably at
most 45° , more preferably at most 30° , most preferably
10 in parallel with the.axis of the flame. If the cooling
gas is introduced beyond 60° , a part of the flame
undergoes convection or back flow, whereby collision of
particles one another takes place vigorously, and
partigles tend to adhere to one another, thus leading to
15 an increase of the particle size over the initial raw
material. Further, deposition to the wall surface is
likely to increase to form bulky substance. If the
deposited substance becomes so thick, control of the
temperature for control of the shape of the flame, tends
20 to be difficult, and the operation will have to be
stopped in a short period of time. The finer the powder,
the higher such tendency.
Such cooling gas supply holes are required to be
diqused on the burner side than the forward end of the
25 flame in the longitudinal direction of the cooling tower,
preferably by 2/3, more preferably by 1/2, of the length

of the flame, on the burner side. Along the



be carried out. The cooling tower is preferably of a vertical type as shown
I.n Figure 1, whereby the tenperature control of the cooling zone is easy.
However, a so-called horizontal type or an inclined type 10 may al so be
enpl oyed where the flame is blown in a horizontal direction, and
spheroidizing is carried out while rotatlng a_cooling tower. To protect a
part of the sensor-attaching portion for e.g. neasurenent of the high
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The

of the radius of the cooling tower,'and their distances
are set so that at least one hole exists within 30 cm,
preferably at least oné hole exists within 20 cm.
The cooling gas introduced from cooling gas inlets 1
10 installed on the burner-installed surface to surround the
flame, serves to reduce the gas temperature in the
cooling tower and to prevent convection of the combustion
gas of the burner flame in the cooling tower, and it
.flows_smoothly to the outlet direction and is discharged
15 from the outlet of the cooling tower to the direction of
a scavenger such as a bag filter. It is preferred to
design so that the degree of opening of the inlets is
adjustable to control the amount of the cooling gés
introduced, whereby convection resulting from ascending
20 of the combustion gas can be controlled. This cooling
gas introduced, is effective also to reduce the wall
température, whereby increase of deposition of the powder
on the wall can be prevented.
Further, also in a case where the cooling gaé is
25 introduced from many holes on the wall surface of the
cooling tower for cooling, it is necessary to adjust the

angle of introduction to a level of at most 60° . If the



nmetal , whereby the cooling effect is high, and at the initial stage of
operation, particles may deposit on the -7- metal wall, but adhesion of
tthe particles to one another is weak, and if deposited to sone degree, the
deposited particles will disintegrate at the interface of the deposited
particles, whereby no bul ky aggl onerates w P 2 be formed, and no cl ogging
of pipings will take place. Further, except fTor the initial stage, the

nmetal surface is cavered sl.ightl ith the deposited product, whereb
SR R e kg T
corrosion produ ne : . : . :
will be nopi ncl sicﬁ't‘ftéjfrtqsnﬁﬂg [}il&“edgieu{)e&%éﬁ’rmgg"% '\lteef’?éijrriﬁ Bty 1ini ng.

At this flanme [ supply holes are arranged so that the
cool i ng gas su%&%ﬁﬁﬁ%E?Lé&%F%ﬁ%'and flows along the flane, whereby

convection of the fhal®dMing zone in terms of the present. invention
5 1is a portion corresponding to a basicélly straight barrel
portion of the cooling tower ranging from the top of the
cooling tower having the burner to a position where the
inclination of the cone portion for primary recovery
starts, as shown at 18 in Figure 1. On the inner wall at
10 this cooling zone, particles melted by the flame are
likely to deposit. If this deposition layer is thick,
the cooling ability of the cooling zone decreéses. If
the thickness of the deposition layer on the inner wail
at thg cooling zone, increases, the temperature of the
15 surface of the deposition layer increases due to the
decrease in the cooling ability of the cooling zone and
shortening of the distance between the deposited powder
and the flame. The deposited powder left at a high
temperature for a long period of time undergoes sintering
20 and solidification. The sintered and solidified
deposition layer has irregularities on its surface, which
further accelerates deposition. Repeating such |
deposition, sintering and solidification, the deposited
layer continues to grow and leads to clogging of the
25 interior of the cooling zone, or clogging'of the
transporting route of the power and inclusion of coarse

particles, due to falling of the sintered and solidified



15 prevented, collision of particles to one another will be mninmnzed,
spherical particles having excellent sphericity will be obtained w thout
I'ittl e adhesion of particles to one another, and the increase of deposition
of particles on the wall surface will be suppressed and a 20 constant
operation will be possible. As the cooling gas. it is usually nost
econom cal to enploy air. However, a conbustion exhaust gas, nitrogen gas

or argon gas ' h to, . t he_ca requires. To.ingr e the
cool i ng effec??%ﬁﬁ% co@lgﬁé %&ﬁ %?%giﬁﬁpoﬁgn?gen§§P8§l§aPBs95d3§g%ﬁﬁat ths
moi sture Wil kReS 6a%Ry Gal9Abe (HOBLBIIAY Llodde iNqlIeY, I Al case O
a vertical type cooling tower as ;Epwn Q&'gﬁ?yre yb -, ig§¥c2f%é?g gas
suppl y hol es agg reetTHda@nat hegheitlel Tl | %ntdh% W e ht r a
surface, by provfﬁing9gaplﬁralgﬁy OPB%gIes or slits alongpﬁ Srcle Wtk the
' long period of time, the inner wall at the cooling zone

5 tends to deteriorate to permit inclusion of foréign
matters.

Thus, to operate spheroidizing by flame melting
under a stabilized condition, it is essential to control
the deposition layer on the inner wall of the cooling

10 _towér within a certain range.

In the present invention, in order to solve such a
problem, the superificial velocity of the gas flowing in
the cooling zone is adjusted to be from 0.04 to 3.00
m/sec: whereby control of the thickness of the deposition

15 layer on the wall has been made possible, and a
stabilized operation has been made possible.

In the present invention, the superficial velocity
in the cooling zone is meant for the superficial velocity
at the terminal end portion of the cooling zone. If this

20 superficial velocity is less than 0.04 m/sec., a
temperature difference will be created between the
cooling zone initiating portion (upper portion) and the
terminal end portion (lower portion), whereby it will be
difficult to fbrm a uniform deposition layer of particles

25 on the wall of the cooling tower. 1In general, the
deposition layer tends to be thick at the cooling zone

initiating portion where the temperature is high, and



burner |ocated at the center. When the cooling gas 5 supply holes are
formed on the wall surface, they are provided preferably so that the
cooling gas streamis introduced around the flane zone at an angle of at
nost 60[err] to the axis of the flanme. The angle is preferably at nopst
45[err] , nore preferably at nost 30[err]_,jgost preferably 10 in parallel
wth the axis of the flane. If the cooling gas is introduced beyond 60[err]

2 opart of thacLbare.undpragks Banueet kandr AGl iy e ehy col | sion
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over the initial raM/naterlgI. urt her, surface is

likely to increaggetachipemiBulky, substance. If the deposited substance
becones so thick, control of the tenperature for control of the shape of

the flame, tends 2@n @hee othldr Gialna, aFd thiee SRRt WJd1dwams, to be
stopped in a short period of time. The finer the powder, the higher such
tendency. Slicheseektisg3gas svppky hakeeaseeofegticr dépogitdon and
sintering and solidification of the powder tend to be
~accelerated.
By adjusting the superficial velocity to a level of
from 0.04 to 3.00 m/sec as suggested by the present
10 invention, deposition on the wall can be stabilized, and
a constant operation for a long period of time can be
made possible. Preferably, the superficial velocity is
from 1 to 2.5 m/sec.
Here, the superficial velocity is the velocity of
15 the gas flowing at the terminal end portion of the
cooling zone, which is calculated by the following
formulas @ and @.

Temperature correcting factor =

(cooling zone outlet temperature + 273)/273 @

20
Supérfiéial Veiocity (m/sec) =
(amount of gas in the system (nf/h)>< temperature
correcting factor)/(cooling zone opening area (m’) X
3600(sec/h)) @

25

In the cooling zone, spheroidized particles will be

subjected to cooling which starts from the forward end of



di sposed on the burner side than the forward end of the 25 flane in the

| ongi tudinal direction of the cooling tower, preferably by 2/3, nore
preferably by 1/2, of the length of the flane, on the burner side. Al ong

t he -9- circunferential direction of the cooling tower, the supply hol es
are di sposed so that the cooling gas flows ?%opg the inner wall of the
cooling tower and it surrounds the flane mﬁ out deviation. They may be 5

di d th t ed tsid t | t . 1/2 of th di f
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tenperature in t ng tower and to prevent convecti
conmbusti on forward end of the flame and becomes the minimum at the

5 terminal end of the cooling zone. Here, it is difficult
to determine accurately the superficial velocity other
than the terminal end of the cooling zone, since the
temperature and the gas flow are not stabilized in the
cooling process of the gas. With respect to the

10 superficial wvelocity at ﬁhe terminal end portion of the
cooling zone after the gas is sufficiently cooled, a
reliable value can be obtained. The temperature at this
terminal end portion of the cooling zone is measured
usual}y by a thermocouple thermometer, but other

15 temperature measuring means may also be used. The amount
of gas in the system can be calculated from the diameter
of the pipe by means of the following formula after
measuring the wind velocity and the temperature on the
down stream side where the temperature is low, for

20 example, on the outlet side of the sucfion blower for
discharging the gas, simultaneously.

Amount of gas in the system (Nm’/h) = (wind velocity
on the down stream side (m/sec) X opening area of the
pipe at the measuring portion (nﬁ)X 273)/ (the

25 temperature on the down stream side (Cy+ 273)

To meaéure thélWind Velocity and the temperatﬁre for

calculation of the amount of gas in the system, it is



gas of the burner flane in the cooling tower, and it flows snoothly to the
outlet direction and is discharged 15 fromthe outlet of the cooling tower
tto the direction of a scavenger such as a bag filter. It is preferred to
design so that the degree of opening of the inlets is adjustable to control
t he anmount of the cooling gas introduced,_m@grgby convection resulting from
ascending 20 of the conbustion gas can be controlled. This cooling gas

introd d, is effective also to reduce the wall tenperature, B whereb
 ncrease of deptRSiSTIEDIER (RN TRATHEL A FPRATE TS FRRGHISRS PP Eher
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preferred to carry out the measurements at a portion of
5 at least 100C.

Further, the amount of suction air is represented by
the difference between the amount of gas in the system
and the amount of gas formed by combustion.

Amount of suction air (Nm'/H)= amount of gas in the

10 system (Kmf/h)— amount of gas formed by combustion

(Nm’/h)

Further, in the case of a complete combustion
reaction of propane with oxygen, such a reagtion is
carried out in an oxygen excess state in many cases, and

15 the amount of gas formed by combustion can be obtained
from the amount of exhaust gas by theoretical combustion
and the amount of excess oxygen. Control of the
superficial'velocity is carried out by controlling the
amount of oxygen and the amount of the combustion gas and

20 controlling the opening degree of the outlet valve or the
rotational speed of the blower for a gas suction
apparatus disposed at the rear end portion of the
secondary recovery apparatus.

Further, the gas temperature at the terminal end

25 -portion of the cooling zone is preferably adjusted to a
level of at least 400°C. The internal temperature at the

terminal end portion of the cboling zone is represented



it disturbs the flame directly, thus leading to an operation trouble. The
cooling zone in terms of the present invention 5 is a portion corresponding
to a basically straight barrel portion of the cooling tower ranging from
the top of the cooling tower having the burner to a position where the
inclination of the cone portion for primaryj gecovery starts, as shown at 18
in Figure 1. On the inner wall at 10 this coollng zone, partlcles nel ted

by the flane ang, l\yafﬁ) eoaos%éed c}{é,c:aggtz%edre c?)%l)t en | a erte%i thltfc.%% t he

cool i ng ablllty of e cool i ng zone

Comper at ure of GTaem ace\@% lﬁ;nt P d nrg,].é@&e céﬂcé' Ses %R%hf% t he

tenperature of the 15 sur eposition layer Tncre

decrease in the cagdding Abidhd i dler Bor29QAH Wk z908 ﬁlﬂlﬁgﬁép%' tega po ot

di stance between the deposited powder and the flane. wder
left at a high tiempemidranha @& g Rartiad of ﬁn&%d&dﬁ@%é'éﬁ&%é\g 20

and solidification. The sintered and solidified deposition |ayer has
irregul aritbes contirtcd Isadt faceheMyatiio of the combustion gas to the
cooling gas introduced from the suction inlet, i.e. by
the amount of combustion gas and the suction force of the
gas suction apparatus.
In order to maintain the superficial velocity and
10 the terminal end temperature of the cooling zone properly
at the same time, not only the balance of the combustion
Qas and the cooling gas, but also the shape of the
cooiing zone is important. Namely, it is a cooling zone
haviqg a water-cooled wall, wherein the ratio of the
15 1length L of the cooling zone to the circle-assimilated
diameter D, i.e. L/D, is from 2 to 5. If L/D is less
than 2, the cooling effect tends to be inadequate, and
the outlet temperature of the cooling zone tends to rise,
and agglomeration of particles at the outlet portion
20 tends to be remarkable. On the other hand, if L/D
- exceeds 5, the difference between the maximum temperature
and the minimum temperature increases, and it becomes
difficult to form uniform deposition, and particles tend
to agglomerate at the high temperature portion, or
25 deposition at the lower portion tends not to proceed at

all. Preferably, L/D is from 3 to 4.

Now, an example in the case of silica will be



further accel erates deposition. Repeating such deposition, sintering and
solidification, the deposited |ayer continues to grow and | eads to cl oggi ng
of the 25 interior of the cooling zone, or clogging of the transporting
route of the power and inclusion of coarse particles, due to falling of the
sintered and solidified powder by its qowjegweight. If the deposition is
little, the inner wall at the cooling zone is left to stand directly at a

' b i, for. I . i od of _ti . o
mall e he conteserihed- SR Hetin e did elfi)c'ea?rﬁ%)w | : 'q”%@%ﬂ}%
f ' L i.ci zi f4i Na. - er. a
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the inner vall of fle cpel g L2elFavahiy bt Mo a0 m #0E ah "abBfage
present invention, 1n order to Solve such a
' particle size of at most 20 um, more preferably at most
5 75 pm with an average particle size of at most 10 m,
although various types may be employed. Specially, raw
‘material having an average particle size of at most 10
pm, is likely to scatter, and, in the absence of the
cooling gas of the present invention, it may scatter out
10 of the flame due to combustion of gas, melting tends to
be incomplete, and it tends to deposit on the inner wall
or the ceiling of the apparatus, whereby a continuous
operation tends to be difficult. Besides, the
temperature becomes unnecessarily high, whereby
15 agglomerated particles are likely to form, and the powder
characteristics will change. Accoxdiﬁgly, it is
lpafticularly effective to employ the apparatus and the
method of the present invention for the production.
The combustion gas to form the flame may be a gas
20 fuel such as a hydrocarbon gas such as acetylene,
ethylene, propane, butane, LPG or LNG, or a liquid fuel
such as kerosene o0il or heavy oil. As a combustion-
supporting gas, any one of oxygen, an oxygen rich cooling
gas or air may be employed.
25 The raw material silica powder may be dispersed in
either one or both of the combustion'gés and the

combustion-supporting gas, supplied into the combustion



probl em the superificial velocity of the gas flowing in the cooling zone
is adjusted to be fromO0.04 to 3.00 nm'sec, whereby control of the thickness
of the deposition 15 layer on the wall has been nade possible, and a
stabilized operation has been made possible. In the present invention, the
superficial velocity in the cooling zone Lsqfeant for the superficial
velocity at the terminal end portion of the cooling zone. If this 20

i Ci ' ' h .04 m . t tur. i ff
S‘J‘f’lerL'eC'c?LaYEﬁ%ﬁe&é@??%%Zesrcé&%Sﬂ&eoﬁgs?ﬁ'ﬁ%%?ﬁn%;%%aﬁ%ﬁﬁ 'rpear:r?f;??i on
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cooling {over. irub:dNCifbeidd1®:0 BN diditly LS 4P Nond LK @lndde
cooling zone initiating portion where the tenperatudre is higl, an 12
- fuel ejecting holes so that the fuel can be supplied at a
5 speed higher than a predetermined gas flow rate to
prevent back fire.

Amorphous raw material particles injected together
with the fuel or combustion-supporting gas from the
forward end of the burner into the flame, will be heated

10 in the flame and spheroidized with angular portions of
particles rounded by melting, softening or evaporation.
The.size of the flame, the temperature of the flame and
the residence time of the particles in the flame are
substantially influential over the degree of

15 spheroidizing, and they are required to be suitably
controlled depending upon the melting point, vapor
pressure and particle size of the raw material. If the
flame temperature is high,lthe thickening rate increases.
Therefore, the temperature is usually lower than 2000°C,

20 preferably lower than 2000°C and not lower than 1800°C,
more preferably lower than 2000°C and not lower than
1850°C. The particles after spheroidizing will be
transported under cooling together with a gas mixture
comprising the exhaust gas after combustion and the

25 cooling gas supplied from the inlets. They will be
collected by settlement by gravity, by an inertial dust

separator such as a cyclone,_pr by a bag filter, during



deposition of the powder tends to be little at the term nal end portion of
the cooling zone where the tenperature is low. On the other hand, if the
superficial velocity 5 exceeds 3.00 nisec, increase of the deposition and
sintering and solidification of the powder tend to be accel erated. By

adj usting the superficial velocity to a |lev of from0.04 to 3.00 nlsec as
suggested by the present 10 invention, depoSition on the wall can be 4
stabilized, and.a constant operation for a long period of tine can be nade
possi bl e. Pref ét¥bItFaSPOIEGE N cial velocity is froml to 2.5 m sec.

, th ficial l.qCi ' h | oCi f,,15 . th flow t
the term nal end pdiTin Bie FRSRasbI g Foe i S ST R  he
fol | owi ng 1 or M5 deeliderdd L8 by TRMSLAMUER,EONLEM 101 (A lricles

(cooling zone outlét tenmperature
represented by the ratio in the average particle size

5 Dbetween the raw material particles and the fused
particles. In a state where fusioh of particles to one.
another is wvigorous, the thickening rate of particles
shows a large value, thus leading to formation of fused
bloéks, clogging in the-s?stem due to sintéring of the

10 powdér deposited in the cooling tower, or deterioration
in the sphericity due to re-fusion of the fused
particles. In general, if the thickening rate of the
particles exceeds 3, i.e. if the size of fdormed particles
becomgs more than three times as compared with the raw

15 material particles, a constant operation tends to be
hardly continued, and the sphericity tends to be poor,
such being undesirable.

Now, the present invention will be described in
further detail with reference to Examples. However, it

20 should be understood thaﬁ the present invention is by no
means districted to such specific Examples.

EXAMPLE 1
A spheroidizing apparatus was prepared which
comprised a cooling tower 4 of wet wall water-cooling

25 type having water-spraying apparatus 13 therearound, a
burner 2 which was capable of injecting a powder of

inorganic raw material together with a flame to the



Superficial velocity (msec)= (amunt of gas in the system (nferr]/h)X
tenperature correcting factor)/(cooling zone opening area (nferr])X
3600(sec/h)) [err] 25 In the cooling zone, spheroidized particles will be
subj ected to cooling which starts fromthe forward end of - 13 - the
flame, and the tenperature becones |owest _at  the termnal end of the
cooling zone. The superficial velocity becoms the maximumin the vicinity
of the forward end ofd%pe flame and hecones,the mninumat the 5 term pal

end of the cool FHREEForRE Hef &5OR (OF LR f4PUART t PWRY erdided SEctfafEFy t he
super 1 oL 2 Vel Pel iy BLeT A e Stun Rek £ 0,05 €804 19, 2p0e, 91 nce
of the gas. VVtibééﬁggﬁéttéhérE%rrel portion of the cooling tower, which

were capable of introducing air at various angles to the

5 axis of the flame. The cooling tower was of a vertical

type with an inner diameter of 1.5 m and a length of 6

mm. To a wall surface of the cooling tower, no

refractory lining was applied, and it was made of a metal

of SUS316L.

10 At the lowest position of the water-cooling portion
of the cooling zone (at the terminal end of the cooling
zone), an apparatus 17 for measuring the temperature at
the center of the cooling tower was provided.

While supplying to the burner 20 Nm'/Hr of propane

15 gas and 100 Nm'/Hr of oxygen gas for combustion, 50 g/Hr
of silica powder having an average particle size (Dr) 14
um, was supplied. Simultaneously, blowers were
operated, and the exhaust gas valve was adjusted so that
air of 400 Nm'/Hr can be introduced from sixteen air

20 inlets 3 disposed equally on a circle at 1 m from the
burner on the top of the cooling tower, and the operation
was carried out. The air inlets 9 at the barrel portion

~ of the cooling tower were closed not to permit air to
enter therefrom. The superficial velocity at the

25 terminal end portion of the cooling zone at that time,

was calculated as described above, and was found to be

0.23 m/sec. From each of the lower portion 6 of the



10 superficial velocity at the termnal end portion of the cooling zone
after the gas is sufficiently cooled, a reliable value can be obtained. The
t‘enperature at this termnal end portion of the cooling zone is neasured
usual ly by a thernocoupl e thernoneter, but other 15 tenperature neasuring
means may al so be used. The anount of gas_i%Pthe system can be cal cul ated
fromthe dianmeter of the pipe by nmeans of the following forrmula after

where t e L empePaLifd QE" Qﬂst h%sﬁggéi?rg%éd She: %?% Stbetie Bt
S I n
The. systom (NTPREFLF BSOS ?E’Q' S, P07 eS0T,  prlRARY e 1

openi ng area ofjkha, pwa@rahpbhetﬂsaavékaaeé?a&tge1@W&q&blb% %%é)&bk@%.25

temperature on the down stream side err To measure the wi nd
vel ocity and tbeohappenBEYr Gabomesahieshat boA ehet kB idmRWAhgOragds i n the

system it is
5 (Df/Dr) was calculated. The thickening rate was constant
at a level of from 1.2 to 1.8 during the period of
operation. Further, on the third day of the operation,
the operation was once stopped, and the state of
deposition of'the particles on the inner wall of the

10 cooling tower was inspected. As a result, the thickness
of deposition of.particles was from about 10 to 20 mm,
and the deposited particles were readily disintegratable.
Thereafter, the operation was further continued for 7
days,_whereby spherical silica of constant quality was

15 obtained without necessity to change the operational _
conditions.

EXAMPLE 2
The operation was carried out in the same manner as
in Example 1 except that the air inlets 3 were closed,

20 and sixteen air inlets 9 were disposed at a heiéht of 1/2
of the length of the flame on the wall surface of the
cooling tower, and the introduction angle was adjusted to
30° to the axis of the flame. The superficial velocity
at the terminal endlportion of the cooling zone was 0.23

25 m/sec. The deposition state of the particles on the wall

surface was the same as in Example 1 except that the

portion above the inlets 9 became slightly thicker. The



- 14 - preferred to enploy a nmeasuring apparatus serving as both a w nd
meter and a thernoneter. Further, in a case where steamis contained in the
gas to be neasured, it is preferred to carry out the nmeasurenents at a
portion of 5 at |east 100 C. Further, the amount of suction air is
represented by the difference between the_aggugt of gas in the system and
the anobunt of gas forned by conbustion. Anpiunt of suction air (Nnferr]/H).=

anount of gas in the 10 system (Nnj.err h) - anpu of gas. fornmed by
Conbust | on°( i HSHeRE AR OF HhehGhiaired SPhERAE] StEhTRAes oS
reaction of prgfane mL}Dho gfn, such a reaction is carried out in an
oxygen excess ESQB%N ‘%;y'aSes, and 15 the anmount of gas forned by

conmbusti on can ifred fromthe anount of exhaust gas by theoretical
conbusti on and e anount of excess oxygen. Control of the superficial

velocity is carriedput o by SOMNA Qhdd NehfPfed out in the same manner as

5 in Example 2 except that the introduction angle of the
air inlets 9 was changed to 90° . The superficial
velocity at the terminal end portion of the cooling zone
was 0.23 m/sec. The deposition state of particles on the
wall surface upon expiration of 3 days éfter initiation

10 of the operatioﬁ was such that the deposition above the
inlets 9, particularly at corner portions, was as thick
as 40 mm. Further, the deposited material was
agglomerates harder than in Example 2. The thickening
rate_of the obtained spherical particles was from 2.5 to

15  3.5. |
EXAMPLE 4

The operation was carried out in the same manner as
in Example 1 except that using a cooling tower having an
internal diameter of 1 m and a length of 3 m, 3 Nm'/Hr of

20 propane gas, 15 Emf/Hr of oxygen gas and 10 kg/Hr of
silica powder were supplied, and the amount of air
introduced was 40 Nm’/h. The superficial velocity at the
terminal end portion of the cooling zone was 0.05 m/sec.
Deposition of particles on the wall surface upon

25 expiration of 3 days after initiation of the operation
was from 10 to 20 mm, and the deposited material was

feadily removable. The thickening rate of the obtained



anount of oxygen and the anmount of the conbustion.gas and 20 controlling

t he openi ng degree of the outlet valve or the rotational speed of the

bl ower for a gas suction apparatus disposed at the rear end portion of the
secondary recovery apparatus. Further, the gas tenperature at the term na
end 25 portion of the cooling zone is prefpyably adjusted to a level of at
| east 400[err]C. The internal tenperature at the termnal end portion of

t he cooling zone is.represente - 15 - Db he val ye neasured by a

t her nocoupl e iﬁggﬁféﬁagtp?ﬁglsgﬁFeWaFnéfﬁ@ érkegPign%of t he di aneter
correspondi ng Egﬁgpghrﬁle at the lower portion of the cooling zone, and the
tenperature at tFet of the cooling zone can be 5 controlled by the

Irﬁlt 'Gf 0}‘ ;hebCO”bU%ieoB .ar%ft’i%nt %s@&%?ﬂ%dg%%&i ’1};{ Qe ed i ?JQ:HL% tion
, 1.e. by the anount of conbustion gas and the suction force o he

in Example 1 except that using a cooling tower having an

5 inner diameter of 1 m and a length of 1.5 m, 20 Bmﬁ/Hr of
propane gas, 100 EmE/Hr of oxygen gas and 67 kg/Hr of
silica powder were supplied, and the amount of air
introduced was 1410 Nm'/Hr. The superficial velocity at
the terminal end portion of the cooling zone was 2.46

10 m/sec. Deposition of pérticles on the wall surface upon
expiration of 3 days after initiation of the operation
was from 70 to 120 mm, and the deposited material was
hard agglomerates; The thickening rate of the obtained
spherical particles was from 1.8 to 2.4.

15 EXAMPLE 6

The operation was carried out in the same manner as

in Example 1 except that using a cooling tower having an
inner diameter of 1 m and a length of 6 m, 10 Nm'/Hr of
propane gas, 50 me/Hr of oxygen gas and 33 kg/Hr of

20 silica powder were supplied, and the amount of air
introduced was 250 Nm'/Hr. The superficial velocity at
the terminal end portion of the cooling zone was 0.26
m/sec. Deposition of particles on the wall surface upon
expiration of 3 days after initiation of the operation

25 was from 10 to 20 mm, and the deposited material was
readily removable. The thickening rate of the obtained

spherical particles was from 1.7 to 2.2.



gas suction apparatus. In order to maintain the superficial velocity and 10
the termnal end tenperature of the cooling zone properly at the sanme tine,
not only the bal ance of the conmbustion gas and the cooling gas, but also
t he shape of the cooling zone is inportant. Nanely, it is a cooling zone

having a water-cooled wall, wherein the rati9 of the 15 length L of the
cooling zone to the circle-assim |l ated dianeter D, i.e. L/D is from2 to
5. If L/IDis | P%ﬁg}ﬁ? Eﬁg coaling effect tends to be inadequate, and
the outlet te (i 5@i#ng zone tends to rise, and aggl oneration

o k™ 7 D e B S Rt U R S 42
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of silica wll th@n the forward end of the flame in the cooling tower.
On the first day after initiation of the operation, hard
blocks started to be included in the product obtainable
from the lower portion of the cooling tower, and the
operation was'terminated, since foreign matters were
10 observed among them. As a result of inspection of the
interior of the cooling tower, deposition of hard
particles of about 100 mm was observed at a portion
corresponding to the height of the flame, and a part of
such qeposited particles was one fallen from the castable
15 surface. The thickening rate of the spherical particles
after removing blocks by sieving, was from 3.6 to 5.0.
COMPARATIVE EXAMPLE 2
The operation was carried out in the same manner as
in Comparative Example 1 exceﬁt that the air inlets 3 at
20 the top of the cooling tower were closed, and air inlets
9 at the barrel pbrtion of the cooling tower were
installed at a position 0.5 m below the forward end of
the flame so that they became 90° to the axis of the
flame. On 0.5 day after initiation of the operation,
25 hard blocks started to be included in the product

obtainable from the lower portion of the cooling tower,

and the operation was terminated, since foreign matters



16 - described. The particle size of silica raw material is usually at nost
200 [errfmwith an average particle size of at nost 40 [err]m preferably
at nost 100 [err]mwith an average particle size of at nost 20 [err]m nore
preferably at nost 5 75 [err]mw th an average particle size of at nost 10
m al t hough various types may be enpl oyed._ ?Qe0|ally, raw material having
an average particle size of at nost 10 [err is likely to scatter, and,

out 10 “of ¢ ﬁg f%%%goe%ﬁcéﬂf%é] it or Aad Besth Vtﬁ3>t Fppdas T T8
wppar at us. | wher Bl HEE I O S AT T I+ e B1oe et B¥rfes.
Lgftfﬁﬁgrgﬁgrﬁi‘gwe#{%%ﬁé R0 ARt RS Morrea i Al 6 ﬁ%nge
Accordingly, ithdfisht of the flame, and a part thereof was fallen, and a

5 part of the blocks was one fallen from the castable

surface. Foreign matters which appear to be castable,

were substantial, and therefore, the particle size was

not measured.

10 The thickening rate of particles was determined by
measuring the average particle size (Dr50) of the raw
material powder and the average particle size (Df50) of
the fused powder, by a laser method, and obtaining
(DfSQ/DrSO) from the measured values.

15 As described in the foregoing, by adopting the
construction of the present invention, the following
effects can be obtained.
® Deposition of powder on the wall is little, whereby
the operation can be carried out under a stabilized

20 condition for a long beriod of time.
® The cooling effect-is promoted, and the heat load dn
the burner can be increased.
® Back flow or convection of the flame can be prevented.
@ Adhesion of particles to one another is little,

25 whereby spherical particles with little thickening of the

particle size can be produced efficiently.



particularly effective to enploy the apparatus and the neth

present invention for the production. The conbustion gas to a“d
may be a gas 20 fuel such as a hydrocarbon gas such as acety
et hyl ene, propane, butane, LPG or LNG or a liquid fuel such
oil or heavy oil. As a conbustion- supporting gas, any one of oxygen
oxygen rich cooling gas or air may be enployed. 25 The ram/naterlal
silica powder may be dispersed in either one or both of the conbustion gas
and the conbusti on-support|i ng |gas supﬁli d {ntfo the ¢onbugtion - 17 -
flame together witth the gas frjom{hg burner in{et|{and|heatgd fof
spheroi di zi ng. The burner y |be of lan{in ermal nixing or dxterpal |nixiln
type so long as it has |fued ejlect{ndg hol es s {hat the fuel] can| be|supplied
at a 5 speed highgr thgn Eﬁpredetarnined as|{flowmrate to
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prevent back fire
t he fuel

i'nto the flanme, wll

. Anor phous raw materi al

be heated 10

angul ar portions of particles rounded by nelting,
the tenperature of the flanme and the residence tine

The size of the f

| ame,

particles injected together with

or conbustion-supporting gas fromthe forward end of the burner
in the flame and spheroidized with

sof teni ng or evaporati on.

of the particles in the flane are substantially influential over the degree
of 15 spheroidizing, and they are required to be suitably controlled

dependi ng upon|thel nelting poinf, vapor |pressure pnd partigle size of the
raw material. Iff the flame tegpgratyre iis higph, the thickering rate
i ncreases. Thenefope, the te atute i $ usually |ower thar 2000[err]C, 20
preferably | owgr tgan 2000 er ang nof |lower thpan 1B00[er|r] C, nore
preferably | owgr t 2000[ e ang not |owefy thpan 1B50[erir] C. The
particles after spkidoidizing8nmll be tianspofted|f under codling together
with a gas nlxtqrggﬁ@npr|3|ngf§ e ,exhgust gas| after cpmbustfion and the 25
cool i ng gas suppt-ed—f+rom-theinlets—They will b
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coll ected by settlenent by gravity,
by a bag filter,

cycl one, or

by an inerti al

transpor?;ffoz.epagmmmm

during

of fusion of the inorganic powder can be identified by the thi _
of the particles represented by the ratio in the average particle size 5

bet ween the raw materi al

particles and the fysed particles. In a state

where fusion of particles to one another is vigorous, the thickening rate
of particles shows a | arge vaIue,ghﬁgié#ﬁggkﬁﬁgﬁgéﬁgLnation of fused
bl ocks, clogging in the system du i he 10 powder deposited

in the coolingqtowsg I ' | 1, . '§@Hﬁ{i [ 1t Q re-fusion
of the fused palr't I C egg%a%%;tgﬁe%%? b:};&dﬁ%eltn{éﬁilc e arl{l;icﬁ é%lpgl%%‘lct%nle particles

exceeds 3, i.epdfrildigSige s%fpﬂlgfiqﬁd R latleeS

times as conpared wth thé raw'1

tends to be

5

10

15

20

25

material parti ce%%}%:it%o%gitei on
as to pass through a flame and injecting it into a
cooling tower, characterized in that the inner surface of
the codling tower is made of a.metal.

2. An apparatus which is a cooling tower to be used for
a method for producing-inorganic spherical particles,
which method comprises cooling a combustion gas
containing spherical particles while passing it through a
cooling zone in a cooling tower made of metal,
characterized in thét the ratio of the length L of the
cooling tower to the circle-assimilated diameter D, i.e.
L/D, is made to be from 2 to 5.

3. A method for producing inorganic spherical particles,
which comprises supplying a powder of raw material into a
flame in a cooling-tower having an inner wall made of a
metal, to produce the spherical particles, wherein a
cooling gas is introduced to surround the flame.

4. The method for producing inorgahic spherical
parficles according to Claim 3, wherein the cooling gas
is introduced between the flame and the wall of the
cooling tower at an angle of at most 60° to.the axis of
the flame.

5.. A method for producing inorganic spherical particles,
which comprises cooling a combustion gas containing

spherical particles while passing it through a cooling
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hardly continued, and the sphericity tends to be poor, such bef
undesirable. Now, the present invention will be described in f [mg IlmnHlm“l“‘
with reference to Exanpl es. However, it 20 should be understoo |
present invention is by no neans districted to such specific Exanpl es.

EXAMPLE 1 A spheroi di zi ng apparatus was prepgred which conprised a cooling
tower 4 of wet wall Water-cool ing 25 type having wat er-spraying appar at us

or gani o raw AR [ & SOATES TR TPt 6 ﬂéetecf'%e% %1 of the
E:ggl ?Lgt'?gwg?o'é Itﬂ\@' et sq'@alté)a{&ggﬁe t a%c%'gfrg)faé OQ{ o%gr%%e Tool i ng
tower, which V‘%rcﬁlf‘sac%@lt?o Ye IFPIP P YINGE LY. @S ny/%réco_us angl es to the

- 6. The method for producing inorganic spherical

5 particles according to Claim 3, wherein the inorganic

powder is silica.
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5 axis of the flame. The cooling tower was of a vertical type with an inner
dianeter of 1.5 mand a length of 6 nm To a wall surface of the cooling
tower, no refractory lining was applied, and it was nade of a netal of
SUS316L. 10 At the | owest position of the water-cooling portion of the
cooling zone (at the termnal end of the ¢ ing zone), an apparatus 17 for
nmeasuring the tenperature at the center of he coollng t ower was provi ded.
Wil e supplying to the burner SN 5 gas and 100 Nnferr]
/[ H of oxygen gas for conbust i“UH5E povler havi ng an

average particle sj éég%agé [gg{] &@élﬁ pgé Q?ngk bbﬁgﬁggily, bl ower s

wer e operated, and aus gas Poe ma air of 400

Nnferr]/Hr can ??th??%?ﬂditdgeggéﬁglﬁgxiéﬁ métérggl EHES& 3adbapaged sequal lhy

on a circle at etop o e co |ng tower, and t

operation was gar Ebegaggt thfsﬁgﬁ'é Eﬂéﬁésaﬁdain'ja@t!?ﬁ?r% BAELi @n of the
cooling tower were closed not To permt air to enter therefrom The

superficials vekeslilijigatolwBe, characterized in that the inner surface of

the cooling tower is made of a metal.
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25 termnal end portion of the cooling zone at that time, was cal cul ated
as described above, and was found te be '0.23 nisec. Fromeach of the |ower
portion 6 of the - 20 - cooling tower, the cyclone 7 and the bag filter
-8, fused particles for one hour, were collected, and they were m xed,

wher eupon the average particle size of the fused product (Df) was neasured,
and the thickening rate 5 (Df/Dr) was calcul ated. The thickening rate was
constant at a level of from1.2 to 1.8 during the period of operation.
Further, on the third day of the operation, the operati on was once stopped,
and the state of deposition of the particles on the inner wall of the 10
.cooling tower was inspected. As a result, the thickness of deposition of
particles was_fr 10 to 20 nm and the deposited particles were
readily dISI §§4ﬂ3§ﬁ§t Therjeafter, the operation was further continued
for 7

1 Q O~~4
14 ‘
O\
16
- 15

17

| THIS SHEET HAS BEEN
REFLACED

ThlS Sheet Has Been Re

Hlllll Ml II




days, whereby spherical silica of constant quality was 15 obtai ned wi t hout

carri ed out

Qecessity to change the operational coaditfons. EXAWPLE 2 The was
in the sanme nanner as in Exanple 1 except WEE@CW ISHEH ts 3
were cl osed, 20 and sixteen air inlets 9 were dispos L +-ght—off 1/ 2

of the length of the flanme on.the wall surface of the caolingsl \ﬂ%

the introduction angle was adjusted to 30[err] to the]aki§ »f ! I

The superficial velocity at the terninal‘eﬁd“portion bf |t he coo

was 0.23 25 nmisec. The deposition state of the partic
surface was the sane as in Exanple 1 except that the ¢

inlets 9 becane slightly thicker. The - 21 - thlckenlng rate of the
obt ai ned spherical particles WEETLELQFL THE JNVENTION

10

15

20

25

APPARATUS AND METHOD FOR PRODUCING INORGANIC SPHERICAL
PARTICLES
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to a method and an
apparatus for produ01ng inorganic spherical particles
from 1norgan1c raw material. Particularly, it relates to
a method and an apparatus for producing inorganic
spherical particles for a sealing material for
.semiconductors.
DISCUSSION OF BACKGROUND

A filler té be used as a sealing material for
semicoﬁductors, is required to be free from inclusion of
impurities and frea from agglomeration or adhesion of
particles and to have a stabilized surface condition.
Heretofore, as a method for producing inorganic spherical
particles such as sphefical_molten silica to b& used as a
sealing material for seﬁjconductors, a techniqua-has been
proposed, as disclosed for example in JP-A-62-241541 and
JP-62~241542, wherein an‘inorganic spherical powder
material is injected together with a gas flame into a
spheroidizing chamber and melted and spheroidized, and
then rapidly cooled in the connected cooling chamber by a
cooling gas blown thereto, to prevent fusion of '

particles. Namely, in the structure surrounding the
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EXAMPLE 3 The operation was carried out in the sanme
2 except that the introduction angle of: ttie air inlet
90[err] . The superficial velocity at the term nal en
cooling zone was 0.23 m sec. The deposition state of
surface upon expiration of 3 days after initiation 10
such that the deposition above the inri28s 9, particul

REP)

borti on of the

t i{fcBelgyridghe) wal |
)f the operati

CcoO

angedk

ner

portions, was as thick as 40 mm Further, the depositdd material was

aggl onerates harder than jn Fxanple 2 The thickening rate of the abtained
spherical part{cles|was from 2 5|to|l 15 3} 5. HXAMPLE 4 The dperatiof was
carried out in|the sang mapner| ag i h Exanplle 1 except that usinpg a ¢ooling
tower having ap interngy dijameter of 1lmpnd g lenpth of 3 nmy 3N é¢rr]/Hr
of 20 propanefgas, | 15/ Nm Hr of 4¢xypen|gabk land 10 g/ H |of sfilita ppwder
were supplied, |and {he[®moynt [of jait iptrpduced was 40 Nnferfr] {h, The
superficial velocity afanthe un = - N o| m
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end portion of the cooling zone was 0.05 nisecy
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mas~fron178 H@ﬁ ﬂ t he deposited material was hard agglonmerates.
The thicke obt ai I cles T
2.4. 15 EXA m quﬂﬁ !Jtlon S SHEETHASBEEN | the s wﬁ%ﬁl\!ﬁﬁﬂ

Exanpl e 1 except that using a cdol i ngRERMKEEDhavi ng an i nhel di amet er m
and a length of 6 m 10 Nnferr]/Hr of propane gas, 50 Nnfejr’ /3«N3y1§xw

gas and 33 kg/Hr of 20 silica powder.gere supplied, and{the anDunt of

i ntroduced was 250 Nnferr]/Hr. The superficial velocity at theTerm nal en
portion of the cooling zone was Q.26 msec. Deposition of particles on :
wal | surface upon expiration of gH@E&@£&FP&£Mﬂﬂ4ﬁiﬂlon dTlthe opergflonTﬁS
was from 10 t and osi t nat er,i was readi novabl e e
t hi ckeni ng ra?é EPSEFgPﬁeg pﬁEPﬁB&Fnﬁaﬁppfﬁéglﬁh§ 9517 to 2.2.

- 23 -

particles by supplying raw material through a burner so
as to pass through a flame and injecting it into a

5 cooling tower, characterized in that the inner surface of
the cooling tower is made of a metal.
2. An apparatus which is a cooling tower to be used for
a method for producing inorganic spherical particles,
which;ﬁethod comprises cooling a combustion gas

10~ containing spherical particles while passing it through a

'coéling zone in a cooling tower made of metal,
characterized in that the ratio of the length L of the
cooling tower to the circle-assimilated diameter D, i.e.
L/D, is made to be from 2 to 5.

15 3.. A method for producing inorganic spherical particles,
which comprises supplying a powder of raw material into a
flame in a cooling tower having an inner wall made of a
metal, to produce the spherical particles, wherein a
cooling gas is introduced to surround the flame.

20 4. The method fo: producing inbrganic spherical
particles according to Claim 3, wherein the cooling gas
is intrgduced'bétween the flame and'the wall of the
cooling tower at an angle of at most 60° to the axis of
the flame. .

25 5. A method for producing inorganic spherical particles,
which comprises cooling a combustion gas containing

spherical particles while passing it through a cooling

. This Sheet Has Been Reﬂlaced




COVPARATI VE EXAMPLE 1 The operation carried out in the same manner as
in Exanpl e 1 except that heat resistar=castable was applied for 50 nm on
the wall surface on the burner side 5 than the forward end of the flane in
the cooling tzues i tdwolingtrslder aldds Jhid imétan, ofhéheinpenati on, hard
bl ocks started to be included in the product obtainable fromthe |ower
portion of theupanticial ovelocind dhelpeayad i im ties ¢@ohimgt zone sisce
foreign matters were 10 observed anobng them As a result of inspection of
the interior aljuseedond iy fromwrQ. Mepgusili®h fseéard particles of about
100 mm was observed at a portion corresponding to the height of the flane,
and a part of6sudihelgphaddpamredusingsingrgdni ¢ spiienicahe castabl e 15
surface. _The thickening rate of the spherical particles after renoving

bl ocks bySsi RATELCIRS 3R ELNT thp LIRircGpAaereAn eSIRPLREODIAREC oper at i on
was carried out [n the s manner as in Conparative Exanple 1 except that
the air inI'et%°"§é%‘f ad sfﬁcﬁop of the cooling tower were closed, and air
inlets

. [REPLAGEMENT GHEET
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9 -at the barrel portion of th were installed at a position
0.5 mbelowthe forward end +ﬂ|ﬂﬂ ( Haﬂrﬁulhat they becanme 90 to the axis
of the flane. On 0.5 day after ImitLats ors of* t he operation, 25 hard bl ocks
started to be included in the product obtainablle fromthe | ower portion of
the cooling tower, and the operation was term nated, since foreign matters
_ 24 - were observed among them As azgesult of |nspection of the interior
of the cooling tower, hard bl ocks of <about .150 nm were deposited at a
portion correspondlng to the height of the flame, and a part thereof was
fallen, and ZoBepant aorophang| sewsrwmadenets al mekals owh?ﬁél§a§b&bl e
surface Foreign nmatters which appear to be castable, were substantial, and
therefore, tFHPBELAFiRe ¥PIECHEY A6t LhRagafedn RE?h68°ﬁéP9n58§§rPﬁg t he

t hi ckening rate of partigle
! 'ng adgusteg tolge %rom 0.04 to 3.00 m/sec.

6. The method for producing inorganic spherical
5 particles according to Claim 3, wherein the inorganic

. powder is silica.
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10° The thickening rate of particles was determ ned by neasuring the
_average particle size (Dr50) of the raw materd al powder and the average
particle size (Df50) of the fused powder, by a | aser nethod, and obtaining
(Df 50/ Dr50) fromthe neasured val ues. 15 As described in the
foregoing, by adopting the construction of the present invention, the
followi ng effects can be obtained. [engl. Deposition of powder on the wall
is little, whereby the operation can be carrled out under a stablllzed 20
condi t i APRARATUS AND M fOR F ) SPHERICAL: PAR

and the heat |oad on the burner can be |ncreased [err] Back rom1or
convection of the flanme can Qe on of particles to
one another is little, 25

t hi ckeni ng of t hwa&ﬂ&&&&g %f%%ﬂ@%&&éﬂi&' SPhé¥ical

particles by supplying raw material through a burner so

as to pass through a flame and injecting it into a
S cooling tower, characterized in that the inner surface of

the cooling tower is made of a metal.

Figure 1
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-25- [err] -26- [err] VWHAT IS CLAIMED IS: 1. A met hod for producing
ik norgani ¢ spherical particles, which conpfises supplying a powder of raw
materials into a flane in a cooling tower having an inner wall made of a
nmetal, to produce the spherical particles, wherein a cooling gas is

i ntroduced between the flame and the wall of the cooling tower at an angle
of at nost 60[err] to the axis of the_fjlane. 2. A net hod for producing

i norgani ¢ spherical particles, which cenprises cooling a conmbustion gas
contai ni ng spherical particles while passing it through a cooling zone in a
cool ing tower nmade

FIGURE |

17
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of 'a netal, wherein the s.uperfi-c,i'a'l ~vel oci ty of t ' i ng zone
s adjusted to be from0.04 to 3. 0b 'ni Sec. o Tmlmmll"““"m[mﬂ
. * < L L] - * .
\ . - 27 -
WHAT IS CLAIMED IS:
1. A method for producing inorganic spberical_particles, which
comprises supplying a powder of raw matérials into a flame in a
cooling tower having an inner wall made of a 'met'al, to produce
the spherical particles, wherein a cooling gas is introduced
between the flame and the wall of the céoling tower at an angle
of at most 60° to the axis of the flame. |
2. A method for producing inorganic spherical particles, which
compriseé cooling a combustion gas containing spherical particles
while passing it through a cooling zone in a cooling tower made
of a metal, wherein the superficial velocity of the gas in the

cooling zone is adjusted to be from 0.04 to 3.00 m/sec.
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APPARATUS AND METﬂOD FOR PRODUCING INORGANIC SPHERICAL
PARTICLES | |
ABSTRACT OF THE DISCLOSURE
An apparatus for producing inorganic spherical particles by
supplying raw material through a bufner so as to pass through a

flame and injecting it into a cooling tower, characterized in

that the inner surface of the cooling tower is made of a metal.

Figure 1




