1 [ DESCRI PTI ON] [ TI TLE.OF | NVENTI ON] METHOD FOR MANUFACTURI NG
| NORGANI C SPHERQ DI ZED PARTI CLES [ Techni cal Fi el d] 5[0001] The
present invention relates to a nethod for producing inorganic
spheroi di zed particles such as silica by nmeans of an oxygen burner.
This application clains priority on Japanese Patent Application No,
2008- 201302 filed on August 4, 2008, the content of which is
I ncorporated herein by 10reference. [Background Art] [0002] An
i norgani ¢ S[DESCRIBTION] particle is obtained by nelting a raw materi al
powder produced by crushing silica rock in high-tenperature flanme and

spheroi di zi [TITLROF INVENGYOIY] by its surface tension. For
exanpl e, highly-pure spheroidized silica that is obtained by using

silica rockyvasuen FOR VARUFACTURING BRONGARESSPIEROIIZED PARTICEEE
epoxy-sealing material of a sem conductor device, and a |lot of nerits

such as i Mﬁg fe:ldi ty of a sealing material, high filling anmount,
and inprocggga rgg#%gpresistance can be obtai ned by spheroidi zi ng.
201 n th% pg@&ﬁﬂt description, an inorganic spheroidized particle my
be sinply Cri bed as a spheroidized particle. [0003] As a

arti ol e, t hor e APEPENE AL AL mElet FRPRARfR SRRRLF HHPEd ¢ o
4, 25Because hi gh- er’rgf:ral;t ure flrama i s needed for the spheroidi zing
of raw mat é),a{tghe such as s111ca by means of an oxygen purmer.

This application claims priority on Japanese Patent Application No.
2008-201302 filed on August 4, 2008, the content of which is incorporated herein by
10  reference.
[Background Att)
[0002]
An inorganic spheroidized particle is obtained by melting a raw material powder
produced by crushing silica rock in high-temperature flame and spheroidizing this
15  powder by ifs surface tension.
For example, highly-pure spheroidized silica that is obtained by using silica rock
as a raw material is widely used as a filler for an epoxy-sealing material of a
semiconductor device, and a lot of merits such as improved fluidity of a sealing material,
high filling amount, and improved abrasion resistance can be obtained by spheroidizing.
20 In the present description, an inorganic spheroidized particle may be simply
described as a spheroidized particle.
[0003]
As a prior art regarding the production of an inorganic spheroidized particle,
there are the methods disclosed in Patent Literatures I to 4,

25 Because high-temperature flame is needed for the spheroidizing of raw material



2 powder, a burner of an exygen-gas conbustion systemis usually
used. Exanpl es of the burner include a prem xing type burner
and a diffusion type burner. In a prem xing type burner, oxygen and a
fuel gas are prelimnarily m xed and ejected to the conbustion pl ace.
Meanwhil e, in a diffusion type burner, oxygen and a 5 fuel gas are
separately ejected and nmxed at the cogbustion place. [0004]

The prem xing type burner is used in the nethod disclosed in Patent

Literature phwdehhbBmbivE a6 bkfod@ bolnbRRioR Yysisd isusualigaekdi N t he met hods
di sclosed i'n Patent Literatures 1, 3 and 4. 10The diffusion type

burner i ol oo g % kPt £kt ANERPEIY SRS
pi pe and t pt %aﬁ)ﬁ?ﬁ:ﬁng @ﬁ:?g@ﬂ%ﬁg&ﬁvggﬁg 'affgé*m%%dﬂé eﬂ‘miﬁ%"ilg'nﬁi'éd and

furnace, a sillicon raw na spoht aneousl'y or

of e our i<t HeBRRBuATHA, MR SIS ERRY i BB Rl £ P

made by .a fuel 15 gas omthe small, pippes and an oxygen gas fromthe
outor  biSpe 14 e S At aad bt el SPm Ry O D e body.

[ 0005] In the prem xing type burner disclosed in Patent
Literature [9904ﬂaw mat eri al powder, oxygen, and LPG are sufficiently
m xed in a burner, and the ragw majerial 20 powder is _supplied intg
flame made at t h&hePrEMBNETHRE @rusedrlnéheomfrtmaisﬁwsedﬁﬁe“g@aﬂwr@m 2,
disclosed in Patent Literatures 3 and 4 have the concentric quartet

pi pe st r uctwhile thadiffsiontype bumer isansest in she mehads diselased ipPatens Biteratmess dnb
conmbusti on chanber fromthe center using oxygen or an oxygen-enriched
air as a cand#er .gas, a fuel gas is supplied through the outer
circunference thereof, the primary oxygen 25 and the secondary oxygen
are sudplied t hr Bheghiffesiven thpertuimer disclbsed incPatentibiterateredehas the cermkptric 3 and
cooling water path is provided around the nost outer circunference to
t her eby codbulde pige irewhich a lot of shiall athas tre provided between thd imnartpipeaad theand 4
di scl ose an apparatus that uses such a diffusion type burner to
produce i n@u@apipe. STHiCHPhed is7iosediid & edreidal furnace, a silicon raw material is flowed

down spontaneously or flowed down with pressurization through the central pipe (inner

pipe) of the burner, and the raw material powder is supplied into flame made by a fuel
15  gas from the small pipes and an oxygen gas from the outer pipe to thereby produce a

melted silica spheroidized body.

[0005]

In the premixing type burner disclosed in Patent Literature 2, raw material
powder, oxygen, and LPG are sufficiently mixed in a bumer, and the raw material

20  powder is supplied into flame made at the end of the burner.

The diffusion type burners disclosed in Patent Literatures 3 and 4 have the
concentric quartet pipe structure in which a raw material powder is supphed into the
combustion chamber from the center using oxygen or an oxygen-enriched air as a carrier
gas, a fuel gas is supplied through the outer circumference thereof, the primary oxygen

25  and the secondary oxygen are supplied through the further outer circumference therzof,



5[ 0006] In the production apparatus of inorganic spheroidized
particles disclosed in Patent Literature 4, as shown in Fig. 6, a raw
mat eri al powder is cut off froma raw material feeder A and carried
to a burner B, together with a carrier gas that is supplied through a
carrier gas supply device N. Into the burner B, oxygen from an oxygen
10 supply equipnment C and a |iquefied @etrol eumgas (LPG froma LPG
supply equi pnent D are suppli ed. An exhaust gas contai ni ng

particles spRQp@lindiviked tphtﬂ if pr3diBed Aovidd iR thésE SlterfoitbiafeRnEe tBRIRb9 @AY
with air introduced info the bottom portion of the vertical furnace E

t hrough a F. and then the spheroidized particles are collected
by the follow ng cyclone G and 15bag filter H [C tation List]

noxar ned pat ent RASRcoa Hrorge r%#%ﬁ?‘%%‘%?f%#%%ﬁ@%ﬁélﬁfﬂems
P Ui . . f : on.
Fi st Publ | SR g Pumer o pod B8 RRGRRE IR ARIR e 5 )apanese
gagigtz 8- [80(%]31,491 25[ Patent Literature 4] 4 Japanese Patent No.

In the production apparatus of inorganic spheroidized particles disclosed in
Patent Literature 4, as shown in Fig. 6, a raw material powder is cut off from a raw
material feeder A and carried to a burner B, together with a carrier gas that is supplied
through a carrier gas supply device A’.  Into the burner B, oxygen from an oxygen
10  supply equipment C and a liquefied petroleum gas (LPG) from a LPG supply equipment
D are supplied,
An exhaust gas containing particles spheroidized in flame in a vertical furnace E
are cooled with air introduced into the bottom portion of the vertical furnace E through a
path F, and then the spheroidized particles are collected by the following cyclone G and
15 bag filter H.
[Citation List]
[Patent Literature]
[0007]
[Patent Literature 1]
20 Japanese Unexamined Patent Application, First Publication No. Sho 58-145613
[Patent Literature 2]
Japanese Unexamined Patent Application, First Publication No, Sho 62-241543
[Patent Literanure 3]
Japanese Patent No. 3,331,491

25  [Patent Literature 4]



[ Summary of Invention] [Technical Problen] [0008] 5The raw materi al
powder is heated and nelted in flanme by forced convective heat
transfer mainly due to the flame, and is spheroidized by its surface
t ensi on. In the diffusion type burners having the structure

di sclosed in Patent Literatures 3 and 4, the conbustion chanber is
provi ded, and the aggregation state of ,the produced inorganic
spheroi di zed particles is inproved in éonparison with the burner

di sclosed in 10Pg§%§%&,ﬁﬁg’gﬂggﬁs [ 0009] However, the

di ffusion type bu Isclosed’in Patent Literatures 3 and 4 have

the struct Lﬁsﬁ‘gﬁ‘@&ihwfﬁ%nzm y one raw material supply path: For this

reason, in se 0 ating a raw material powder with w de
particle 158 e.g‘i éﬂiti on obtained by ball mIll crushing using
this bur nefﬁeéw ep?&ﬂ n between fine particles or fusion between
fine and co[g{)@ﬁ particles occurs in the flane, there could be
observed a ation in which particle size distribution of the

charged raw materjal powder is, djfferent fromthat of the obtained
spher oi di zed par PR ’?ﬂtﬁiiLE‘{“.’de'rﬁ F%qd%ng;neitﬁ{ngﬁgprygor CARYECHYFe
spheroi di zed partjcle product having an_ optjmal 20 particle size

di stri but i dwatpensfersiply dps Withefamee tudds Smﬁglﬁﬁﬁbfit&#%gcea‘ﬁ%ﬁl%‘- raw

mat eri al powder of coarse particles should be spheroidized by nmeans
of -di fferent bur shediffasiontype burearshavingshe stuefaredisslosadtin Detent éfenatuzast
spheroi di zed particles should be mxed so as to obtain a product.

[ 0010] 25THuand 4athe otmstionhambes igprowdsd; atdtbesperegationstatensfraprodiceds
production nmethod by S which spheroidized particles having the

obj ecti ve prorpdintd spheroidzedipaticssisimpooved fmcompanidonaithakb Hynendiaclasedin one
burner wi thout causing a variation in a nmean particle dianeter of a
raw matier i Fatepolichestureddr i Ng t he process of granulation. [Solution to
Pr ebl eni

[0009] .
Howevey, the diffusion type burners disclosed in Patent Literatures 3 and 4 have
the structure containing only one raw material supply path,
For this reason, in the case of treating a raw material powder with wide particle
15  size distribution obtained by ball mill crushing using this bumner, since fusion between
fine particles ot fusion between fine and coarse particles oceurs in the flame, there could
be observed a situation in which particle size distribution of the charged raw material
powder is different from that of the obtained spheroidized particle product. -
Therefore, in order 1o obtain the spheroidized particle product having an optimal
20  particle size distribution, a raw material powder of fine particles and a raw materiat
powder of coarse particles should be spheroidized by means of different burners,
respectively, Then, the respective resultant spheroidized particles should be mixed so as
to obfain a product.
[0010]

25 Thus, an object of the present invention is to provide a production method by



5[ 0011] In order to achieve the aforenentioned objects, a first
aspect of the present invention is a nmethod for producing inorganic
spheroi di zed particles, including a step of producing the inorganic
spheroi di zed particles by nmeans of a diffusion type burner, wherein
10t he burner includes a first raw nmaterial supply path, a fuel supply
path, a raw material diffusion chanber,., a primry oxygen supply path,
a second raw material supply path, a sé€condary oxygen supply path,
and. a co ' hAEASht : el ' with a
ori o gal Is%&%%%ﬁ%r i fj:ﬁrncles having@h&GHéchive M@@ﬁhzé stIMRBh kathe

aw material efection holes of the first raw

5. ot or i al SR kel nE im0 N yeBbedn | a T BhiP el °

mat eri al suppl at h a fuel _gas i.s s |ied fromfuel gas

ej ection hoq?%ﬁ%&ﬂiﬁﬁ%ll?"&é‘?%"ﬁ‘ﬂ%%Pﬁ%ﬁf%%‘ﬁ%& on the outer

ci rcunf ereg:ge of tq,e raw material diffusion chanber to the conbustion
chanber pr doPHERR RE®REbnd of the raw material diffusion chamber in
a direction parallel to a central axis of the burner, 20an
oxygen-éont[ﬁé)an gas is supplied fromthe primary oxygen supply path
t hrough primary oxygen ejection holes that are opened on the side
surface of the CB}ﬁ'a@tt‘P enhicyn theiséorementignediobietsra Arplappact &5ia Presephy,

a fine powder is supplied with the carrier gas fromthe second raw
materi al supyntiorpisalmetioddorgioduniag insegenis spherordigedaartiplesdneludingmsteptfe s
that are opened on the side 25 surface of the conbustion chanber and
forned at tpedueing thednetganicspbernidined puticles hytmeaneof asliffusiondyne hasnegen
ejection holes in a direction parallel to the central axis of the
burner, andwherein an oxygen-containing gas is supplied fromthe
secondary oxygen supply path through the secondary oxygen ejection
hol es tlpat are ofhedesednclides afivel eavemateral eumply fate 2 fieelipplyi path, & hanber
and fornmed at the exit side in conparison with the second raw
Smaterial @ifGtal Goulioh Sambbd)R prhary oxygen sipplyieatt) & 860Ad raw A erial Supply t
is preferred to further include: a step of collecting coarse
particles %Xﬂlﬂ?%&rﬂ%ydi& n%?p’l?r?ﬂﬁ, B4 8 oA RtiorQaiB&t i Ng fine
particles Dy nmeans of a'bag filter, and it is preferred that a

vertical spher oi gdizakh8Rddr i MPFIRARGHBHRP EA Hhd frs{xB® material ejection

holes of the first raw material supply path provided at the center of the burper to the raw

15  materal diffusion chamber provided at the end of the first raw material supply path,

a fuel gas is supplied from fuel gas ejection holes of the fuel supply path
provided on the outer circumference of the raw material diffusion chamber to the
combustion chamber provided at the end of the raw material diffusion chamber in a
direction paralle] to a central axis of the bumer,

20 an oxygen-containing gas is supplied from the primary oxygen supply path
through primary oxygen ejection holes that are opened on the side surface of the
combustion chamber so as to form rotational flow,

a fine powder is supplied with the carrier gas from the second raw material
supply paih through the second raw material ejection holes that are opened on the side

25  surface of the combustion chamber and formed at the exit side in comparison with the



10 burner and the cyclone and the bag.filter be serially disposed at

t he downstream si de of the spheroidization furnace so as to

si mul t aneousl y produce inorgani c spheroidi zed particles having
different particle size distributions. [0013] In addition, in the
present invention, it is preferred to further include a step of 15
col l ecting the inorganic spheroidized ﬁarticles in one |unp by neans
of a bag filter, and it is preferred tHat a vertical spheroidization

furnace be GobpBRfetielichBlell i eo@hatle (924 chidal Alls SindhdROSRE At

t he downstr e spheroi di zati on furnace. second

aspect of the pr j | o is i ' Eghgy i di

palroti cl es obtai ng@@%{;efg %eé’ﬁﬂn%lb%g%f 1?%“&’9%({()&(}8%?‘%8&?%0 gaﬁg%:ndéggﬁg\?%qldi zed
articles cordib,ng to,th .1 LSt 8s t _of e esent 4 Nveption.
[ Advant agedTIEEt PRS0 Prben ook ERGR e Crehd ARG P B
resent invention iffusion type hurner is use& t her ef or e,
ook 11 dgembigin shither aiibpatlal B st 8 boomatties L beapopi 8 ¢ o a
first raw material 25 supply path, and a fine powder is supplied to a
second raw RuemA pigFuoakslsEy path, 7 Therefore, particles having a
smal | particle diameter can be sufficiently nelted in a region where
the tenper dPe¥2d of the flame outer circunference portion is |ow and
particles having a large particle diameter can be sufficiently nmelted
in a regi on wher B thépresashineentionrits preforded tof furthas inchide:arstapaf eollentings

hi gh. Al so, since the particles having a small 5particle dianeter
have not sabparsé pacticksbydheapeofaytions; and a dtep dfsolipoting filegartisles b peansioéa
particles fromthe second raw material supply path that enables an

i ncrease i vagiiftgreand ivia preféredehat amettitabsphatoididation furnakybeéquippedseith thet he
flame. On the other hand, since the particles having a | arge
particli® dibamei #id theselona hadthabdgdilier b serisllysdispiotedtaythe downssreposide bf e to
eject the particles fromthe second raw material 10 supply path that

enabl es a dle@gﬁsaaiaiziaﬁmﬂfuﬁﬂ@er 129 B siahltiBousiypebduct iBeeaEs sbtofdidey
di sperse in the flane,

particles having different particle size distributions,

[0013]
In addition, in the present invention, it is preferred to further include a step of
1S collecting the inorganic spheroidized particles in one lump by means of a bag filter, and
it is preferred that a vertical spheroidization furnace be equipped with the burner and the
bag filter be disposed at the downstream side of the spheroidization furnace.
A second aspect of the present invention is the inorganic spheroidized patticles
obtained by the method for producing inorganic spheroidized particles according to the
20 first aspect of the present invention.
[Advantageous Effects of Invention]
[0014]
According to the present invention, a diffusion type burner is used, and therefore,
backfire does not occur.  Moreaver, a coarse powder iy supplied to a first raw material

25  supply path, and a fine powder is supplied to a second raw material supply path,



[ 0015] Therefore, according to the production nethod of the present

I nvention, it is possible to spheroidize both particles having a

| arge particle dianeter and particles 15 having a snmall particle
dianeter while nearly maintaining the particle dianeter. Accordingly,
it is possible to produce spheroidized particle having a particle

di aneter or particle size distribution,corresponding to the raw

mat eri al supplied by nmeans one burner. '[Brief Description of

Drawi ngs] 2P{epd8] particles havih@la srhall farticl SAARME chE hSRER MR Imehtediy a
illustrating an exanple of a burner used in the present invention.
Fig. 2 1S SesicAGHBE I Srhplfanile @il flaths bifef il BmfRene ifRtrtls Rw shdour ner
used in the present 1 nvehtion, 25Fig. 3 1s a schematic configuration
diagramil | ' }gﬂﬁ ' ' J:

spheroi di z p%e??lhéclﬁ%gla?ée [ !nel @%&%gg@g&#ﬁqcﬁgﬁewﬁ%@& “Iglméef ﬁ’i S

a graph il ':giﬁ{:e&a :e%@(t)@ ﬂ'aﬁ!e%gﬁt;?;‘bggﬁah‘i‘?ﬂgi}iy]ﬁsé Lﬁ%ﬁ@ﬁ&i&&%&ﬂga small

vitrificati prim ygen seéondar y* oxygen 1

Ex | e. g FILO, B i . N | | ust i Lat.i

tho T1 o r deeielfiesiare hory it s B BB itpertih Tl BRI b st
d ' | e, Eig. 6,i . schemmat, .

corr o %, RPRR bR ol oS RS o vt

conventi onal i norgani¢ spheraoidi zed particles. [Description of

Enbodi ment @Pdfqﬁﬂ torily disperse in the flame.

On the other hand, sinee the particles having a large particle diameter have

satisfactory dispersibility, it is possible to fect the particles from the second raw material
10 supply path that enables a decrease in dispersion volume, and to satisfactorily disperse in

the flame.

[0015]

Therefore, according to the production method of the present invention, it is
possible to spheroidize both particles having a large particle diameter and particles
15  having a small particle diameter while nearly maintaining the particle diameter,
Accordingly, it is possible to produce spheroidized particle having a particle
diameter or particle size distribution corresponding to the raw material supplied by
means one burner.
[Brief Description of Drawings]
20 [0016]
Fig. 1 is a schematic sectional view illustrating an example of a burner used in
the present invention.
Fig. 2 is a schematic side view illustrating an example of & burner used in the
present invention,

25 Fig. 3 is a schematic configuration diagram illustrating a produetion apparatus of



10Fig. 1 and Fig, 2 illustrate an exanple of a burner for production
of inorganic spheroidized particles used in the present invention
(hereinafter may be sinply referred to as a burner). Fig. 1 is a
sectional view in which the burner is cut along the central axis
thereof. Fig. 2 is a side view when the burner is viewed fromthe end
side thereof, which illustrates only the ejection holes for raw

mat eri al powder, fuel, and oxygen. 15[@018] In these figures, the

ref erence sjgn represent i pi pe whose inside .
fonts the rlg%gﬁ‘é?ﬁ?ﬂdﬁ@agﬁ@eégﬁ\gﬂ%g{)%@g&%ﬁ&\%#ch a mxture of raw
mat eri al powder and,a carri.gr S 1S, supplied. a.carrier
gas, an oxygen-cgﬁ %\Fsrﬁﬁﬁphdg‘éstﬁ%ﬁ ?rrﬁlaﬁ?ff)%?f@@élﬂ%‘&w@?\ew&“% 20
vol % or nore such as oxygen, oxygen-enriched air having an oxygen
concent r at | 1BH0 SFPrIMRCY/e¥Y2sn ¥\ spennRAty g¥yesR P EBx@mpleeq. As the raw

mat eri al powder, _inorganic powder such as silicon oxide, alun num

oxi de, or gl ass, Fighdisfegrenhdllustravngrrelation besusen gheflomerateané the yETiticaHan o
with a corner, is used, 25Anong the raw materi al powder, a coarse
powder rlef eato efprimagoonygen sndhsegondary oxyeemingéxamplet i cl e di ameter, whose
mean particle dianmeter is 10 umor nore, while a fine powder refers
to a powder havi Rig, Gissrsahdmatiacorfigiuation diagram iljusintiing @ prosltetiopapparaient
dianeter is less than 10 pm [0019] This first raw materi al
supply pi peodventioratinofasid sphietdidiacdpanides. di ffusion plate 2 at the exit
end thereof, This powder diffusion plate 2 ejects the m xed powder of
the raw nat[gegcﬁbﬁmboamnﬁpe carrier gas so that it spreads
radially toward a burner exit direction. A plurality of first raw
materi-al ejggzion hole 3, 3, which are directed obliquely outward,
are formed on a circle at regular intervals. 10[ 0020] Qut si de
the firgt raw megier{ ald b RAIdtraR ah b@impi /e Bonidt RE phdhctioR bOMbERH.

concentrically, and the Space betweenthe raw material supply pipe 1

and the fugb@@%%@% wled 5 égxg%gmwﬂmﬁnm thagt Be sibBlyde@Red Ni S

fuel supply gas su
to asaburner). Fig. 1 is a sectional view in which the bumer is cut along the central

axjs thereof. Fig. 2 is a side view when the burner is viewed from the end side thereof]
which illustrates only the ejection holes for raw material powder, fuel, and oxygen.
15 [0018]

In these figures, the reference sign 1 represents a raw material supply pipe
whose inside forms the raw material supply path 1A through which e mixture of raw
material powder and a carrier gas is supplied.

As s carrier gas, an oxygen-containing gas having an oxygen concentration of

20 20 vol % or more such as oxygen, oxygen-enriched air having an oxygen concentration
of 20 vol % or maore, or air is used.

As the raw material powder, inorganic powder such as ‘siiicon oxide, aluminum
oxide, or glass, the particle morphology being 2 nonspherical shape with a corner, is
used,

25 Among the raw material powder, a coarse powder refers to a powder having &



liquefied petroleumgas (LPG is supplied. The_exit end of the fuel
supply path 4A 15fornms a plurality of fuel gas ejection holes 4B,
4B-, so that the fuel is ejected in a direction parallel to the
central axis of the burner. These plural fuel gas ejection holes 4B,
4B- are fornmed on a circle at regular intervals. [0021] Qutside the
fuel supply pipe 4, a primary oxygen supply pipe 5 is provided 20
concentrically, and the space between fhe fuel supply pipe 4 and the

Dr TR0y OG0 SRR ol tod SRl R 1010/ B ORI S

Thr ough t he ry oxygen supp an oxygen-contal ning gas

havi ng the oxygen.concent rati an of vol %.0r nor .QXxygen, an
oxygen- enr i Qﬂ’fégr refers tﬂ&\?f”ﬁser MY %éﬁpaggch%%%qx?tgrt ‘i‘@?ﬁqg g% E‘ﬁ%‘g? % or

nore or air,is sypplied., 25The exit end of the primary supply path SA
forms a pl ﬁ%‘?‘ﬁ%ﬁ“ﬁ%ﬁ oxygen 10 ejection holes 5B, 5B- and
exits of these_primary oxygen ejection holes 53, 5B- are opened
toward a cdf®¥dl axis of the burner, so that oxygen is ejected in a
direction vertical, to the central axis of the burner and a rotational
flow is ormed i hhisferastmeterd seaphnpine 1 & cawinpadivaid newden diisioaplate 2
5These plural primry oxygen ejection holes 53, 5B are forned on a
circle at rathelesit endfhereofal $his peidenidiffusion platedeaectsrthemixed powdeaof there
position different front that of the plurality of fuel ejection holes
48, 43-, i nawhmateriabistwelebaidixcrartsn gasesdjtisat & mpreddavadially tovesrd g baroer ekl es
43, 43-. [0022] 10Qutside the primary oxygen supply pipe 5, the
second raw difeéttni al phurglfty pf fiisewMatesiabejestion hale 8,Grcwhith aredirkoged and t he
space between the primary oxygen supply pipe 5 and the second raw

mat eri al  supRgvelPhdRard, droformedosodRRtt fegulatiategvalsal supply path GA.
The exit portion of the second raw material supply path 6A fornms a
pluralifgy qfesegcond raw material ejection holes 68, 6B-, so that a
raw material isS ejected in a direction 15 parallel to the central

axi s of the burngpside theﬁrstTﬂ@m@i&hﬁl?ri]ﬂegXaﬁfel §BH19MbesaNproWlgY | al

ej ection holes 68,63"" are forned circle at ‘regul ar intervals.
concentrically, and the space between the raw material supply pipe 1 and the fuel supply

pipe 4 forms a fuel supply path 4A, Through this fuel sapply path, a fuel gag such as a
liquefied petroleum gas (LPG) is supplied. The exit end of the fuel supply path 4A
15  forms a plurality of fuel gas ejection holes 4B, 4B+, so that the fuel is ejected in a
direction parallel to the central axis of the burner.  These plural fuel gas ejection holes
4B, 4B are formed on a circle at regular intervals,
[0021]
Outside the fuel supply pipe 4, a primary oxygen supply pipe 5 is provided
20  concentrically, and the space between the fuel supply pipe 4 and the primary oxygen
supply pipe 5 forms a primary oxygen supply path SA. Through the primary oxygen
supply path SA, an oxygen-containing gas having the oxygen concentration of 20 vol%
or mote such as oxygen, an oxygen-enriched air having the oxygen concentration of 20
vol% or more of air is supplied,

25 The exit end of the primary supply path SA forms a plurality of primary oxygen



[0023] CQutside the second raw material supply pipe 6, the secondary
oxygen supply 20 pipe 7 is provided concentrically, and the space

bet ween the second raw material supply pipe 6 and the secondary
oxygen supply pipe 7 fornms a secondary oxygen supply path 7A. This
secondary oxygen supply path 7A has a w der cross-section than the
primary oxygen supply path SA so that | ar ge anobunt of oxygen can be
supplied. The exit end of the secondarﬁjoxygen supply path 7A forns a

R T A Tt

secondary o on aclrcle 11 at

Lﬁgﬁéﬁr.h”hﬁﬂéﬁtawuﬁg e“°%%@§?%‘%§*>%%§%°@%eﬁ7 flogy> °1°
Contral - ai @b A a#eﬁea‘?"’s S8 sttt euane Prbe Eloedy mmh@a@n

supply pipe wal |, and a cooling water path 71

t hr ough \/\hl“(l}ﬁmg‘?iél G\@Eeé'gn%%w is fornmed inside the pipe to cool

t he burner itself. Furthernore, .the end portign of the burner
is dentéd in a nbhesapludl apmaiesyseseissirales §B "chTe thrEed o acifsiet
forns a conbustion chanber 8. 10ln other words, the inclined pip

wal | porti aegwdr intervals.cnt alse ﬂ@ppsedmle@tth@pea;mdlff%r@@dronyﬂl@mﬂbque| y
fanning the end portions of the secondary oxygen supply pipe 7, the
second r aw phatlity offuekajertivy hglegAB, @Ba,ndﬂtehmdciiebmguthe(qﬂmmtéw@ﬁley pi pe
5, and al so the bottom portion of the conbustion chanber 8

car r espondsjdetiorphctssl4BydBi.cal raw material diffusion chanber 9. The
raw mat eri al diffusion chanber 9 is fornmed by extension of 15 the
exit end pgogazpn of the raw material supply pipe 1 in a thin-walled
cylindrical formtoward the end portion of the burner in conparison

with thg powder gidside eiePrimphedx§geh su n{a) Bipk 56 §dosrdaw Sateinl sﬁ:}?ﬂy?@ﬂi cal

wal | surface of the conbustion cha . fuel gas ej ection es 48

413, DI | MOy pfaMBE BBl A o 05 Boti e 18660 RIS 20

ej ectl on hol e 63 6B- and secondary oxygen ej ectl on hoI es
t I I
G oot i on el 3B3ERE v matcrid BRiRb ¢ b YRUEL A RNl AT PARAR
b
o o P R B

secondary oxygen e ection t he

ggr ner in %a?w :%g.{gﬁﬁre'je%f’ ion 1‘{81%5*’513‘ Eﬁ %8 &gpgram%tm fe }e@!edfﬂ aenfi}eH?&l hol es

15  parallel to the central axs of the burner.
The plurality of second raw material ejection holes 6B, 6B+ are formed on 2
circle at regular intervals.
[0023]
Qutside the second raw material supply pipe 6, the secondary oxygen supply
20  pipe 7 is provided congentrically, and the space between the second raw material supply
pipe 6 and the secondary oxygen supply pipe 7 forms a secondary oxygen supply path
7A. This secondary oxygen supply path 7A has a wider cross-section than the primary
oxygen supply path 54 so that & large amount of oxygen can be supplied. The exit end
of the secondary oxygen supply path 7A forms a plurality of secondary oxygen ejection

25  holes 7B, 7B~ and these secondary oxygen ¢jection holes 7B, 7B+ are formed on a circle



12 [ 0026] In the burner for production of inorganic
spheroi di zed particles, that has such a structure, the end of the
first raw material supply path A is connected to the raw materi al
di ffiusion chanber 9 through the powder diffusion plate 2 having a
| ot of holes, 5 and the fuel gas supply path 4A provided on the outer
circunference of the first raw material supply path I A and the
primary oxygen supply path 5A provi dedlbn the outer circunference of

the fuel ga h HuSt | anber
5 whose o, B ol ifertl | T onRT BRReh BRI g 5 B H St U0
isradially_e ded nd thus. dispersibility of the raw mater.ial
AR R g e A R T
each having.,a different particle dj ter are supplied to the first
raw mat eri a‘#m&wa?ngg@ﬁfﬂcﬂmﬁaw H}.etﬁgg\‘fﬁ?fd raw materi al supply path
6A, it is possible to treat particles having a | arge nean particle

di amet er i ni0P3H regi on where a tenperature of the flanme center
portion is high and to treat particles having a snmall nean particle
di aneterSin the Ev&g@qynr,mmcen&rxm@*wnlw hepe thidkpins veall; end 2
15circunference portion is low, while efficiently dispersing the
particl es. dootgAyvatatnatiplrthiougheshittasdoling waterflayeisiermed pride thelpipeds conbt er
are dispersed conparatively easily and are therefore supplied from
the first rthewurndrétselfil supply path | A having a small dispersion area,
| ocated at the flanme center portion. The particles having a small 20
mean particl e di Bmdieefiorarthe ¢éndiportidaiof the Bunpeis dakd ina chosttirshireakaf or e
supplied into the flane fromthe second raw material supply path 6A
havi ng a | arges e, 200 thy et forkit@lcoRPustioh chandber Srat eri al powder can
be efficiently dispersed into the flane. Therefore, in the
presentig nvent i Of othdr wobdsPi@& Bicited pip? wallgRkiohdehe JbthhielifbchBR¥drads a

| arge nmean particle dianmeter and the particles having a snmall nean

particle d ic@ﬁﬁhﬁ% tgg Obgq‘igeﬁ fobrig tHR-en@PorABS df‘ﬂi@s@%oﬁ&eﬁy Bﬁgﬁ;@ﬁpgﬁrﬁﬁm

13 [0028] _ _ ustrates an exanple of a pro
P anti on, te de AR nerR bR fine 8 indE b RR Suiel fis, RAE AR e

bottom portion of the combustion chamber 8 corresponds to a cylindrical raw material

diffusion chamber 9. The raw material diffusion chamber 9 is formed by extension of
15  the exit end portion of the raw material supply pipe 1 in a thin-walled cylindrical form
toward the end portion of the burmner in comparison with the powder diffusion plate 2.
[0025]
Furthermore, on the conical wall surface of the combustion chamber 8, fuel gas
efection holes 4B, 4B+, primary oXxygen ejection holes 5B, 5B+, second raw material
20  ejection hole 6B, 6B'- and secondary oxygen cjection holes 7B, 7B are respectively
opened.
Moreover, the above second raw material ejection holes 6B are opened af the
and side of the bumer in comparison with the primary oxygen ejection holes 5B, while
the above secondary oxygen ejection holes 7B are opened at the end side of the bumer in

25 comparison with the second raw material ejection holes 6B,



‘spheroi di zati on furnace. This spheroidization furnace 11 i's a
cylindrical vertical 5 furnace and is equipped vertically with the
above burner 12 at the ceiling portion so that the end side faces
i nside the furnace. In the vicinity of the bottom portion of
the spheroidization furnace 11, an air intake port 13 is forned,
whereby, cooling air is introduced into the furnace fromthe inlet
t hereby reducing the tenperature of a Ebnbustion gas to be

di schar ged. qbg 0029] In the vicinity of the bottom portion of the
spheroidiza‘ furnace 11 a conbusti on gas discharge exit 14 is

formed; whereby r odu hero dized jgeles are transported
to a combustion éﬂ@e% éPfﬁ %‘Jl{‘ﬁéﬂn‘i%g géﬂh?@’ﬁ‘ﬁé‘aﬁﬁr # of
a cyclone 17 through a duct 15 and a danper 16. 15The duct 15 is
connect ed 't %sruamﬁlp e&@oah@f%r%wmabwpplu@aﬂrﬁ&xﬁ eempeafedta thefraw he
danper 16, and this duct 18 is connected to the inlet of a bag filter
19. [0030] materidl diffagion chanbend thagugh thenerdensiiffissionplgte2 havii}g@sle@fgnlei,he
way and, by appropriately intaking air into the duct 18 through
t he port5 20eandttiecfuel@apsipplypath 486 prodddd omitheoniteg agadifefehewf thg first ravhe duct
18 can be adjusted by |owering. Moreover, a duct 21 is

connect ed tmaterdet swpplyt patf 1A brel thy primare odygen mq:pl;.rpam SApbviddd ongheauterect ed
to an inlet of the bag filter 19 through a danper 22. [0031] 14 to a

first raw ngegmfepdned eRHefuePds supplyifat 44 48 bpenaimovatdthé eimbusibaehads a
raw material powder in the formof coarse particles with a nean

particle di pRiseExiPideldnRetie@ito tHeefd 6FtRe BERESR sBfifly Patksds fadRlly Bsandedom
a carrier gas supply source 24 is transferred and then a

predet er m ngd 120 RIBrsi Bl Paofru?evrawa%nmmmM% HuSneb ﬂﬁﬂéi&%ﬁx@%&t o this

carrier gas and 5 transterred to thefirst raw material supply path
11 i v i %va‘éfﬁ%&i@hﬂ%ﬁ% Ao
or el Lver R AR AR B Nens BV BlliShy bl
control devélA, it m( Fo%gxblg to ?%Qt particles having a large mean particle diameter in the region
where a temperature of the flame center portion is high and to treat particles having a
small mean particle diametsr in the region where a femperature of the flame outer
15  circumference portion is low, while efficiently dispersing the particles.
[0027]
The particles having a large mean particle diameter are dispersed comparatively
easily and are therefore supplied from the first raw material supply path 1A having a
small dispersion area, located at the flame center portion.  The particles having a small
20  mean particle diameter are not easily dispersed, and are therefore supplied into the flame
from the second raw rnaterial supply path 6A having a large dispersion area. Thereby,
the raw material powder can be efficiently dispersed into the flame,
Therefore, in the present invention, it is possible to treat the particles having a

large mean particle diameter and the particles having a small mean particle diameter ata

25  time in an optimum state in one burner.



10As thé carrier gas, an oxygen-containing gas having the oxygen
concentration of 20 vol % or nore such as oxygen, oxygen-enriched air
or air is used. The carrier gas supply source 24 is also

equi pped with a flow regul ating valve for delivering a predeterm ned
anount of a carrier gas to a first raw material feeder 23 and a
second raw material feeder 25, respectively, in response to a carrier
gas supply 15 anount control signal frBma control device (not

shown) . [00@6% A second raw material supply pipe (not shown) is
connected t ﬂe second raw material supply path 6A of the burner 2,
and this second raw, material supgl [ i,s connected to.the second
raw material feedt 3 BHstges qnﬁéa"gﬁﬁéﬁfgmg‘ﬁw‘%?@ﬁa O} ‘Bargaye §§x§m}f
raw nmaterial powder_.in the formof fine particles with,a nean
particle diRAAGsMESYIn theguesent inyent imphicH e wiagencasign Kl deneter o gas
fromthe carrier gas supply source 24 is transferred, and then a

pr edet er i rpliereidization fymaea e Thiswphesridieation fysacad f is ascylindgisalysrticald t o
this carrier gas and transferred to the second raw material supply
path 6A Sof fumecerudhissquippechveniagty with thetsbons bumep hdjat thepciling pertion s@ggm y
pi pe. 25The second raw material feeder 25 is also equipped with a
del i very syth¢ emhsiderfaced insidetHeifwmadeng a predet er mi ned anount of a raw
mat eri al powder in response to raw naterial powder supply anount
control signal fhohe eicindtnof e betewi pretidosfthesphasoifizati R Rhce Al f anedir
supply pipe (not shown) is connected to the fuel supply path 4A of
the 5 burnehtale pomd 3tib foiméd) dhesbip Rblinglafrés infodwatianticfuinacefrdmidle gas
supply source 26. The fuel gas supply source 26 is allowed to store a
fuel gas suygldt tBsely delstial th@EmparhR P FbEBStioA-Eho BY disthheilef | ed
natural gas (LNG therein, that are to be delivered, and a

pr edet grgm @%ﬁnnunt of the fuel gas is transferred to the fuel
supply path 4A"of the burner 2 through the above fuel gas supply

i pe. 10The f uel . ' - [
g Iyg te em for ederﬁvgﬁgﬁgﬁgbéﬁ%%ognﬁn@}%ﬁ%ﬁ? &gﬁﬁgxﬁoh(%cggh’:a\r/\er d
esponse ¢ ofpieh oA RARPLY: ATPRIhed RLESY e bbbt LR Ao LRl

device (not™'s
are transported to a combustion gas, discharged and then transferred to the inlet of

cyclone 17 through a duet 15 and a damper 16.
15 The duct 15 is connected to-a duct 18 and branched at the upstream side of the
damper 16, and this duct 18 is connected to the inlet of a bag filter 19.
[0030]
In the duct 18, an air intake port 20 is disposed on the way and, by appropriately
intaking air into the duct 18 through the port 20, the temperature of combustion gas
20 flowing in the duct 1§ can be adjusted by lowering,
Moreover, a duct 21 is connected to the exit of the cyclone 17 and this duct 21 is
connected to an inlet of the bag filter 19 through a damper 22,
[0031]
The first raw material supply pipe (not shown) is connected to the first raw

25  material supply path 1A of a burner 2 and this first raw material supply pipe is connected



A primary oxygen supply pipe (not shown) is connected to the primary

oxygen 15 supply path 5A of the burner 2, and this primary oxygen
supply pipe is connected to a primary oxygen supply source 27. The
primary oxygen supply source 27 is allowed to store an
oxygen-contai ning gas therein, that are to be delivered, and a
predet erm ned anmount of the oxygen-containing gas is transferred to
the primary oxygen supply path 5A of te burner 2 t hrough t he above
primary oxy. i .Th i I 27 is
Bt ppod w B B BF PP Eeera T Beigiab KON RHOR, b ER 2T D
of an oxygen-contaj nin as_in response to a I ar uppl y
amount  contRScLmIRE o oEfhine ButitFO MRS mr et Sty 1 i gt

A secondary o0x n suppl. i pe (not, shown).is coppected tq t
Secondary a8 SHGHE ant & it ghe Bin s AT oo ADILSOMGH Zs gperto dpd Then o
secondary oxygen supply pipe is 16 conpected to secondary oxygen
suppl y sourR®f Wm&mew&aﬁﬁwwﬁe@w@eﬁm&w@aﬁf’e&u@ﬁmﬁf 355] “F’éwed to
store the above oxygen-containing gas therein, that are to be

del i ver &4, tmefeaeqaﬁoébreﬁréﬂﬁwmr@ﬁmpm@th 1408 n2 thenveh theiaheyedhs i s
transferred to the secondary oxygen supply path 7A of the burner 2

t hr ough t heawimsteriabswplydépey oxygen 5 supply pipe. - The secondary
oxygen supply source 28 is also equi pped with a delivery system for
del i vering a pr elh¢ frstiananataiabfender 83 isequippedgeth odeliveay syste Has i n
response to a secondary oxygen supply anmount control signal froma
control dewetiezringatpreafsemihed dniounSofalrsw natesisl powdertih adspdrbetoprrawar y
oxygen supply source 27 is integrated with 10 the secondary oxygen
supply sourgserdpsvider tsxh%ly drhoRel dhes! staslfen A Sonfrbidevide thotwHotlvn), wo
delivery systens, and then an oxygen-containing gas is separately

delivergd to a DAk {MermroXYEOH ogygmlcﬁnﬁina% gﬂé‘ﬁhvﬁlgwg@{dén&hﬁﬂﬁ)ﬁ of
supply pipe fromeach delrvery system and a predeterm ned anmount of

the Oxygeng@%ﬁ% 'Bﬁsgaﬁasioﬁygeﬁ,%&?gégteﬁﬁbaea%&raphikad;sfdo the prinary
oxygen supply path 5A and the secohdary oxygen supply path 7A of the

burner 152. [00 | ""zaén(‘fr 52‘;@?@, Bk deSlais AL SRl ﬂ@ivgerﬁeﬂﬂ&éém

met hod of spher oi €S usli ng suc produc appar at us
wi Il be d e%&rc{eﬂ%%ing a predetermined amount of a carrier gas to a first raw material feeder 23

and a second raw material feeder 23, respectively, in response to a carrier gas supply
15  amount control signal from a confrol device (not shown).
[0032]

A second raw material supply pipe (not shown) is connected 1o the second raw
material supply path 6A of the burner 2, and this second raw material supply pipe is
connected to the second raw material feeder 25,  In the second raw material feeder 25, a

20  rawmaterial powder in the form of fine particles with a mean particle diameter of less
than 10 um is stored and a cartier gas from the cartier gas supply source 24 is transferred,
and then a predetermined amount of the raw material powder is transported to this carrier
gas and {ransferred to the second raw material supply path 6A of the burner 2 through the
above second raw material supply pipe.

25 The second raw material feeder 25 is also equipped with a delivery system for



Froma first raw material feeder 23, a coarse powder having a nean
particle 20 diameter of 10 umor nore is transferred to a first raw
mat erial supply path A of a burner 12, and then ejected toward a
conmbustion chanber 8 front first raw material ejection holes 3
through a raw material difffision chanber 9. Froma second raw
material feeder 25, a fine powder havi a nmean particle dianmeter of
| ess than 10 pmis transferred to a setond raw material supply path

6A of a bur , gm j Qég%r j gar - 8
froma seco&r??}g?rgn%a te?ﬂﬁ%ﬁ@ﬁ@%rﬁg% &“?%%%H&&he&?gﬁamthre
reason why t Ls t j owder is

di vi ded by é‘ﬂ@eﬁ%ﬁﬁg’é’é@ﬁ?&? @?ﬂ%‘g%le? ar ar(}? nﬁ@‘ﬁaﬁgé@éfs%\gp. the raw

mat eri al po&ﬁfj havi ng the nean panicle dianmeter of |less than 10 um
has char act tics such as poor dispersibility. 5[0037] A

predeterm ned a of .an o n- cant ai nin as. i.s fed i.n

primary oxygen g%éﬁuwﬂpﬁéggﬁﬂ lgwﬁﬁﬁf@%&ﬂémgwbﬁ{feﬁﬁ?‘ﬁ 7A
of a burner, 12, respectively, .froma prjnary oxygen supply squrgce 27
and a sécorhywy?-aa@%ﬁ:@la syplgedm@egé w&féelﬁﬁ%ﬁpgrﬁ%d%t ot el
conbusti on chanmber 8 through primary oxygen 10 ejection holes 5B and
secondary ds§gpalyspaice 2o aﬁ@‘fi@sﬁ) wtgre afuefgagiitich pvd L@Sﬁmgﬂlﬁ“@ﬂﬁa f uel
gas is fed into a fuel supply path 4A of a burner 12 froma fuel gas
suppl y sour(EBGPe:;a liguefiednatral jgasLNE) thevaim, dhag atg smbadelivased, exdber 8

t hrough fuel gas ejection holes 4B. [0038] 15Two kinds of raw
material ponelietesniseddmomofthe fieldias sarapsferrgsip thedliad sufiplymatheta ofthet ed

into the flame are respectively nelted by heating in a central region
at a high thamee? dtreugh tierdownfue gessugdplypigi on at a | ow tenperature and
t hen spheroidized to give spheroidized particles each having a

differemgt particlie flelaaengply shlress is pquipped dithedlelivery systemdoradetivering
transferred to a cyclone 17 froma conbustion 20 gas di scharge exit

14 of a sphsdefintiatd aontsNARE ghdintrEipong fo ffEleb sibplyantbust cdargler 16
while floating on a gas of a conbustion gas produced froma burner 2

and ai r to sp@allfinf HebHEBddv @ Mo shoRn]. | Ntake port 13. By mxing the
conbustion gas with air, the tenperature of the gas to be introduced

into the CB[Ed qre 17 decrease to reach the tenperature suited for
col l ection oTj he particles in the cyclone 17,

A primary oxygen supply pipe (not shown) is connected to the primary oxygen

15 supply path 5A of the bumner 2, and this primary oxygen supply pipe is connected fo a
primary oxygen supply source 27. The primary oxygen supply source 27 is allowed to
store an oxygen-containing gas therein, that are to be delivered, and a predetermined
armount of the oxygen-containing gas is transferred to the primary oxygen supply path SA
of the bumer 2 through the above primary oxygen supply pipe.

20 The primary oxygen supply source 27 is equipped with a delivery system for
delivering a predetetmined amount of an oxygen-containing gas in responss to a primary
oxygen supply amount control signal from a control device (not shown).

[0035]
A secondary oxygen supply pipe (not shown) is connected to the secondary

25  oxygen supply path 7A of the bumer 2, and this secondary oxygen supply pipe is



25 10039] 18 I'n the cyclone 17, anong the spheroidized = |
particles floating in the gas, only spheroidized particles in the
form of coarse particles are collected. The gas discharged fromthe
cyclone 17 is transferred to a bag filter 19 through a duct 21, where
spheroi di zed particles in the forrmof mcrospheres anpng the
spheroi di zed particles are 5coll ected. £0040] | f necessary, the
danper 16 of the duct 15 is cl osed, andd a gas is allowed to flow in

ki ng 1t peBpitpdofse by ohfeB Sl Blet & e BAnde pborsonth "1
Pover ed. - 1R i SR e P SmiorV e Sefzes HltelnEriR e s
froman air intaegort 20. ossible to effici

, [t .S nt |
obtai n sphelO e S 8 arFEAmacd FRAP R T e gy PO RS et i ronsfpegfp the
nearly agrees wth that of a raw material powder, by using the above
oper ati on affd° %EWPHIQPaﬁgAPEE‘ﬁM '%{Q'B‘Ghlﬂ"F ap@yespsndarpexygen

speci fic_exanpl es are described. (Exanple 1) Usi ng t he
product ion @PPAMPIEus of i norgani c spheroidized particles shown in
Fig. 20 3, spheroidized particles were produced. As the entire

raw mat eri al powdée secandary 4xygensopelp sounse 230s Moy dquipned wittamdabivery eystan t h
oxygen at 7,5 NnB/h as a carrier gas. As a fuel gas, LPG at 5 NnmB/h
was suppl i efitr deiveritga predetarmined pgemt ofant oxy genFognigning ganinirespedst tood
oxygen at 20 NnB/h was dividedly introduced into a burner 12 to
produce sphetaidasynegsepantply iresunt conctol dymal Fors pbemel dévica {hod Bhoddh).
t hroughput capacity that achieves a vitrification ratio of 98% or
nmore was det er i Reglalso possible that the primary oxygen supply source 27 is integrated with
10  the secondary oxygen supply source 28 and the integrated source is provided with two
delivery systerns, and then an oxygen-containing gas is separately delivered 1o a primary
oxygen supply pipe and a secondary oxygen supply pipe from each delivery system and a
predetermined amount of the oxygen-containing gas is respectively supplied to the
primary oxygen supply path SA and the secondary oxygen supply path 7A of the burner
15 2,
[0036]
Hereinafter, an example of a production method of spheroidized particles using
such a preduction apparatus will be described.
From a first raw material feeder 23, a coarse powder having a mean particle
20  diameter of 10 m or more is transferred to a first raw material supply path 14 of &
burner 12, and then ejected toward z combustion chamber 8 from first raw material
ejection holes 3 through a raw material diffusion chamber 9,  From a second raw
material feeder 25, a fine powder having a mean particle diameter of less than 10 pm is

transferred to a second raw material supply path 6A. of a burnier 12, and then ejected

25 toward 2 combustion chamber 8 from a second raw material ejection hole 6B.



19 [0042] At this tine, each proportion of oxygen to be
supplied to the above primary oxygen ejection holes 5B (primary
oxygen) and the secondary oxygen ejection holes 7B (secondary oxygen)
was changed within a range fromO to 100% (primary oxygen) and a 5
range from 100 to 0% (secondary oxygen), according to the particle
size of the raw material powder, and thus studying the condition that
can achieve the vitrification ratio of 188% or nore. The

results of the t : 2 , an
particle dianet eﬁ%@rﬁﬁgﬁhﬂgﬁﬁgﬁpﬁﬁ%&@%gﬁ\qg%& e@é&% |‘€1dgep§ mean
particle di t f 2 pm re sh In_Ei 4 Fig..5 and, Table 1.
In the cas e&gﬁe‘ﬁ%ﬁ? fnﬁa:? Paﬁég? @Wﬁﬁﬁ%ﬁﬁgp'ﬁg\?ﬁaraﬁv ’H%tg?fﬂ BAWGET pgvAnE
di aneter of ,30 gm the.ra eri,al .powder ,.was ejected through the
lrot 1o it DRl e el R iesh g0 1 e RS 5B A 19 (he 1 aw
mat eri al haying,a,mean particle dianeter of 2 pm the raw materi al
powder was ‘BTRQ bilipy hrough the second raw material ejection holes 6B.
15The raw material having a nean particle dianmeter of 30 pm was
col | ect et HP03He cyclone 17, while the raw material having a nean
particle dianeter of 2 gin was collected by the bag filter 19 w t hout
t hrough the cycl Arpgeditermined amount ¢ian oxpgepaontaining\gas is fadinto pprimaryar t |
spheroi di zed particles were produced under the above condition using
t he sane t yppeasupilnpathBAtané a sevondggnoxygeresupply abth §Ahdrburderzlds i on 20
apparatus described in Patent Literature 3. 20 [0043] [Table 1]
Mean parti abspectivalypiret agtinaeywexygdnenpmy squoneddrand Assadbndatynoxydenfopplar y
oxygen Ni :

source 28, and then ejected toward a combustion chamber 8 through primary oxygen

10 gjection holes 5B and secondary oxygen gjection holes 78,

A predetermined amount of a filel gas is fed into a fiel supply path 4A. of a
burner 12 from a fuel gas supply source 26, and then ejected toward a combustion
chamber & through fuel gas ejection holes 4B. -

[0038]

15 Two kinds of raw material powders each having 4 different particle diameter
gjected into the flame are respectively melted by heating in a central region at a high
temperature az;d an outside region at a low temperature and then spheroidized to give
spheroidized particles each having a different particle diameter.

These spheroidized particles are transferred to a eyclone 17 from a combustion

20  gas discharpe exit 14 of 2 spheroidization furnace 11 through a duct 15 and a damper 16
while floating on a gas of a combustion gas produced from a burner 2 and air to be
introduced from an air intake port 13. By mixing the combustion gas with air, the
temperature of the gas to be introduced into the 'cyclone 17 decrease to reach the

temperature suited for collection of the particles in the cyclone 17,

55 [0039)]



"AA_ Secondary oxygen [% |mugn. pin Throughput capacity [1(8/hl Mean
particle spheroidized dianmeter of "articles [pm Prior art The
present invention 30 25

10

15

20

25

18
In the cyclone 17, among the spheroidized particles floating in the gas, only

spheroidized particles in the form of coarse particles are collected. The gas discharged
from the cyclone 17 is transferred to a bag filter 19 through a duct 21, where
spheroidized particles in the form. of microspheres among the spheroidized particles are
collected,

[0040]

If necessary, the damper 16 of the duct 15 is closed, and a gas is allowed to flow
in the duct 18 and is directly transferred to the bag filter 19, thus making it possible 1o
collect all spheroidized particles in the bag filter, In this case, when the temperature of
the gas must be lowered, an appropriate amount of air can also be mixed in the gas from
an air intake port 20,

It is possible to efficiently obtain spheroidized particles having a particle
diameter, which nearly agrees with that of a raw material powder, by using the above
operation and one burner 12.

[Examples]
[0041]

Hereinafter, specific examples are described.
{Example 1)

Using the production apparatus of inorganic spheroidized particles shown in Fig,
3, spheroidized particles were produced.

As the entire raw material powder, a silica powder at 20 kg/h was transported
with oxygen at 7.5 Nm*/h as a carrier gas,  As a fiiel gas, LPG at § Nm*/h was supplied,
As the entire oxygen-containing gas, each half of oxygen at 20 Nm’/h was dividedly
introduced into a burner 12 o produce spheroidized particles, and then a spheroidization

throughput capacity that achieves a vitrification ratio of 98% or more was determined.



75 20 36 31 2 40 60 20 7 3 [0044] 5As a result, as showmn in Fig. 4
and Fig. 5, the vitrification ratio of 98% or nore could not be
obt ai ned under the condition of 50% or nore (primry oxygen) and 50%
or | ess (secondary oxygen) using raw materials having any particle
dianeter. Also, in conparison with the prior art, a significant
di fference was not recognized with resg;ct to an influence of primary
oxygen and secondary oxygen. 10 The re&sults shown in Table 1
reveal ed thgm¢nnorganic spheroi di zed particles having a dianeter nore
close to that of the raw material can be obtained by using a burner

in the present inYeRtHRE eadh}Peobtidniof 8RR tode supplied to the above primary
oxygen ejection holes 5B (primary oxygen}) and the secondary oxygen ejection holes 7B
(secondary oxygen) was changed within a range from 0 to 100% (primary oxygen) and a
5  range from 100 to 0% (secondary oxygen), according to the particle size of the raw
material powder, and thus studying the condition that can achieve the vitrification ratio of
98% or more.
The results of the treatment to the raw material powder having a mean particle
diameter of 30 pm and the raw material powder having a mean particle diameter of 2 pm

10 are shown in Fig. 4, Fig. 5 and Table 1.

In the case of treating the raw material having a mean particle diamster of 30 pm,
the raw material powder was ejected through the first raw material ¢jection hole 3. In
the case of treating the raw material having a mean particle diameter of 2 pm, the raw
material powder was ejected through the second raw material ejection holes 6B.

15 The raw material having a mean particle diameter of 30 pm was collected by the
cyclone 17, while the raw materiel having 2 mean particle diameter of 2 wm was
collected by the bag filter 19 without through the eyclone 17.

For comparison with the prior art, spheroidized panticles were produced under

the above condition using the same type as that of the inorganic material spheroidization

20  apparatus described in Patent Literature 3.



15Using a silica powder as a raw material powder, three kinds of raw
materi al powders, for exanple, a raw material powder A having a mean
particle dianmeter of 15 pm a raw material powder B having a nean
particle diameter of 2 pm and a raw material powder C having a nean
particle diameter of $ gm obtained by mi xing 35% by wei ght of the raw
material powder A with 65% by wei ght oéothe raw material powder B 20
were prepared. 21 Using a burnef¥ of the prior art described in
Pat ent LiteFQQ re 3, a raw material powder C at 20 kg/h was supplied
by transporting with oxygen at 7.5 Nrn3/h as a carrier gas. As a fuel
gas, LPG atI@MP /h was supplied. Oxygen at 20 NnB/h was supplied to
pr oduce sph%ro zed particles, and then a spheroidization throughput

£ Q0.00/4 JEV-CN P=S

capacity tpat—5 a"hie‘ es—arv+eaton—+at+eo—pF5985% =Apre e

det er mi ned.‘%gﬁféjﬁ” Prinirng| Skeondary N@hrauphpube HFESR c%% iogjn a
raw mat er i jaf! ‘?;i\’t £99% 0/ hoxyen t [ ansgen t 4d capabiy O iajged parsigle as
a carrier |gadeRa)ppvial; r qegmat pri @6 ej ect [k ho| ePrids arind HSPERRFT

mat eri al B_at jan glhlwas trankported With oxygen at 2 2% BRRIHPNAY g
carrier 1Q gas s® second paw npt erjsal ¢j ecggon hol egs63. |As alf ue
gas, LPG at—5—+wBHh—wes—supptet—to—+uet—gas—erpet+on—holres—43—Edch
hal f of tHe enti2re oxygend@t 20 Nfi0% was de@idedly introguced intd
primary oxygen €j ecttron nhofe 3 and secondary OXYgem gj ection notes
73 to produce spheroidized particles, and then a spheroidiza.tion

t hr oughput e[?mﬁrl::i ty that achieves a vitrification ratio of 98% or

nore was determ ned. 15[ 0047] At this time, a throughput
oxygen B’ be-suptt Feipas RERTH Filek SRUETE 5ol otdncalGp B PESL B nSle
Doy oo RS RSO S0 Shetl bR Bl B r
oLt g Sl S A A RS Shene

Table 2, [0048] {Ta,bl e 2]. ) ) L .
so, in comparison with the prior art, a significant difference was not

D

recognized with respect to an influence of primary oxygen and secondary oxygen.

10 The results shown in Table 1 revealed that inorganic spheroidized particles
having a diameter more close to that of the raw material can be obtained by using a
burner in the present invention,

[0045]
(Example 2)

15 Using a silica powder as e raw material powder, three kinds of raw material
powders, for example, a raw material powder A having a mean particle diameter of 15
1, a taw material powder B having a mean particle diameter of 2 um, and a raw
material powdet C héving a mean particle diameter of 5 um obtained by mixing 35% by
weight of the raw material powder A with 65% by weight of the raw material powder B

20  were prepared.



- Mean particle dianeter of raw material Dun] Throughput capacity

[kg/h] Vitrification ratio of spheroidized Particle [%4 Mean particle
di aneter of spheroidized particle [pm Present invention Raw nateri al
A: 15 Raw material B: 2 Total: 20 Raw material A;? Raw material B: 13

99 7
21

Using a burner of the prior art described in Patent Literature 3, a raw material
powder C at 20 kg/h was supplied by transporting with oxygen at 7.5 Nm*/h as a carrier
gas. As afuel gas, LPG at S Nm*h was supplied, Oxygen at 20 Nm/h was supplied
to produce spheroidized particles, and then a spheroidization throughput capacity that

5 achieves a vitrification ratio of 98% or more wazg determined,
[0046]

Using the burner in the present invention, a raw material A at 7 kg/h was
transported with oxygen at 5.25 Nm®/h as a carrier gas to first taw material ejection holes
3, and a raw material B at 13 kg/h was transported with oxygen at 2,25 Nm/h as a carrier

10  gasto second raw material ejection holes 6B,  As a fusel gas, LPG at § Nm’/h was
supplied to fuel gas ejection holes 4B.  Each half of the entire oxygen at 20 Nm*/h was
dividedly introduced into primary oxygen ejection holes 5B and secondary oxygen
ejection holes 7B to produce spheroidized particles, and then a spheroidization
throughput capacity that achieves a vitrification ratio of 98% or more was determined.

15 [0047]

At this time, a throughput capacity of a burner was investigated by fixing the
proportion of oxygen to be supplied to the primary oxygen ejection holes 5B (primary
oxygen) and the secondary oxygen ejection holes 7B (secondary oxygen) to 30%
(primary oxygen) and 70% (secondary oxygen) according to the particle size of the raw

20  material powder thereby adjusting raw material powder supply amount,

The results are shown in Table 2,



‘Prior art Raw material C 5 16 98 10 '[0'0'4'9] 5, The results shown in

Tabl e 2 reveal ed t hat
nore close to that of the raw materi al

obtai ned by using a burner structure in the present
[ Ref erence Signs List]
raw materi al
ej ection hole 4 Fuel

di amet er

Fi r st
mat eri al
Fuel

[ 0050]

10 1 First

raw materi al
supply path 2 Powdes, diffusion plate 3 First
supply pipe 15 4A Fuel
gas ej fg48lon holes 5 Prinmary oxygen supply pipe SA Primary

I norgani ¢ spheroi di zed particles having a

can be efficiently

oxygen supply path 5B Prinmary oxygen ejection holes

10

15

20

i nventi on.
supply pipe I A
raw
supply path 43

[Table 2]
. Vitrification | Mean particle
dli\g:-xa;c g_ ﬁf;’;’ Throughput ratio of diameter of
material ()] capacity [kg/h] | spheroidized | spheroidized
K particle (%] | particle [um]
, Total: 20
Present | Raw material A: 15 .
. h g Raw material A; 7 9% 7
invention | Raw material B: 2 Raw material B: 13
Priorart | Rawmaterial C: 5 16 98 10
[0049]

The results shown in Table 2 revealed that inorganic spheroidized particles

having a diameter more close to that of the raw material can be efficiently obtained by

using a burner structure in the present invention.

[Reference Signs List]

[0050]

1 First raw material supply pipe
1A First raw material supply path
2 Powder diffusion plate

3 Fizst raw material ejection hole
4 Fuel supply pipe

AA Fuel supply path

4B Fuel gas ejection holes

S Primary oxygen supply pipe

5A Primary oxygen supply path
5B Primary oxygen ejection holes

6 Second raw material supply pipe




20 6 Second raw material supply pipe 6A Second raw material supply
path S Second raw material ejection hole 7 Secondary oxygen supply
pi pe 7A Secondary oxygen supply path 5 7B Secondary oxygen ejection
hol es 8 Conbusti on chanmber 9 Raw material diffusion chanber 11
Spheroi di zati on furnace 12 Burner 10 17 Cyclone 19 Bag filter 23
First raw material feeder 24 Carrier ggf supply source 25 Second raw
mat eri al feeder 15 26 Fuel supply sourCe 27 Primary oxygen supply

source 28 S@gg@&gﬂﬁwpmxggﬂsgﬂﬂpb&hsource 24
6B Second raw material ejection hole
7 Secondary oxygen supply pipe
7A Secondary oxygen supply path
5 7B Secondary oxygen gjection holes

8 Combustion chamber
9 Raw material diffusion chember
11 Spheroidization furnace
12 Burner

10 17 Cyclone
19 Bag filter
23 First rtaw material feeder
24 Carrier gas supply source
25 Second raw material feeder

15 26 Fuel supply source
27 Primary oxygen supply source

28 Secondary oxygen supply sotirce



[ CLAIMS] [d aim 1] A et hod for producing inorganic
spheroi di zed particles, conprising a step of producing the inorganic
spheroi di zed particles by neans of a diffusion type burner, 5 wherein
the burner conprises a first raw material supply path, a fuel supply
path, a raw material diffusion chanber, a primry oxygen supply path,
a second raw material supply path, a seqondary oxygen supply path,
and a conbustion chanber, a coarse powder is supplied with a carrier
gas from fi nSkAMSY nat eri al ejection 10 holes of the first raw

mat eri al supg ath provided at the center of the burner to the raw
mat eri al di ¢l awlﬁn chanber provided at the end of the first raw

mat eri al supply path, a fuel gas is supplied fromfuel gas

ej ection hol es ofA méthod foe broduging inogzatib syheridizid dartisles, Remisigya step of
circunference of the raw material diffusion chanber to the conmbustion
chamber pr opiodwdheethe inbrrasie ephefoidibed panibles by Sleindlof 8 ifHusish §pe sﬂa&ﬁaer in
a 15direction parallel to a central axis of the burner,

oxygen- c®nt ahstkiig gas is supplied fromthe primry oxygen supply pat h
t hrough primary oxygen ejection holes that are opened on the side

surface of the ceystsict Stngfd t ra®@ nikPerfalon gﬁ? ﬁ&l‘ gﬁ%ﬁ%ﬂ%"i‘a\v

fine powder is supplied wwth the carrier ga rraw

ol 65 that  BREg op*ﬂn%%**gh*‘ﬁ??‘f‘%ﬁgﬁﬂf’ aceg%?ﬁ%‘*he%%%ﬁeﬁé‘% Pt e
o ect on- oty *Fodiet o ey T i BBsibstBel ' 12 o7 Pre
EEESﬁ&arS‘”Sxygen 5%55|P§‘§%feﬁs‘%vaﬁ%‘ﬁﬂ‘¥w$%5%simﬁiF%} BTk Enor
chanber{Cand e PFBE L rmeeia Ll oo theSement e tomes GbomY 1 aw
25 material etén%.félffﬁsxon é)ha.m?:er vﬁedrgt t]-}e end of the first raw material supply path,

a fuel gas is supplied from fuel gas ejection holes of the fuel supply path
provided on the outer circumference of the raw material diffusion chamber to the
combustion chamber provided at the end of the raw material diffusion chamberin a

15 direction parallel to a central axis of the bumer,

an oxygen-containing gas is supplied from the primary oxygen supply path
through primary oxygen ejection holes that are opened on the side surface of the
combustion chamber so as fo form rotational flow,

a fine powder is supplied with the carrier gas from the second raw material
20  supply path through the second raw material ejection holes that are opened on the side
surface of the combustion chamber and formed at the exit side in comparison with the
primary oxyzen efection holes in a direction parallel o the central axis of the burner, and
an oxygen-containing gas is supplied from the secondary oxygen supply path
through the secondary oxygen ejection holes that are opened on the side surface of the

25  combustion chamber and formed at the exit side in comparison with the second raw



The net hod for producing inorganic spheroidized particles according
to claim1, further conprising: 5a step of collecting coarse
particles by neans of cyclone; and a step of collecting fine
particles by nmeans of a bag filter, wherein a verti cal

spheroi di zation furnace is equi pped with the burner, and the cyclone
and the bag filter are serially disposéd at the downstream side of

t he spheroidi zat, on.furnace so as to sinultaneously produce inorganic
sphemni di zedmﬁéf‘?lie!ﬁcggn Wing different 1Oparticle size distributions.
[ C ai m 3] , he met hod for produci ng i norganic spheroidized
particles aB%‘%‘FH?ng to claim1, further conprising a step of
collecting the inorgani ¢ spheroidized particles in one |unp by neans
of a bag filter, Thigwetod forprodpeing inetganis ppheraidizad patticlss aqeordingse cleim 1,
equi pped with the burner, and the bag filter is disposed at the
downst r eam Sithier comnprisieg: spher oi di zat Mh f ur nace.

5 a step of collecting coarse particles by means of cyclone; and

a step of collecting fine particles by means of a bag filter, wherein

a vertical spheroidization furnace is equipped with the burner, and the cyclone
and the bag filter are serfally disposed at the downstream side of the spheroidization
furnace so as to simultaneously produce inorganic spheroidized particles having different

10 particle size distributions,
[Claim 3]

The method for producing inorganic spheroidized particles according to claim 1,
further comprising a step of collecting the inorganic spheroidized particles in one lump
by means of a bag filter, wherein

15 a vertical spheroidization fumace js equipped with the bumer, and the bag filter

is disposed at the downstream side of the spheroidization furnace.



