1 [DESCRI PTION] [TITLE OF I 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 Jaﬁanese Pat ent Application No
2008- 201302 flled on August 4, 2008, e content of which is

I ncor por at 5 10reference [ Background Art] [0002] An

i norgani c erol di zed particle is obtained by nelting a raw materi al

nd- spher &@?@?Wﬁ?&@%g? by its Surface tension o For
S Tiea T oﬂxa%i?%ﬁ HoR MRNERGAENG DN §BANIG Sebiba Ui BaBicfed

epoxy-sealing material of a sem conductor device, and a |lot of nerits
such as i rpge Fiedidity of a sealing material, high filling anmount,
and i nproved abrasion resistance can be obtalned by spheroi di zi ng.
20l n tse (doedKnt description, an inorganic spheroidized particle may
be sinply described as a spheroidized particle. [0003] As a

prior art regar qhggrebdiR inveR§bnGela@R t@h mathotl f&HHGd e RSN ShhéRillized
particle, there are the nmethods disclosed in Patent Litferatures 1 to

4, 25Beca#ﬁﬁ1cﬁl=1|s%cﬁﬁrmﬁﬁﬁ§ﬁ{e§n§&%x&é&dﬁﬁ&?d for the spheroidizing

of raw ma

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 Art]
[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 its 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 1 to 4,

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



2 powder, a burner of an oxygen-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 m xed at the coRbust i on pl ace. [0004]

The prem xing, .t burper s used i {h i ed in Patent
Li terat urepoiﬁle&/ﬁﬁ%@ef H@%WF%E%%W@B%@JY‘%% ?ﬁq‘ésg‘ﬂgé%gg‘n t he met hods
disclosed in Patent Literatures, 1, 3 and. 4. 10The diffusjon,type

bur ner di sl os e ERRPISA LI biFeLngids & Premising BRE bipRtand it pe
pipe in which a |ot of small pipes are provided between the inner

pi pe and thvenesut ba prepixingttypesbusarexyeensand siyelsges afeprelimiagily sixed and
furnace, a silicon raw material is flowed down spontaneously or

fl owed dovejectddith ther eerrbustionalacen Meamwigle, inreediffesion type purper, ¢xyzseandd pe)
of the burner, and the raw material powder is supplied into flane
nmade by aﬁueéas&%se%@atémjmeben@mad aptm@smaﬁnﬁoﬁgla@ayg_en gas fromthe
outer pipe to thereby produce a nelted silica spheroidized body.

[ 0005] 0004] In the prem xing type burner disclosed in Patent

Li teraturé % raw materi al powder, oxygen, and LPG are sufficiently
m xed in a burn and._: r teri i ' '

fl e mmde a1 nge 2raghe ime Behisetdin memPRAE Aselo ey PRhTaekith 2,
di sclosed i,n, Patent Literatures 3 and 4 hav he concentric quarte

i po. St r uctiledhe fi e fvpa Biumr fuedin v oo s bl ferftires oo
conmbusti on chanber fromthe center using oxygen or an oxygen-enriched
air as a @ffier gas, a fuel gas is supplied through the outer
circunference thereof, the primary oxygen 25 and the secondary oxygen
are sdpplied t hThediffusioe typeabumer disclosed i PatentHiterature & hadthe earfcentric 3

and cooling water path is provided around the nost outer

ci rcunf er elagkle pipetift @hih Y 161Flsmall Bipen e provided between dei iined pipeRad gt
Literatures 3 and 4 disclose an apparatus that uses such a diffusion

type burneiet BipBl OFhiE BuinBOk ARPbed SPLGEAbA KEREbe PRkl Edr r8% 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 smalf 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 supplied 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 thereof,



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 A'. Into the_burner B, oxygen from an
oxygen 10 supply equi pnment C and a quaefied petrol eum gas (LPG from

a LPG supp EIR;U& | Tooan
cont ai ni nggnéé:?@w es@ggﬁg@é&ﬁ#@@hﬁuﬁgﬂﬁ%%o?@n% verti Ccae?t?ﬁlgferl?gggolé
are cooled with air introduced into the bottom portion of the
vertical f ce E through a path F, and then the spheroidized

particles are collected by the follow ng cyclone G and 15 bag filter
H [Gtation Li &additen, BafentLiterateres, and 4 diselose anpapasafis that wseasuchd 1)
20Japanese Unexamined Patent Application, First Publication No. Sho
58- 145613 diffasientyps burnerdo produ@y inorganic sphepaidiestpapicdesani ned Pat ent
Application, First Publication No. Sho 62-241543 [Patent Literature
3] Japgnedeodgat ent No. 3,331,491 25[Patent Literature 4] 4 Japanese
Patent No. 3,312,228 [Summary of Invention]
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 carrler 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 bagfilter H.
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[ Techni cal Problen [0008] 5The raw material powder is heated and
melted in flame by forced convective heat transfer mainly due to the
flame, and is spheroidized by its surface tension. In the

di ffusion type burners having the structure disclosed in Patent
Literatures 3 and 4, the conbustion chanber is provided, and the
aggregation state of the produced inor@anic spheroi di zed particles is

i nproved in conpariso i t ner disclosed in 10Patent
Literature 1. F@wgfse'i’a%’é'n%ﬁ%{;@@gi? the di ffusion type burners

di sclosed in Patent Literatures 3 and 4 have the structure containing
only one riSwnmenefilavensiorlply path. For this reason, in the case of
treating a raw material powder with wi de particle 15size distribution
obt ai ned Hifedhaidal Prioblem¢r ushi ng using this burner, since fusion
between fine particles or fusion between fine and coarse particles
occurs in [0peg]f | ame, there could be observed a situation in which
particle size distribution of the charged raw naterial powder is

differgnt from trhatawphatRf pRWdAY 18 BehtSPRATRIEA FEHArRABY fobded chfivRBtivg -

Therefore, in order to obtain the spheroidized particle product

havi NG an yapidfiRfer ARInRANIE'6 R siibfeCartli9 LiHoRidipd by ifs st TBsRI! @
powder of ‘TTne particles and a raw nate€rial powder of coarse
particl es shoul e her oi di.zed means of dif.ferent burnet
respectivel y. Tﬂ‘bﬁ?ff’ dﬁ*@l‘)?%?ﬁ&&ﬂ%@%ﬁﬂ% W%%%éﬁ%sf'ﬁ ,ng i© Lz‘?t?qa@lreés
shoul d be m xed so as to obtain,a product [0010& 25Thus, .an ch.\léeeft
of the prdfadtd, thavembrsiian chanbsr inRiovided, andythe agaresatian pateid thepyo

whi ch spheroidi zed particles having the objective particle size

di st ri but iinorgananspberodizediparitldsys impaowed i eompanisenwith (hebrmet disdlossding a
variation in a nean particle diameter of a raw material powder during
t he prnocePatenf Liggratotellat i on. [ Sol uti on to Probl enj

[0009]

However, 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 burner, since fusion between
fine particles or 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 produet. |
Therefore, in order to obtain the spheroidized particle product having an optimal
20 particle size distribution, a raw material powder of fine particles and a raw material
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 obtain 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
sphem 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 material supply path, a fuel supply
path, a raw material diffusion chanber” a primary oxygen supply path,

© SoEon TSl PR Ok RO Y USBBR

and a conb sep S supp
carrier gasg fromfirst raw,materi,al ejection hales of the fiirst ra
ot er | al SRS By means of ORe REmeE iAW daBFRE.S VaAton I ppHLRArElc dRmerh,,

15 material diffusion chanber provided at the end of the first raw
mat eri al fppey matarial powder durng the progass of grasulghen.ed from fuel gas

ej ection holes of the fuel supply path provided on the outer

ci r cunf er §8clatiod tot Preblemlv mat eri al di f f usi on chanber to the conbustion
chanber provided at the end of the raw material diffusion chanber in
a diregtiqpoparallel to a central axis of the burner, 20an
oxygen-containing gas is supplied fromthe primary oxygen supply path

t hrough primary Iﬁﬁgg?iagﬁgﬁi%%?gg%ﬁoﬁé@&bjé&?a ARERGH 1T thefesthde

surface of the co as to"formrotational flow,

a fine powder..is.Ss i Lt i G

materal B s RRbE e v elhe BofBhld Phodiel pRIbEu nARAANE Y
that are opeped on the side 25.surface of the c tj on chanber and
formed at PrHBCRE e BptzaR aheErigBit BaRcay e oL BB Aol
ejection holes in a direction parallel to the central axis of the
bur ner, arnvherein an oxygen-containing gas is supplied fromthe
secondary oxygen supply path through the secondary oxygen ejection
hol es 10hat are thedmemr imludeea fitstiravematerigeupyly pith, afsbupplypathc b zavber
and fornmed at the exit side in conparison with the second raw

Smat eri al neit@ft HiFMmsidalcRembdrOprdhary oxygenlsﬁ;f:ﬁlﬁl path) £eetirid rawveatbriad supply
is preferred to farther include: a step of collecting coarse

ticl ' i [ fi
particles pggl’ TBARSd4 o ggﬁ@ﬁ,?ﬂg,aﬂgﬁgg@?@&mﬁ ting fine

particles neans o i's preferred that a

vertical spher ol di2al i el #'sAGiRd SnSUALRR GEs #6ch Birdt Wi material ejection

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

15 material 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 parallel to a central axis of the burner,

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 path 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 éarticles in one |unp by neans

f b filter d . it.i ferged, t f] Il zati
o 2250, S IO AR R DR A,
the d t i d f the, sph I di zat i f . A d
SR EOR P T —

particles obtained by the nmethod for producing inorganic spherqidized
particl es through thesecondanyiouyza efection heleythatarpepenpdomihe sisasuifaps ofitheon.

[ Advant ageous Effects of Invention] [0014] According to the
present i rooebustinn chambiérfahd foroed aythe exitisidein dompessa, witrttle sdvendfasr e,
backfire does not occur. Mreover, a coarse powder is supplied to a
first mawpBbed eRktictbhalatpp!l y path, and a fine powder is supplied to a
second raw material supply path. 7 Therefore, particles having a
smal | part[b@ di aneter can be sufficiently nmelted in a regi on where
the tenperature of the flane outer circunference portion is | ow and

particles havin | arge.parkiche di ' uf fj ci el ted
"o & Tegi on vihe e REHE S Rtor tds BRI MERE ndudeh ssB o Rl

hi gh. Al so, since the particles having.a s | Sparticl.e dj aneter
have not  SAgsepariler by Beansaf cyalme; sad a step ?{;%b#é@ggp%l’@f&g‘@? pegofa
particles fromthe second raw material supply path that enables an

i ncrease ibag Sitenpandsit inpreforredihat aivegticabspharaidization Sirnace bgicapippesiewitihthene
flame. On the other hand, since the particles having a | arge
parti dDe duareielthhaydoreant sifertey dilter bl erellsdibpdsed at the dovrstreans sidobf t o
eject the particles fromthe second raw material 10 supply path that

enabl es  a tRlespherdfiezation QbR 6 koM sitatltiiBousBitode fkdanicaphabidiaed
di sperse in the flane, [0015]

particles having different particle size distributions,

[0013]
In addition, in the present invention, it is preferred to further include a step of
15  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 particles
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.  Moreover, a coarse powder is supplied to a first raw material

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



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 spheroidized7particle having a particle

di aneter or particle size distribution‘corresponding to the raw

mat eri al ' vl %ﬂﬁ:aﬂ : | b4 ;

Dr awi ngs] EBH %éﬂcl R}Ellgg. ilﬁ;aﬂgﬁes%l%gﬁgﬁag@gg%%hgf&\eﬁéedv&n a

il lustrating an,ex e of a burngr used i.n the present . ti on.
Fo 2 s ool ReRtbieraangs ahibe fimt Bk hbyhiieBe BRERD YA e
used in the present inventiqgn. 25Fig. 3 is a.,schemati ¢ configuratijon
di agr am i | Ratifleshaving adarge patiele diamelss can bg ﬂéﬁwd}snn%iwe ﬂ@%ﬁg@ngw%m the
spheroi di zed particles used in the present invention. | Fig. 4 is
a graph i |temperaturd ofghexflame eantep potsiondsligh.t Halse,|singe thetpartisted haviag 2 small
vitrification ratio of primary oxygen and secondary oxygen in

Exanpl 6. particle diametef ave hot satisfagioryniispetsihilityy inisi pogsilie toedjent tlwrpatitieseen
the flowrate and the vitrification 5 ratio of primary oxygen and

secondary fphy 8Redond Fap Hatepial sutpply pafhi #lat cBablés 2 ifGBRSM &ipersion volume,
configuration diagramillustrafting a production apparatus of

Emhoal mentel t BRRBRB AL BBt 1) TS e an bxanl o of a

burner for prod b%tthg SmQJ halx&,%'{t%% %ilecpar!icles having a large particle diameter have

satisfactory dispersibility, it is possible to eject 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 iflustrating an example of a burner used in
the present invention.

Fig. 2 is a schematic side view illustrating an example of a burner used in the

present invention,

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



spheroi di zed particles used in the present invention (hereinafter may
be sinply referred to as a burner). Fig. 1 is a sectional viewin
whi ch 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 nmateri al powder, fuel,
and oxygen. 15[0018] In these figures, 8the reference sign 1
represents, a ragw mater.ial suppl | pe whose,inside forns the raw
materi al SOPSARIC 6&&?@?\34 Pﬁ%‘ﬁgﬂ}gﬁfﬁ%ﬁe BICSRNLINYPROBf r aw nat eri al
powder and a carrier gas is supplied. As a carrjer gas, .an
oxygen- cont ai ni Fig. dasa praph Hiyststingargletionbatwesn theflowmate andthe zgnﬂwo%
or nore such as oxygen, oxygen-enriched air having an oxygen

concent r atramoDdirir?dty vRygetiand ssvondary oxygen in Bxampded. As the raw
mat eri al powder, inorganic powder such as silicon oxide, alum num

oxi de, or gl assgid g pg{agﬁ fhuStratRigRekAEYbAREMILSNSW A BeT the elriSdEpe
with a corner, is used. 25Anong the raw material powder, a coarse

roan by (S0t SR oS cRRy et RUBRRBRLT 0 L e Torere
O amotor |5 | osEiR Aaya Raempd Conpiudycn SRBAR Ry ARF PR B Bbidfoc of

supply pipe 1 is equipped wth,a powder diffusion plate 2 at the -exit
end t her edPnVeR{p mcwmrp%eém%wl&s-e 2 ejects the mxed powder of
the raw material powder and the carter gas so that it spreads

radi al | y t[Deseription i Embadiments] direction. A plurality of first raw
material ejection hole 3, 3-, which are directed obliquely outward,
are fornmedp@¥ja circle at regular intervals. 10[0020] Qut si de
the first raw material pipe 1, a fuel supply pipe 4 is provided

concenprically, F%nqiaﬁdlﬁg.smﬁ@u&tswmﬁm@fdmm:qfrbcaicﬁ&umhmmiae_ 1
and the fuel supply pipe 4 forns a fuel supply path 4A. Through this

fuel I ‘ ] i i e

i ;esuggfﬁgég&?#%f%ﬁ?%ﬁé%%&ﬁ?ﬂ @Hg‘?ﬁfé TG A
it .ejection. 4B. 1 .43 '

o) cct ed 1 e tiFaet) By epRiotel iy o udg e it (¥ d O Bl

TP e il s gt B ShS oW WSS td e s Vi SRTE 88 oo BlekeBt

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 a mixture of raw
material powder and a carrier gas is supplied.
As a 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 more, or air is used.
As the raw material powder, inorganic powder such as silicon oxide, aluminum
oxide, or glass, the particle morphology being a nonspherical shape with a comer, is
used,

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



[0021] Qutside the fuel supply pipe 4, a primary oxygen supply pipe 5
is provided 20 concentrically, and the space between the fuel supply
pi pe 4 and the primary oxygen supply pipe 5 fornms a primary oxygen
supply path 5A. Through the primary oxygen supply' path 5A an
oxygen-cont ai ni ng gas having the oxygen concentration of 20 vol % or
nore such as oxygen, an oxygen-enriched® air having the oxygen
concentratjon of, 20,,vol % ot nore or _air.is suppkied. 25The.exid end
of the prilgteFparisissfigmeten WE‘BF)EWW@E“Qie&’W%’ngW%W%r@%ﬁf%n 10
ej ection holes 53, 513- and exits of these primary oxygen ejection
hol es 58, Wmdepfefersinapawdestting asradhpartgle amtew%loﬁ%%g@rwéﬁ%o t hat
oxygen is ejected in a direction vertical to the central axis of the
bur ner andizmetetiaidsethah 10uow i s forned in a conbustion chanber 8
descri bed hereinafter. 5These plural primary oxygen ejection holes
53, 5SB.. dpeldjorned on a circle at regular intervals, and also

di sposed on a circle at the position different fromthat of the
pluralisty of fueghiSieGht i .squinhéd wWiiE a B ifARtonSRdte B he
adj acens: t wo fug{ﬂ“sej ect?’gélhtégglh gl?p%lpﬂ%gsﬁqu%%ﬂ] %%Ja%rglfggithe
primary ox n bp 1 ' 6
IS provi de%g]%(%{%égﬂ}%éée&h ;1' B%Pé}b%ﬁgﬁ@g%ggiﬁ# \%ig%t%ﬂ{e%gx%r naaféil/B%t)E(lggen
supply pipe 5 and,the,second raw nmateri al. supply.pipe 6 fofms .
second r av&amaé?q%Pmé’%ﬁP@B‘ﬁ&?WeBﬁ@S 5¢ ﬁiéat &Pfe%‘%ww ‘{ ﬁ@mgggéﬁd
raw material supply path 6A forms a pl qraji:hy of _secqnd rgyv mat eri al
ej ecti on Hieetions B A ppralityof firsi saw mafenl sigqtiopihgle 3, 3, ayhich g direrted
direction 15parallel to the central axis of the burner. The
plurality obliqusdy outwardaarerfartmead onl a aijclectt regnlan intersalgs, 613.- are fornmed
on a circle at regular intervals. [0023] Qutside the second raw
materij@l qogp@y pipe 6, the secondary oxygen supply 20 pipe 7 is
provi ded concentrically, and the space between the second raw

material supplyoRisR 1fe BREraWRSRAPEA, ¥ A VERY SipPRidproviaad 7 fornms a
secondary oxygen supply path 7A. Thi's secondary oxygen supply path 7A

hat a1 a BRHENE S5) R Tola Rondef B TR MO ATk RERY) gl
secondary /el AR Y fhol A OFilBudh Bl tid hioty B SO R W Y0

ej ection

liquefied petroleum gas (LPG) is supplied. The exit end of the fuel supply path 4A
15 forms a plurality of fuel gas gjection holes 4B, 4B+, so that the fuel is ejected in a
direction parallel to the central axis of the burner. These plural fuel gas gjection 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  concenirically, 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 or air is supplied.,

25 The exit end of the primary supply path 5A forms a plurality of primary oxygen



25 holes 78, 7B- and these secondary oxygen ejection holes 73, 713-
are formed on a circle 11 at regular intervals. These secondary
oxygen ejection holes 7B, 7B- are opened in parallel to a central
axis of the burner, so that an oxygen-containing gas is ejected in a
direction parallel to the central axis, of the burner. [0024]

5Mor eover, the secondary oxygen suppl yl(bl pe 7 has a thick pipe wall,

and a cool I

formed ms%’%%lgp\ﬁ@teg %’e 0 93%4‘9{5@*‘9%& ner ’?‘%%%JQ&O%BEEE fﬁ:(erm)re
the end portion of the rner j.s . dented jn a nortar ape

br oadens P W%“P?asaxﬁéﬁffhefw 59 %Wﬂ%ﬂ %?QW&‘“Q”%OI n

ot her words, the inclined pipe wall portion of the conbustion chanber
8 i s constvertipebio the castyel axifeafyhe lgwmerand 8 rsational iy isifemaeddn acpmbustion
secondary oxygen supply pipe 7, the second raw material supply pipe 6
and the prahmbgt&ﬁe}gﬁndﬁminaﬁeqai pe 5, and also the bottom portion of
t he conbusti on chanber 8 corresponds to a cylindrical raw materi al

di f f usison chanbghesd plukhlepringatyy G geh iefettish HolesSB) SBe brrfomiedni acifcheared
by extension of 15 the exit end portion of the raw material supply

pipe 1 in @ iikiipenals! eﬂa@wdxﬂﬂe@ﬁraaﬁréﬁm%eﬂoﬁ Hﬁfe?éﬁ@ﬁ@ﬂx%ét%ﬂﬁf

t he burner n conparison with the powder diffusion plate 2. 25]

Furt her nor | ,sun er 8,
Fuel gas. &Ead oh b FERIRoIERB, +BN A BN beEr B in .J‘gbﬁﬂsrm%
5B.., second, ral\gv ma%ﬁr al 20 ej ectlon hol e 6B, 6B.. and secondary
oxygen ej &taCHOMbHER : are respectively opened. Mreover, the
above second raw materi al eJ ection holes 6B are opened at the end
side of tH8022rner in conparison with the primary oxygen ejection

hol es 58, while t he above secondary oxygen ejection holes 78 are
openedfat the efdisidedkes primaryexpgenrsapply pip25, the sprand savwnmaterial supply pipeond
raw material ejection holes 68. 12

6 is provided concentrically, and the space between the primary oxygen supply pipe 5

and the second raw material supply pipe 6 forms a second raw material supply path 6A.
The exit portion of the second raw material supply path A forms a plurality of second
raw material ejection holes 6B, 6B, so that a raw material is ejected in a direction
15  parallel to the central axis of the burner.
The plurality of second raw material ejection holes 6B, 6B+ are formed on a
circle at regular intervals.
[0023]
Outside the second raw material supply pipe 6, the secondary oxygen supply
20  pipe 7 is provided concentrically, 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 5A so that a 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 ejection holes 7B, 7B are formed on a ¢ircle



[ 0026] In the burner for production of inorganic spheroidized
particles, that has such a structure, the end of the first raw
material supply path | Ais connected to the raw material diffusion
chanber 9 through the powder diffusion plate 2 having a | ot of hol es,
5 and the fuel gas supply path 4A prov'ided on the outer circunference
of the first raw material supply path A and the primary oxygen

supply pat Lyl ded t he ter ci L ere Okn L fuel,.qgas
supply pat r%@“ﬁr"@ygﬂ‘ﬁheggﬁs%ﬁ%ngx@Sﬁ%@gqnow%ﬁg %r%%ﬁ%&égexit
si de connectﬁfi to the end qf the respective supoI%i aths.is E dially
expanded, R#S .eg%ceafrglﬁé}ssq Bhe bumgerge %én%%eﬁ"é’?% B E3d AR fhe
burner flame is inproved. 10Wien raw material powders each having a
di f ferent ditgctioncpasallsl fthe eontral axisefshe b&aer o the first raw materi al
supply path | A and the second raw material supply path 6A, it is
possi bl e t[@024]eat particles having a |l arge nean particle dianmeter in
the region where a tenperature of the flane center portion is high
and tostreat pamMdrsdwRs thesébdid. @@Péﬂs iiT hids Gl thicklpipe®iallf anidra t he
regi on where a tenper ature of alf']rhe Ian"lgplgtr})tIiebﬁﬁr 15ci rculr)?er en!ce portion
is low . P . e ) . '

part i ¢l es oA WbEFpERTL IlGRRAIEH OBjthe GaRFHOWE Bined fHldThe P to cool

conpar ati Vgl y _eas] and are therefore supplied fromthe first raw
mat eri al Stﬁ%%vfrgé”‘rr}g%ﬁ | A having a small dispersion area, |ocated at

the flanme cente rtion, Th artigles havj a,smal |l 20 ne

barti ol 6 df anet ERRGFEOfy e SRS phaton pEIRE Bumiet toamiSa ik b ke et
supplied into the flame fromthe second raw materi al supply path 6A
havi ng a |taeagenspuiwandsangrhiy parh forms acompustioRsharalir fat eri al powder can
be efficiently dispersed into the flane. Therefor; in the
preserd® i nvent i fmothetwards, iedinélined pipe wallgartidnd tiesoonibobties chemberd ia

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

particle dbadifited bpbbliquely fodnifg the ead peiibhsdMhsicadRialyoxybén supplyaipe 7,13
[ 0028] Fig. 3 illustrates an exanple of a production apparatus

o PP At A Bt 0B S s
A IR R JRE DT (e W A A

so t hat

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 ¢ylindrical form
toward the end portion of the burner in comparison with the powder diffusion plate 2.
[0025]
Furthermore, on the conical wall surface of the combustion chamber 8, fuel gas
¢jection holes 4B, 4B, primary oxygen ejection holes 5B, 5B+, second raw material
20  ejection hole 6B, 6B+ and secondary oxygen gjection holes 7B, 7B are respectively
opened.
Moreover, the above second raw material ejection holes 6B are opened at the
end side of the burner in comparison with the primary oxygen gjection holes 5B, while
the above secondary oxygen gjection holes 7B are opened at the end side of the burmer in

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



the end side faces inside the unace. 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 thereby reducing the tenperature of a conbustion gas
to be discharged. 10[0029] In the vicinity of the bottom portion of

t he spheroidi zation furnace 11, a conbi&ti on gas discharge exit 14 is
formed, whereby the produced spher0|d|zed particles are transported
to a conbubd0Rehn gas, discharged and then transferred to the inlet of
a cyclone 17 through a duct 15 and a danper 16. 15The duct 15 is
connected to a duthte isenfor pooduntdreef inergattie sphoridieedpasticins, that habsuch a
danper 16, and this duct 18 is connected to the inlet of a bag filter
19. [ 0030] sthuptutd) thecknd tof 113, firetravaintaterial supplypatit 1 2 doanedtedpotedawn t he

way and, by appropriately intaking air into the duct 18 through
the port Zﬂateﬁﬁl%m%‘iﬂiﬁdhﬁhﬁé@ tﬁfouﬁﬁ’ Eﬁé%ﬁ#d@x”dlﬂ'ﬁﬁor?ﬁ’la{e'zqm % al1Bt dffaglesiuct
18 can be adjusted by | owering. Mor eover,

connected ected
fo an i s Brte bty pEaRiORR o 95“5%%%2?%*“ ?%&Tﬁfﬁ%‘ﬁ to a
first raw material .fee In.the first rial,f.ee 3
Faw ot or {BF P%ﬁﬁﬁ@nﬁ&wwmwge SyRAtY PR 58 mifidpe R e
particle dianeter of 10 pmor nore are stored and a carrier galsum{’

a carrier ciggyméaseneepf %Méaszwppla Pefhs rreopened tawerd theembustion ¢
predeterm ned amount of a raw material powder is transported to this
carrier gabwhesd egit sidanainectedtb the enchef the respectivasupplyepathalis redighly gxpanded,

| A of the burner 2 through the above first raw material supply pipe.

The first #ndthuvalispedstdility ofthe raw? hatesiabppwrdepothbirhereflagied it itgpryvealy st em
for delivering a predeterm ned anmount of a raw material powder in

Lgﬁ tp(r)(';li‘ﬂe dé\% 2er m@gﬁgﬁvﬁénms &Bﬂﬁﬁﬂnm%hnﬁﬁﬁﬁél@ﬂmﬂeﬁﬂﬁle froma
supplied to the first raw material supply path 1A and the second raw material supply path
6A, it is possible to treat particles having a large mean particle diameter in the region
whete a temperature of the flame center portion is high and to treat particles having a
small mean particle diameter in the region where a temperature 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 cotnparatively
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 material 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 at a

25 time in an optimum state in one burner.



10As the 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, respectldely, in response to a carrier
gas supply § anmount control signal froma control device (not

shown) . [0@ %] A second raw material supply pipe (not shown) is
connected to the second raw material supply path 6A of the burner, 2,
and thi s second Fignd iHustestes an examnle of aprpdudtion appamtus efdnaraanigspheridized
raw material feeder 25. In the second raw material feeder 25, a 20
raw mat er i partiglesvsed ini the piesent iventinh, ini whiclpthe réfedenes signt H denotesm
particle dianmeter of less than 10 pmis stored and a carrier gas from
the carri ejphaaidiftppfimselr Ths hetdidibapashanced, is aogliidaesl vartical
predeterm ned anount of the raw material powder is transported to

this carri cﬂﬁ‘@?ﬂi SRICHIBAWIR tHeiBovEGeng 12aWHEREIRRS ﬁéniéwapdml

path 6A of the burne t hrough the above second raw material supply
pi pe. 25T W rat.er | feeder 25 is also equipped with a

del i very g@%?ﬁﬁwegﬁﬁée%i‘%ﬁ%etﬁéve z?cﬁ‘g a predeterm ned anount of a raw
mat eri al powder _in response to.raw naterjal powder suppl unt.
control signal &} a‘ﬁ"é‘” B’n‘ff?]?ﬁ b%‘@m Rf’é“‘(’h‘?fttﬁ%ﬁ@ﬁm‘ﬁzﬂuﬁﬁ%%ﬂ?% ar
supply pipe (not shown) is connected to the fuel _sug_gl%@path 4A of
the 5 bur ribfakeperh3 tspaned, wherebyp gpalingiajds ingrodunsd dnte age fromthegas
supply source 26. The fuel gas supply source 26 is allowed to store a
fuel gas snletthesbyrdducngfliedenprestursiof awomhsstioh RS tode dischargadef i ed
natural gas (LNG therein, that are to be delivered, and a

pr edeti@r mpgxpjanount of the fuel gas is transferred to the fuel
supply path 4A of the burner 2 through the above fuel gas supply

pi pe. 10The fuef, ﬂ@%ic‘ﬁﬂ@mfﬂl Exepo@tﬁ)ﬂ gw%@a%%mgq!’iaver y

system for delivering a“predetermned ano gas in

vt el ? . %ﬁm@%ﬁéﬁi@?&ﬁdﬁiﬁ%@ﬁ 130BheE WHERRY 07 tced {pRBofti 20 Phfrles
are transported to a combustion gas, discharged and then transferred to the inlet of 2
cyclone 17 through a duct 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 18 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



[0034] A primary oxygen supply pipe (not shown) is connected to the
primary oxygen 15 supply path 5A of the burner 2, and this primry
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 er mi ned anmount of the oxygen-conlﬁjning gas is transferred to
the primar en s I ath 5 f e burnper hrwough the ove
primary ox{9 ﬁﬂﬁ#&&l ﬁ?.HGrZ’%T hﬁl %‘F fﬁ[ﬁgﬁw 83%6’5#%4?{)8? 3‘35?%6 71is
equi pped with a, delivery systemfor delivering a predet I ned anpunt
of an oxygRawdeninthe frmplgaarss parigles withamean parficle mt%ﬁgwwnsoam
amount control signal froma control device (not shown). [0035]

A secondarare striedend 3 wamiey g5 fiom ¢ paTiergrewrpply sousesridde trensfartsds and then a
secondary 25 oxygen supply path 7A of the burner 2, and this
secondary psradegethiradrpponnpifagawinatdiial powdes ¢S tedhsparted ts thisooarkier gasangdgen
supply source 28. The secondary oxygen supply source 28 is allowed to

store e wHokAeP¥/HUE Arst MW ﬁiaﬂﬁﬁ!lghuﬁﬁ? phii€ACsfthe bitAdr PthRuER tHe@bove first
delivered, and a predeterm ned anount "of the oxygen-containing gas is

transferr ry oxygen supply path 7A of the burner 2
t hr ough tﬁgwté%%%/%?gg@gﬁggy oxygen 5 supply pipe. ' The secondary

oxygen supply squr 28 is_ al L pped. Wi t h, Livery system for
delivering a pr %@?‘gﬁtﬁ?‘ﬁgﬁt%ﬁ&%@gﬁ Pg%ﬂ“@?%‘g}ﬁégﬁfvﬁﬁ%%@g in
response to_a secondary oxygen su%oly ampunt coptrol signal froma
control delpiveringraredgismined amoupto élrg‘ﬁﬂt?éfé'@jl?ﬂ o HLRESROREE 19/3 ¥ v
oxygen supply source 27 is integrated with 10 the secondary oxygen
suppl y soumateridt powder supply amounfreantzel signalfoam asongrad didesKnos shawnho
delivery systens, and then an oxygen-containing gas is separately
del i veiped to a psithedayriengdgan osygenlcontainiier gus Having the eryizen\conoentyation of
supply pipe fromeach delivery systemand a predeterm ned anmount of

the oxygernoGahak Riofdsuehss bdypes oRGEdnareieNedSigt airdsiuded. t he primary
oxygen supply path 5A and thHe secondary oxygen supply path 7A of the

burner 152. [0088L carrier gas supply source 24 is also equipped with a flow regulating valve

for delivering a predetermined amount of & carrier gasto 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 to the second raw
material supply path 6A of the burner 2, and this second raw material supply pipe is
conneeted to the second raw material feeder 25, In the second raw material feeder 25, a

20  raw material powder in the form of fine particles with a mean particle diameter of less
than 10 um is stored and a carrier gas from the carrier 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



Herei nafter, an exanple of a production nethod of spheroidized
particles using such a production apparatus will be described. Froma
first raw material feeder 23, a coarse powder having a nean particle
20 dianmeter of 10 pin or nore is transferred to a first raw materi al
supply path I A of a burner 12, and thef ej ected toward a conbustion
chanmber 8 fromfirst raw material ej ectd on holes 3 t hrough a raw

material diffusion ch el 9. Fr ' a
Fine pondel RN ARa edmeb R FEE L BRE Bharihe (585 Hiperi
transferred to a second raw npterial suppl at h 6A of burner 12,
and then c)¥eEIrply AmANRE eoniro %WL%PM‘PP"SH% jee gngt * second raw
material ejection hole 6B. 17 Herein, the reason why the

suppl y des[IODHition of the raw material powder is divided by the nean
particle diameter of 10 pmis that the raw nmaterial powder having the
mean particl e disfiel spplyfpigedast shinsm) 14 Gompecthdito the fichaipplyi path &5 oftheh as
poor dispersibility. 5[0037] A predeterm ned anount of an

0XYgen-5COoMjuaiel 2ra8id 8iS fuebsupply pipti® chnbétedray &/ fualkysg euppiyitas 26at Théfehnd
a secondary oxygen supply path 7A of a burner 12, respectively, from

3 Pri ey AXYARIY SHRRIE PANNER P hoRRA G SANIRY AP SILRR oks

source 28,” a . ( toward a combustion chanber 8 thraough
hol ”T ¥Bf’x%?é?g%&i@#e@%%%ﬂ%fﬁ?N@?ﬂ%f%?ﬁ%ﬁc%dﬁ‘e‘é e L Lol

4A 1 2 d
Then 5] SoRBHCIogRe ABOBBh A ekt aBEPTEY Bt otior e P peged &bt on

hol es 4B. [0038] 15Two kinds of raw material powders each having a
di f f er ent byener 2 hvough therabavie fegl ges waply RS- t he f1ane are respectively
melted by heating in a central region at a high tenperature and an
out si d@ regi on Fhe fiel gas stupplp eoumta 26cis aquippddewittsptiadiveiydy e foraleljvering
spheroi di zeci particles each having a different particle dianeter.
Th reT; e f phermédétezathedafost of 3 fitdl gad iaespbverted fiid gas suyplly amourt £ohitelm a
conbusti on

signal from a control device (not shown).

[0034]
A primary oxygen supply pipe (not shown) is connected to the primary oxygen

15  supply path SA 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-containing gag therein, that are to be delivered, and a predetermined
arnount of the oxygen-containing gas is transferred to the primary oxygen supply path SA
of the burner 2 through the above primary oxygen supply pipe.

20 The primary oxygen supply source 27 is equipped with a delivery system for
delivering a predetermined amount of an oxygen-containing gas in response to 4 primary
oxygen supply amount control signal from & control device (not shown).

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

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



20 gas discharge exit 14 of a spheroidization furnace 11 through a
duct 15 and a danper 16 while floating on a gas of a conbustion gas
produced froma burner 2 and air to be introduced froman air intake
port 13. By m xing the conbustion gas with air, the tenperature of
the gas to be introduced into the cyclone 17 decrease to reach the
tenperature suited for collection of th® particles in the cyclone 17,

25[ 0039] 18 I n tr%:yc clone 17, am)g? t.he spheroi di zed ;
particles FAMBESPLIP 45500 SenoﬁﬁlPé"YéBWQ? di ¢ ORI SHPRY
formof coarse partjcles are col]lected. The gas discharged fromthe
cycl one 17squscetfﬂah alowyaddy store the plnyeoxygearcontaning %thf%{ngb@ta’eﬂ bewher e
spheroi di zed particles in the formof m crospheres anong the

spher oi di zéslivered; dndl aqredetarmbned lanounted the axyadi-containing p4s intransfuredyo thehe
danper 16 of the duct 15 is closed, and a gas is allowed to flow in
the duct I1&cenddry exyden agiplyypdth 24 8f the beshet D thrgphtihgatiové iseondaly otypes

making it possible to collect all spheroidized particles in the bag
filter.s | nghRlvhigase, when the tenperature of 10 the gas nust be
| ower ed, an appropriate anmount of air can also be mxed in the gas

froman air int ' ' : S .Ch
obt ai n spheroi d%gég%égﬁgr&enﬁ%ltéo%&p%ﬁ? ;ﬁjgplg&d# %ﬁe g:ﬂra,cdcmiygﬁystem
nearly agrges W t.h that, of .a raw material powder,., by using t he above
oper at i on B Ae e fPrRdpemned 80w, o 4R CRyp TSRl ing EpsdR reapon To &
specific exanpl es are descri bed. (Exanple 1) ., ,Using the
prooduct i orfeEaRyAxYEerbuPPIYAmPNRL contyphiigns] Bpmaroptelderice dot shom)i n
Fig. 20 3, spheroidized particles were produced. _As the entire
raw mat eri al povitierlso possitls that tho primaryaixy2eh sapply sowrrce 27 Wrigpgrated withi t h
oxygen at 7.5 NnB/h as a carrier gas. As a fuel gas, LPGat 5 Nrn3/h

was sudp! ithelsecdadaryexyeien supplyosoyare 28 aad theiinefngted asurceia provided fwithf two
oxygen at 20 NnB/h was dividedly introduced into a burner 12 to

e i e
more was qeLEl GBS 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 production apparatus will be described.
From a first raw material feeder 23, a coarse powder having a mean particle
20 diameter of 10 im or more is transferred to a first raw material supply path 1A of a
burner 12, and then ejected toward a combustion chamber 8 from first raw material
¢jection holé.s 3 through a raw material diffusion chamber 3.  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 burner 12, and then ejected

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



19 [0042] At this tinme, 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 oxygeni1 according to the particle
size of the raw material powder, and t 'Ls studyi ng the condition that
can achieve the yitrification ratio of 98% or re. . JThe
results of the tl'xeé%l'f‘ Afeeses Ve Pa‘wpﬁh‘?eéw%ﬂmﬁg%aéwm%ﬁbpw%gn
particle dianmeter 01 30 pmand the raw materi al powder havinpg a, nean
particl e diisded by themeanpasticlediameaterafid Oium wsithpt the rawimgterizl poyerhaying 1.
In the case of treating the raw material having a mean particle

di anet er cthe 8@an particle demetar ofiiksctham10 pmide chansteristiescuelasigmoough t he
first raw material ejection hole 3. In the case of treating the raw
mat eri al hdispefigbiityrean particle dianeter of 2 p.m the raw nateri al
powder was ejected through the second raw material ejection holes 6B.

15The rsaw [gggﬂri al having a nean particle dianmeter of 30 pm was
coll ected by the cyclone 17, while the raw material having a nean

ticle di t Js 7 ' i t hout
B e, oot Bl S50 A B 03 HAAED pife] Pt
b N B e
apparatus described in Patent Literature 3. 20 [0043] [Table 1] Mean
particle dPERREvElY, 5P BRMAY OKYSEN SERRNA BAUTeertT) and 2 FREQNary Oy yEsh SHRPLY

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

10 ejection holes 5B and secondary oxygen ejection holes 7B,

A predetermined amount of a fuel gas is fed into a fuel 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 a different particle diameter
ejected into the flame are respectively melted by heating in a central region at a high
temperature ax;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 cyclone 17 from a combustion

20  gas discharge exit 14 of a 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 infake port 13. By mixing the combustion ges 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,

25 [0039]



Secondary oxygen EGA] Throughput capacity [kWi] Mean particle
spheroi di zed dianmeter of ,articles [pn] Prior art The present
I nvention 30 25 75 20

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 duet 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 elosed, and a gas is allowed to flow
in the duct 18 and is directly transferred to the bag filter 19, thus making it possible to
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 ¢an 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 & carrier gas.  As a fuel 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 to produce spheroidized particles, and then a spheroidization

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



36 31 2 40 60 20 7 3 [0044] 5As a result, as shown in Fig. 4 and
Fig. 5, the vitrification ratio of 98% or nore could not be obtained
under the condition of 50% or nore (primary oxygen) and 50% or | ess
(secondary oxygen) using raw nmaterials having any particle dianeter.
Al so, in conparison with the prior art,,a significant difference was
not recogni zed with respect to an inflh%nce of primary oxygen and
secondary @m % 10 The results shown in Table 1 reveal ed that

i norgani c K& oi di zed particles having a dianeter nore close to that

of the raw mater an be obta| ned b usi er, in the. [esent

i nventi on. [0043#1%@% OPPE98;of 8 %gegltq g%ﬂlp?)@?/ﬁ&ma@

mat eri al povvder t hree Ki nds of raw material powders, for e

raw mat er | %ﬂygﬁbﬂé@@nholfé\ﬁ ﬂ@*‘-ﬁ‘é’&ﬁf&%&ﬂﬂ@Féeﬁﬁmpﬁgeﬁﬂei%mg?nﬁesaﬂ} aw
mat eri al powder B having a nean particle dianeter of 2 pm and a raw
mat eri al peemadargokpgenhyaschanged within 2 cange fioanftocl00%f (pampm aiygen) raedi aby
m xi ng 35% by wei ght of the raw material powder A with 65% by wei ght
of the § avyangd fesrh 400 ROdM¢ecBhdary oxygen), according to the particle size of the raw

tnaterial 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 2 mean particle

diameter of 30 um and the raw material powder having a mean particle diameter of 2 pm
10  are shownin Fig. 4, Fig. 5 and Table 1.

In the case of treating the raw material having a mean particle diameter of 30 ym,
the raw material powder was ejected through the first raw material ejection 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 material having 2 mean particle diameter of 2 pm was
collected by the bag filter 19 without through the eyclone 17.

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

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

20  apparatus described in Patent Literaturs 3.



20 were prepared. 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 Nrn3/h as a carrier gas.
As a fuel gas, LPG at 5 N8/ h was supplied. Oxygen at 20 NnB/ h was
supplied to produce spheroidized particles, and then a
spheroi di zati on t hroughput capacity thé? 5 achieves a vitrification
rati o of Qﬁ%aﬁr nore was determ ned. [0046] Usi ng the burner in
the present™IMvention, a raw material A at 7 kg/h was transported
with oxygen at 5.25 NnB/h as a carrier gas to first raw materia

ej ection hidplls 1 , and a raw material B at 13 kg/h was transported

w th oxyg [h as carrjer 10 gas tg second raw materi
ej ection h('MwI.@Bicler' aPlti.\ﬁﬁly gag coh&’%et N Wean pantiplei dsinatey of
ftiel gas| dipmetercfiraivo eﬁ_ Y Balh oﬁ"lﬁ?@‘ert@hmoﬁingc artiales POn]
NnB/ 11 wasmatenralghedidsr | n s ced Pﬁnpri % xygep.ej ect i ofhehpdsest SB
and secorjdary [@aygen fj etE % on |hol &8I 78 |t o duge g’f;‘?#é‘ﬂoi di 718@ntion
particles, énen a Sphgrordrzatj_on tnrgégnput capacrtyjrnat
achi eves la vit#9ficatj on #atid of 98% dr e was d rmi ped. 3!
15[ 0047] t thils tijge, 3 thréaughput ?@pamty ok a burner,was
I nvestigdted by fixing the praportion of oXygenito bé supplied to the
primary oxygen ejection holes 53 (primary oxygen) and the secondary
oxygen ej ection holes 78 (secondary oxygen) to 30% (primary oxygen)
and 70% ( gegqdary oxygen) according to the particle size of the raw
20 material powder thereby adjusting raw material powder supply

amount s The T esylctseditieaclhons it Figl ARACFE 5, i3k R4S RiI6F S836br mifean

particle dianeter o
could not be obtained under the condition of 50% or more (primary oxygen) and 50% or

less (secondary oxygen) using raw materials having any particle diameter.
Also, in comparison with the prior art, a significant difference was not
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 & raw material powder, three kinds of raw material
powders, for example, a raw material powder A having a mean particle diameter of 15
lim, a raw material powder B having a mean particle diameter of 2 um, and a raw
material powder C héving a mean particle diameter of 5 um obfained by mixing 35% by
weight of the raw material powder A with 65% by weight of the raw material powder B

20  were prepared,



material [pn] Throughput capacity [kg/h] Vitrification ratio of
spheroi di zed particle [%9 Mean particle dianeter of spheroidized
particle [pm Present invention Raw material A: 15 Raw material B: 2
Total: 20 Raw material A'? Raw material B: 13 99 7 Prior art Raw

material C 5
2]

Using a burner of the prior art described in Patent Literature 3, a raw material
powder C at 20 ke/h was supplied by transporting with oxygen at 7.5 Nm®/h as 2 carrier
gas. Asafuel gas, LPG at S Nm¥h was supplied. Oxyzen at 20 Nm*/h was supplied
to produce spheroidized particles, and then a sphercidization thronghput capacity that

S achieves a vitrification ratio of 98% or more was 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 raw 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 gas to second raw material jection holes 6B. As a fuel 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
gjection 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 SB (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.



16 98 10
I norgani ¢ spheroi di zed particles having a di aneter
can be efficiently obtained by using a burner
[ Ref erence Signs List] [0050] 101
supply path 2
ej ection hole 4 Fuel

gas ejection holes 5

of the raw materi al
structure in the present
First raw material supply pipe | A First,raw materi al
Powder diffusion plate 3 First %ial

supply pip
Primry ox%%

[ 0049]

4A Fuel

i nventi on.

raw mat €
supply path 4B Fuel
supply pipe 5A Primary oxygen supply path

5The results shown in Table 2 reveal ed that
nore close to that

5B

Primry OXM%Efézﬁ’j ection holes 20 6 Second raw material supply pipe

10

15

20

. Vitrification | Mean particle
dli\g;a:t 5_ a;?ﬁ:v Throughput ratio of diameter of
material [jurn] capacity [kg/h] spheroidized | spheroidized
A particle (%] | particle [um]
. Total: 20
Present | Raw material A: 15 .

. h ping Raw material A: 7 99 7

invention | Raw material B; 2 Raw material B: 13

Priorart | Raw materal 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]

(00507

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

3 First raw materia! ejection hole
4 Fuel supply pipe

4A Fuel supply path

4B Fuel gas ejection holes

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

6 Second raw material supply pipe




6A Second raw material supply path 6B Second raw nmaterial ejection
hol e 7 Secondary oxygen supply pipe 7A Secondary oxygen supply path 5
7B Secondary oxygen ejection holes 8 Conbustion chanber 9 Raw

mat eri al diffusion chanber 11 Spheroidi zation furnace 12 Burner 10 17
Cyclone 19 Bag filter 23 First raw matgrial feeder 24 Carrier gas
supply source 25 Second raw material fetder 15 26 Fuel supply source

[ZZ:L,IZ\Ir :\/g?ryﬁgﬂ&%ﬁriypﬁltéﬁafﬂiﬁbﬁepaaﬁ Secondary oxygen supply source

6B Second raw material ejection hole
7 Secondary oxygen supply pipe
7A Secondary oxygen supply path
5§ 7B Secondary oxygen ejection holes

8 Combustion chamber
9 Raw matetial diffusion chember
11 Spheroidization fixnace
12 Burner

10 17 Cyclone
19 Bag filter
23 First raw 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 source



[daim1] A nmet hod for producing inorganic spheroidized
particles, conprising a step of producing the inorganic spheroidized
articles by neans of a diffusion type burner, 5 wherein t he

burner conprises a first raw nmaterial supply path, a fuel supply
path, a raw material diffusion chanber 24a primry oxygen supply path,
a second raw material supply path, a secondary oxygen supply path,
and a conblCkaBSkchanber, a coarse powder is supplied with a carrier
gas fromfirst raw material ejection 10holes of the first raw

mat eri al s{@pinyljpath provi ded at the center of the burner to the raw
mat eri al diffusion chanber provided at the end of the first raw

material supply Aadethod for prod@irf%%‘érgﬂﬁ@ sﬂh%ro‘fdiﬁ&&?aﬁﬁlésr %op{]r%égitg akFep of

ejection holes of the fuel supply path “provi ded on the

circunfere - ' ' [ ef the conpustion
chanber pr g@lﬁudpgﬁdg %?%O%ﬁh%{%g%%{ﬁﬁ%?%e%iéﬁ gﬁmotxﬁ%?\ rg'iar I n
a 15di rsect%vgn parallel to a central axis of the burner, an
oxygen-con ng gas is supplied fromthe prinmary oxygen supply path
t hrough primary oxygen ejection holes that are opened on the side
surface of the diRATiCOMPRHA TR T2 mpderiabsupplyrpathy 8 susl surply patinw, raw

a fine powder is supplied with the carrier gas fromthe second raw
mat eri al 2watendl diffuspatdhamhberpa gimetyoxygerongply pathpaseepaditavanatetialaopply
hol es that are opened on the side surface of the conbustion chanber

and f or medpat, aévendaty bxggetiaupply pathpadiacombustion chiygbdey | mary oxygen
ejection holes in a direction parallel to the central axis of the

burner, and an @¥NASpEWRIRE éﬁhﬂi&d@ﬁ% A SargeHRs fr64 ﬁr&t@%hﬁ%ﬁfaﬁgﬁgg

oxygen supply path t hrough t he secondary oxygen ejection
t hat ampe | cles | h r_and
Formed at "R cEuefirs i letiiaf Uch BBt brobtdfs S SRR REGS ByfRIBR AL ¥

material e goth gf%m@i?)h%ﬁémﬂegp%v%e%]at the end of the first raw material supply path,

a fuel gas is supplied from fuel gas ejection holes of the fisel 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 to 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 oxygen ejection holes in a direction parallel to 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 w £2h the burner, and the cycl one
and the ba {Igﬁ el al g 1seri ally disposed at the downstream si de of

t he sphero CHZ QYJHHOBBOE. | hace so as to simultaneousl y produce

i norgani c g(ﬁh,em' di zed particles having different 10particle size

di stri buti 8rdm2lq ai m 3] The met hod for producing inorganic
spheroi di zed particles according to claim1, further conprising a
step of col | ect iThg method favprgduding inptganio spliereidizedparticlesascording e clainmrib,
by neans of a bag filter, wherein 15a vertical spheroidization
furnace i sfiether coppeisimgt h t he burner, and the bag filter is disposed
at the downstream side of the spheroidization furnace. [C aim 4]

The ing gani ¢ sphenHQfdbliREndaladeGaftitleR %}r%&d&ﬁﬁoﬁt&cﬁ:ﬁ& affgt hod for
produci ng i norgani ¢ spheroidized particles accofding to any one of
claims 13. 20 g gep of collecting fine particles by means of & bag filter, wherein

a vertical spheroidization furnace is equipped with the burner, and the cyclone
and the bag filter are serially 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 is equipped with the burner, and the bag filter
is disposed at the downstream side of the spheroidization furnace,
[Claim 4]
The inorganic spheroidized particles obtained by the method for producing

inorganic spheroidized particles aceording to any one of claims 1-3.

20



