| [DESCRI PTION] [TITLE OF I NVENTI ON] BURNER FOR PRODUCI NG | NORGANI C
SPHERI CAL PARTI CLES [ Techni cal Field] 5[0001] The present

i nvention relates to a burner used for production of inorganic
spheroi di zed particles, and a production apparatus of inorganic
spheroi di zed particles that uses this Qurner. This application clains
priority on Japanese Patent Application No. 10 2008-201301 filed on
August 4, DESCRIPFEONpntent of which is incorporated herein by

ref erence. [Background Art] [0002] An i norgani ¢ spheroi di zed

particle | TIPHE OFBVENTIONT i ng a raw material powder 15 produced by
crushing silica rock in high-tenperature flame and spheroidizing this

powder by gﬁlﬂi‘,}[@ oS¢ SPRIERTRIAG, P AM pure

spheroi di zBé Si |If:gﬁ?}1zat IE%%?%QM?SUSI ng é%ﬁ%ﬁr@% as a raw

mat eri al :ﬂ. i del . ysed as a filler for an epoxy-sealing material of
il ol

a sem con e, and a lot of nmerits such as inproved fluidity
of a se Igﬁa terial, 20 high filling anmount, and inproved abrasion
resi st anc be obtai ned by spheroi di zi ng. In the present

description, an inorganic spheroidized particle may be sinply
descri bed as a Jhnpresendinventionanelatasitea bimenskd for production ofdnaxgami¢ or art
regardi ng the production of an inorganic spheroidized particle, 25
t here ar e spheroidided paisiclis,sant apeniincttorRaiperatus lof Inergahicrsplerdidized gerticles that
uses this burner.
This application claims priority on Japanese Patent Application No.
10 2008-201301 filed on August 4, 2008, the content of which is incorporated herein by
reference. |
[Background Art]
[0002]
An inorganic spheroidized particle is obtained by melting a raw material powder
15 produced by crushing silica rock in high-temperature flame and sphereidizing this
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,
20  high filling amount, and improved abrasion resistance can be obtained by spheroidizing,
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,

25  there are the methods disclosed in Patent Literatures 1 to 4.



Because high-tenperature flane is needed for the spheroidizing of raw
mat eri al powder, a burner of an oxygen-gas conbustion systemis
usual Iy used. Exanpl es of the burner include a prem xing type
burner and a diffusion type burner. In a prem xing type buster,
oxygen and a fuel gas are prelininarilé m xed and ejected to the
conmbustion place. Meanwhile, in a diffdsion type burner, oxygen and a
fuel gas are se eLocle d st :
[0004] FREAE WLk AT BE R o ISR St il
disclosed in Patent Literature 2, while the di.ffusion type burner is
used §nt HROVASE rauEmet b SRyBt o4t coliBnoriy ey tHial el 4T "2 .
The diffusion type burner disclosed in Patent Literature,k]l has the
concentric doub/E¥amp & of the merinai Bepwmrsrpebwaé&anﬁraedl Hon ey
between the inner pipe and the outer pipe. This burner is disposed in
a verti cal bumarnalne, premiging typsmburaen, erygen fnd 2 fuel gas enecpaeltrminerily mixed and
spont aneously or flowed down with pressurization through the central
pi pe (iSnnediectdd tp thregonmbustidnepldver nMeanwliitk, intediffasiomiype birakr, popger and s
supplied into flame made by a fuel gas fromthe small pipes and an
oxygen ga%élr%yhéh@%a%t&lgrejdatea%na fhikddek Rombadieaplae el ted silica
spher oi di zed body. T0005] In the prem xi ng type burner
disclosedJrQU@hIent Literature 2, raw material 20 powder, oxygen, and
LPG are s Iciently mxed in a burner, and the raw material powder

5 SUnPLle0 Gyd T R 1 08 e bR MR i 2y My
BT e L TR NER T R T

or an oxygen-enriched air as a carrier 25 gas, a fuel gas is supplied
t hroud® tredduter circunference thereof, the primary oxygen 3 and

t he secondary oxygen are supplied through the further outer

ci rcunf erence t k¢ diffusion nybe bander digelosed dn Puatiifestyre dhagithel cancentrid t he
nost outer circunference to thereby cool a burner. In

addi tion, Jogkiepipelis WRlcRlaUSEST sthaB Pibed ardippéuli@dchefiten BRARRT Pipetah@theuses
such a 5diffusion type burner to producCe inorganic spheroidized

ticles. ; i i ' '
R e

spheroi di z e as shown in
Fig. 6, a aw material powder, s ff Lr r erial roA
ond car | S0P SPaR PRy S dobmitt esrutiZAh b L i hipd AP
supplied 10 through a cajrier gas supply device A . Into the burner
B, o §en PiRCOH GhBGRFy 891 b6 Y Siatecal TTet s UBRad it FRTe PeLEORR e  cum
gas (LPG froma LPG supply equipnment D are supplied.

gas from the small pipes and an oxygen gas from the outer pipe to thereby produce a

D ~

melted silica spheroidized body.
[0005]

In the premixing type burner disclosed in Patent Literature 2, raw material

20  powder, oxygen, and LPQ are sufficiently mixed in a burner, and the raw material

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 ¢enter using oxygen or an oxygen-enriched air as a carrier

25  gas, a fuel gas is supplied through the outer circumference thereof, the primary oxygen



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 15 path F, and then the
spheroi di zed particles are collected by the follow ng cyclone G and
bag filter H [Citation List] [Patent Literature] [0007] 20[ Patent
Literature 1] Japanese Unexam ned Patent Application, First

nexam ned EaRes %ﬂ%ﬁi’%ﬁ P st Beqgh % Aeou e BROERSH
Lit o at ur RIS R B oRg i ibd B B oftel e o BREB bt e

[ Techni cal, Problem 5[0008] In the prem xi ng type burner

di scl osed BWmeBat ent Literature 2, oxygen and a fuel fluid such as LPG
are prelimparily mxed in the burner. This type of the burner has
such a struct ur én additiona PatenttLitetatuses baydybdisclose 2 appasaiugthst uses sichét ed
fromthe end of a nozzle, and therefore, there is a possibility of
backf i rse idiffasiéringpbdburnerto piodivkeinovigadie sphieroidined phirfidlessi on type bur ner

di sclosed in Patent Literature 1, there is

[0006]

'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 ges that is supplied
10  through a carrier gas supply device A’,  Into the burner B, oxygen from an oxygen
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 B
are cooled with air introduced into the bottom portion of the vertical firnace E through a
15 path F, and then the spheroidized particles are collected by the following cyclone G and
bag filter H.
[Citation List]
[Patent Literature]
[0007]
20  [Patent Literature 1]
Japanese Unexamined Patent Application, First Publication No, Sho 58-145613
[Patent Literature 2]
Japanese Unexamined Patent Application, First Publication No. Sho 62-241543
[Patent Literature 3]

25 Japanese Patent No. 3,331,491



no possibility of backfire, but the raw material ejection hole and
the fuel ejection hole are adjacent, and therefore, raw materi al
particles are ejected into the | owtenperature flanme that is not

m xed well with oxygen. For this reason, the problens were found in
whi ch the sufficient heating due to the flame could not be achieved
and the nelting state was 15insufficieflft, resulting in | ow
vitrificatg &&Hfﬁﬂﬁ&d%% particles. It is considered that splieroidized
particles having a vitrification ratio of |ess than 98% are not

preferred from the vi oi [t rmal expansi on when the
spher oi di zed parfREFE ﬁfé‘:ﬂ"a:g;]ﬁit’&%ers for a sealing material of a
sem conductor device. [0009] 200n the other hand, the raw nmateri al
powder is [Fummagy effavertiopkd in flane by forced convective heat
transfer mainly due to the flane, and is spheroidized by its surface
t ensi on. |[fechmgcatiPioblesilon type burners having the structure discl osed
in Patent Literatures 3 and 4, the conbustion chanber is provided,
and thé adgoegjati on state of the produced 25 inorganic spheroidized
particles is inproved in conparison with the burner disclosed in 5

h

Pat ent Li t er at Uyd ordo) Rl dOSHER isclsbeR in Pk ichirind b, BGYEIPAR dut]

various nean particle dianmeters were spheroi di zed |

combust i O R as L?Bfaﬁé FRARNEY B e ﬂ%‘@%ﬁrﬂeﬁ."hﬁﬁﬂ o?ﬂienguﬂ@ﬂ&

particle er o e raw rra{ erl a{i er decreases,
aggregation . was_enhapced and the spheroidi zi ng amu decregsed. In
2aat £ on, BeHE SoRie et S mEris angeidRa e Bl pids AR R RE B anet o1
of the spherqidized particles processed by the flane becane | arger
than the measie,sad thesslaredinangds @possioility af b@éﬂ%ﬂ‘éﬁh%@%ﬂer .
10Therefore, it was found that the burners disclosed in Patent

Li t er d0ur es 3 alvibanwhits, in the diffukionitypetbutrer distlased in Patentdliteratiirel i Abete is
particles with snmaller nean particle dianeter. [0011] In case a raw
materi al  povWwdssibilitytof buckdies, at the edvemateAial eféctivh hélybhdthe dipdl ajetttoch Hole are

adjacent, and therefore, raw material particles are ejected into the low-temperature flame
that is not mixed well with oxygen. For this reason, the problems were found in which
the sufficient heating due to the flame could not be achieved and the melting state was

1§ insufficient, resulting in low vitrification ratio of particles. It is considered that
spheroidized particles having a vitrification ratjo of less than 98% are not preferred from
the viewpoint of thermal expansion when the spheroidized particles used as fillers fora
sealing material of a semiconductor device.

[0009]

20 On the other hand, the raw material powder is heated and melted in flame by
forced convective heat transfer mainly due fo the flame, and is spheroidized by its surface
tension,

In the diffusion type burners having the structure disclosed in Patent Literatures
3 and 4, the combustion chamber is provided, and the aggregation state of the produced

25 inorganic spheroidized particles is improved in comparison with the burner disclosed in



ball m Il crushing using this burner is treated, since fusion between
fine particles or 15 fusion between fine and coarse particles occurs
in the flanme, there could be observed a situation in which particle
size distribution of the charged raw materi al powder is different
fromthat of the obtained spheroidizedcparticle product. [0012] Thus,
an object of the present invention is ?o provi de a burner for

product i onp@fine 2herda )ani ¢ spheroi di zed particles, which has no
possibility onft ge El?(f ?e and can produce inorganic spheroidized

particles @gi’d ng a high vitrification ratio, and al so can produce
spheroi di z aarticles havi ng the objective particle size

di stribution w thout causing a variation in a,nmean part,iclg dianmeter
of a raw mat eri atONFEHIEREH, |’ﬁi}eqq¥8°ﬁﬁgﬁg’§£ VBR““GF%‘?‘BP&‘%’F%ﬁ 5a
production apparatus of inorganic spheroidized particles. 25[ Sol ution
t o Probl eryers gpleoidiagd inthesemscombustioniampunt; the tadency vasfownddn whishaet s
a first aspect of the present invention is a burner for production of
i nor gadi ¢ thpireampatiicdie diamater pfthe saw materialdiomglendecraasss, thaaggregation sas
supply path through which a raw material powder is supplied 5

t oget her vdnhihcad & the Sphegadizing amountaletresdedsuppl y path di sposed around
the outer circunference of the first raw material supply path,

through which a i@ fhel Rids§6lind in whichFh@bdBaktix diaRBteP bR Y
pat h di sposed agl{)%ﬁglt gleéealtdg#b?ci rg'cumc enrlgrl?'(t:cg%éf tﬁgﬂftljel 1supply pat h,

e
priery Or(aen SURR Rl LEGQUOn which 2 raw et ol pouer

supply path di sposed around the outer circunference of the second raw
mat er i1 suppl y Therefere, éhwasdepndithat dhe busnessJisclesed i Batent Aderghges Land 4
supplied; 15a raw material diffusion chanber connected to the end of
the first weeinsufficientdh obtain the spheroidized particles with smaller mean particle diameter.
[0011]
In case a raw material powder with wide particle size distribution obtained by
ball mill crushing using this burner is treated, since fusion between fine particles or
15  fusion between fine and coarse particles occurs 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.
[0012]
Thus, an object of the present invention is to provide a bumner for production of
20  inorganic spheroidized particles, which has no possibility of backfire and can produce
inorganic spheroidized particles having a high vitrification ratio, and also can produce
spheroidized particles having the objective particle size distribution without causing a
variation in a mean particle diameter of a raw material powder during the process of

granulation, and a production apparatus of inorganic spheroidjzed particles.

25  [Solution to Problem]



supply path through a powder diffusion plate having a |ot of fine

hol es; and a conbustion chanber connected to the raw materi al
di ffusi on chanber, that has a radially expanded exit side; wherein
each of the ends of the fuel supply path, the prinmary oxygen supply
path, the 20 second raw material supply path and the secondary oxygen
supply path is opened to a conical wal 8 surface of the combustion
chanber; [0013] openi ngs of the fuel supply path are ejection holes
that eject*a %uel in parallel to a central axis of the burner from

the wall surface_of, the conbysti.on chanber.:. .7 0 i ngs_of the
pri mary oxygen gﬂﬁfﬂe&gﬁﬁ‘r‘?"%ﬁ@ “@ﬁ%@#’ gflé%ﬁfp&ﬁlpﬁgf?ae&eﬁeﬁét

ej ect an oxygen-containinhg gas in g direction of formgtion of

ot at | onal inVERSARASA bRBSTIBHITOGCtIEN oL AaFEBRIe SPIAIZALPATARIFS, Thige of
the combustion chanber; openi ngs of the second raw materi al
suppl y path ar e adjretasw onatérizl sspplyppathetirangh mbéchs rawanatérind powvder ieesuppliade r
fromthe primry oxygen ejection hol es; and openi ngs of the
second@ y @b withupgamyer@as,h are ej ection hol es opened to the end
side of the burner fromsecond raw material ejection holes. [0014] A

second aspect of, f&é]%uﬂ:[lﬁﬁﬁﬁiis%ﬁk)é&!&f&xﬁ&‘ﬂie%u&?cﬁ‘@ﬁ%@hé&oﬁtﬁ’éﬁﬁfﬁdﬂﬂi on
of 10 inorganic spheroidized particles, including a vertical

spheroi di i - i i y at the top portion
of the fufxﬁ%{%@ﬁis@ﬁﬁﬁéfﬁfﬁ%ﬁk&%&%ﬁ%}rgépgisr%g{élg,on; and a cycl one and
a bag filter that ,are disposed, at .t he downstream side of .t he

Spheroi di zat | on HPEFHELERER Sipplvakats fiiessed spund i aptes iresmiergiee of thecs
In the second aspect of the present invention, it is, preferred to be
equi pped vielsunmly sath thequehavich an XY geRcRoptaiTRG 35S BBRISDH| | i ng a
carrier gas and a raw material powder that are supplied to a first
raw neleri al suppeopnd avhmatedakbsupply path dispasaderreunddhe ontersirpumieranceof t he
burner, respectively. In the second aspect of the present invention,
it is prefths pdatyoxydenl supisly pathothfough athich a rasnaeriub powdsd id suppliddag
filter through a cyclone, and a path that is connected to the bag 20

filter w thouder GWthQuahick Bgs;cycl one, each path being sw tchable.
[ 0015] In the second aspect of the present invention, it is preferred

to be provided Wséé&n{{]ééﬁ g{i}f%ﬂa?gﬁpﬁ ?@é g@#@@h YrolRY }hg%gte%ir&hk&@ﬂexé e W

mat eri al powders “eac partic lanmeter 1n the
first raw sggir}n Taw lma'?e%%ﬂ'm%pﬁraﬁa&, ﬂx@gug%m%i&egnoo%génq%maining gas is supplied;

15 a raw material diffusion chamber connected to the end of the first raw maierial

supply path through a powder diffusion plate having a lot of fine holes; and
a combustion chamber connected to the raw material diffusion chamber, that has
aradially expanded exit side; wherein
each of the ends of the fuel supply path, the primaty oxygen supply path, the
20  second raw material supply path and the secondary oxygen supply path is opened to a
conical wall surface of the combustion chamber;
openings of the fuel supply path are ejection holes that eject a fuel in parallel to

a cenfral axis of the burner from the wall surface of the combustion chamber;



25 material supply path of the burner. S In the second aspect
of the present invention, it is preferred that the cyclone collects
coarse particles, and the bag filter collects fine particles.

In the second aspect of the present invention, it is preferred that
the bag filter collects particles in one |unp. 5[ Advantageous Effects
of Invention] [0016] The burner &f the present invention is a

di ffusion t b , and therefore, backfire d t .
Nor eover, when @PPRTBSAEHSTIRA Gs¥RSR SYRRY PP S PERKEY GKfeet EFdonmales o

is supplied to a first raw material supply path and a raw nateri al
powder havﬂzﬁgjema:aowan-porwmea%m@i%ﬁm@rofﬁm%ﬁ wistiopal Jowgn
raw materi al supply path, particles having a small particle dianeter
can be sufdombuetivn chambértfedn the wallrserfecsrof theaombustiontchampestat ur e of t he
flame outer circunference portion is |ow and particles having a |arge
particle di amet @Ee:ﬁ@ga of chesudond eive ateyiabeipplgpattreracjectipndolenbpered tdhe
tenperature of the flame center portion is high. A so, since the

par i clses dAauidas febiilot BRIt g oAiBhefecdSiRbiey ol satisfactory

dispersibility, 1t is possible to & ect the particles fromthe second

raw material su t ' ke | |

vol unme, and to § g%rlﬁ’%g?eabgﬁa ofal %@9?8@?5%&*? %ﬁ#ﬁ%&&]ﬁfﬁ%ﬁ%ﬁ&e
hand, since,the rticles having a |l arge particle dianeter have
sati sfact MS@F%@F&’F@F}’ ﬁ-?x%seqqngir%wwﬁsgpbq?%cn%ﬁgl]e%ct the particles
fromthe second raw material supply path that enables a decrease in
di sper si on%lume, and to 20satisfactoril y disperse in the flane.
Therefore, according to the production apparatus of spheroidized
particles of thd sprandaspect ofitherpriceent invention ipusanparatis for presdvetion ef ze
both particles having a large particle dianeter and particles having
a smallp pandrpaliesphenidizadpanitidssincleding y vemicatspharoidiyativrefumcd équipped
dianeter and to obtain particles having a high vitrification ratio.

25Accor di Rgihthe blimbiSar BRISH Pérflod 6f HE AFHLER iF PIGHEIIS doRdwrAl ditebtich; B Ng
a particle 9 dianeter or” particle size distribution corresponding to

the raw maLan) &ldS¥iB fiferhal L hiSPosER $Ghe BdvinRibesth sith 81¥nE §Heroidization

fumnace to collect inorganic spheroidized particles.

In the second aspect of the present invention, it is preferred to be equipped with
15  control means for independently controlling a carrier gas and a raw material powder that
are supplied to a first raw material supply path and a second raw material supply path of
 the burner, respectively.
In the second aspect of the present invention, it is preferred to include a path that
is connected to a bag filter through a cyclone, and a path that is connected to the bag
20  filter without through the cyclone, each path being switchable.
[0015]
In the second aspect of the present invention, it is preferred to be provided with
two raw material supply devices of supplying raw material powders each having a
different particle diameter in the first raw material supply path and the second raw

25  material supply paih of the burner.



[ 0017] Fig. 1 is a schematic sectional view illustrating an
exanpl e of a burner of the 5present invention. Fig. 2is a
schematic side view illustrating an exanple of a burner of the
present invention. Fig. 3 is a schematic configuration diagram
illustrating a production apparatus of _inorganic spheroidized
particles of the present invention. 10ﬁig. 4 is a graph illustrating

a relation betweepn the fl and the vitrifi | |

primary oxyge nwthgxeggccogﬁagq\%{ %eg%rig S Lmﬁf{ﬁ?& lt){s p‘f&%ﬁ@dﬁb{é@u& %(GI?JSHBa
graph illustrating a rglatign between the f]Jow rate and the
vitrificat9o FPW%F?% RPICHB; r@e@ﬁéﬁ?ﬁcﬁi}?@m WEBAYSY oxygen in

Exanpl e. Fig. 6 is a schematjc configuration di agram
illustrating a prbeagewondaspepiithe praseat invadionibipraforagd thafdhebag fger
spheroi di zed particles. [Description of Enbodi nents] [0018]

Fig. 1 ancoHeas patticled insme hingp.an exanpl e of a burner for production of
I norgani ¢ spheroidi zed particles of the present invention

(her ei gaf t[gavmgeb@mmdfmﬁngéﬁ]ed to as a 20 burner). Fig. 1is a
sectional view in which the burner is cut along the central axis

t her eof . ngl'Glz Is a side view when the burner is viewed fromthe end
side thereof, "which illustrates only the ejection holes for raw

"ot or ence i gn 100 BEper bt Rugmonp 4 iBOEBe bR, B4 b s

inside fornms the first raw naterial, supply path | A, thrqugh, whi ch.

i xtur e ofbaReP dess et ercun) Nomons i Az el poyiler Retagd oA gartict
As a carrier gas, an oxygen-containing gas having an oxygen .
concent r atdianetasfis suppliest toom first rawmenterint Bupply Resyapdra, rawxryejmﬁ PV havng; r
havi ng an oxygen concentration of 20 vol %or nore, or air is used.
As t hdOr aw smatl @artiale diameteris supplied)tord secqnolmaw maderiah supplspath, perticlexi de,

al umi num 5 oxi de, or glass, the particle norphol ogy being a

nonspher i ¢aying h el phrtibledlimtéiean bt suffisiestly melted in Avapich Whee thaw
materi al powder, a coarse particle refers to a powder having a | arge

particle qéﬁﬂgggtﬁ,@,ofm JRAS cRaihé erge ﬂdrﬂ&pfs%whﬁd &8 lihfviﬂlgquﬁ‘mge

while a microsphere refers to a po aving a sme particle
di ameter, p\f\aﬁt]igl%%iaxnr?e%gr B 'aﬁiﬁgicnﬂy melted in a region where the temperature of the

flame center portion is high. Also, since the particles having a smell particle diameter
15 have not satisfactory dispersibility, it is possible to eject the particles from the second

raw material supply path that enables an increase in dispersion volume, and to

satisfactorily disperse in the flame. On the other hand, since the particles having a large

particle diameter have satisfactory dispersibility, it is possible to eject the particles from

the second raw material supply path that enables a decrease in dispersion volume, and to
20  satisfactorily disperse in the flamne,

Therefore, according to the production apparatus of spheroidized particles of the
present invention, it is possible to spheroidize both particles having a large particle
diameter and particles having a small particle diameter while nearly maintaining the
particle diameter and to obtain particles having a high vitrification ratio.

25 Accordingly, it is possible to produce spheroidized particle having a particle



10 dianmeter is less than 10 pm [0019] This first raw materi al
supply pipe 119 equi pped with a powder diffusion plate 2 at the exit
end thereof. This powder diffusion plate 2 ejects the m xed powder of
the raw material powder and the carrier gas so that it spreads
radially toward a burner exit 15direction. A plurality of first raw
material ejection hole 3, 3-, which ar@ directed obl i quely outward,

are formedon a circl . inter ,dg:.the first
raw nat eri g‘fmﬁﬁ%r pf‘,%cge %ec[ﬁg%&%f °%%S§8X‘§l‘$s tso Lh%x%\?%%t%}f %‘%h}%glr? rically,
and the space Between t raw material supply pipe 1 and the fuel
supply 20 &"{:‘r’ ASCRIBHORO LW Sk uppl y path 4A. Through this fuel
supply path, a fuel gas such as a |iquefied petroleumgas (LPG is
supplied. [Mt7lexit end of the fuel supply path 4A forns a plurality
of fuel gas ejection holes 4B, 4B.., so that the fuel is ejected in a
di rection par al [Fig, 1tioa sdhematiodectidnahwiew ildstrating dnexample oTadumepodiithal
fuel gas ejection holes 4B, 4B.. are fornmed on a circle at regular

interva s. préehOvehtion, 11 Qut side the fuel supply pipe 4, a
primary oxygen supply pipe 5 is provided concentrically, and the

space between t : Y : i
pipe 5 forns a E‘% %a%ﬁ/s%@%yns‘?u‘gg‘fél‘%gﬂ&gﬁ#ﬁ O%ﬁﬁ%ﬂf}%@%ﬁtﬁ&ﬂ%&?&y&ﬁt

oxygen supl%%ﬁgﬁth SA, an oxygen-contai ning gas having the oxygen
concentr at " 20 vol. %5 or nore such as oxygen, an

oxygen-enriched_ai [ ,having {he gxygen goncentration of ,20 vol % or
nore or air is glﬂpéﬁ"”eﬁi‘.e ﬂc00"“?*&%%&9@&%%%#%?%3&?#&%9“&%&%“
path SA forms a plurality of primary oxygen ejection holes 5B, 533-
and exits ipergeniespheroidizadinatticies oé fhegresentiirentiol es 5B, 5B.. are opened
toward a central axis of the burner, so that oxygen is ejected in a
di rectlilon 10 veFig 4 a greph illestrating r a¢lation tetvwedfen dwirateeandghelvigrification
rotational flowis formed in a conbustion chanber 8 descri bed

her ei naf t ehtio of primaryl 6/pen prdeddndary oxyEsn iBsamplee ection hol es 5B, 53-
are formed on a circle at regular intervals, and al so di sposed on a

circle at the pg%i: 5291 3 Q;sﬁl‘ ﬂr}aﬁaﬂhgammm@ewéaﬁ wPhatl ldithervigifichiis

ej ection hol es e mddl e between the adjacent two fuel
15ejectio r}ath]oocj.wﬁﬂm%?y o@én and secondary oxygen in Example,

Fig. 6 is a schematic configuration diagram illustrating a production apparatus of
15  conventjonal inorganic spheroidized particles.
[Description of Embodiments]
[0018]
Fig, 1 and Fig. 2 illustrate an example of a burner for production of inorganic
spheroidized particles of the present invention (hereinafter may be simply referred to as a
20 burner), Fig. 1isasectional view in which the burner is cut along the central axis
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.
In these figures, the reference sign 1 represents a first raw material supply pipe
whose inside forms the first raw material supply path 1A through which a mixture of raw

25  material powder and a carrier gas is supplied.



[ 0022] Qut side the primary oxygen supply pipe 5, the second raw
material supply pipe 6 is provided concentrically, and the space

bet ween the primary oxygen supply pipe 5 and the second raw materi al
supply pipe 6 forms a second raw material supply path 6A. 20 The exit
portion of the second raw material supply path 6A forns a plurality
of second raw material ejection holes , 613.., so that a raw
material is eje I i 1 Ar ks

t he burner. %e"?ﬁ?&eﬁbﬁ%lﬁgéf' ?’? %gegpso g%{:n(;ﬂl%g‘% F gévﬂ%?‘g?ﬁg% g@é’%ﬁ%ﬁn ﬁf)l es
63, 63- arg, f d on a,circle at reqgul ar, i.nterwals. 250023 2

Gt si de | 1D L RRmPR SRt sy B DrpaRmfhsh 2k Bayife fa ofReR i o e
supply pipe 7 is_provided pqncegtrically, and t he space between the
second r avPiBRtvet Yor marp T @iris Bede and the secondary oxygen supply
pipe 7 fornms a secondary oxygen supply path 7A. This secondary oxygen
supply path 7A Magheraw rdateriddipowders morgdanic powdsr sueleaspilicon oxids, adymim
supply path 5A so that a | arge anount of oxygen can be supplied. The
exit ersd ofxiddyer glesphe payiclaapholsgyhring axambphédcd] chape withd cormdriis y of
secondary oxygen ejection holes 73, 7B.. and these secondary oxygen
ejection hekgs 73, 713.. are forned on a circle at regular intervals.
These secondary oxygen ejection holes 73, 7B-. are opened in parall el

to a central axi : - tal. i gf?%is
ejected in a 10(‘#}021 t@%ﬁw&ﬁ%@ﬁ?gp@?gﬁ?ﬁ%&%}%ﬁ ?f%ﬁgﬁ;e){slc@q# h{ah%u ner.
[ 0024] Mor.eover . .t he, secondary. pxygen. su ipe 7.k a thick
pi pe wal | ,lﬁgﬁamggléé&ﬂ?%= Wﬂ?s&r’neﬁﬂtpﬁ%?% #%E%E%Wcﬂﬁ "205%I"Yhﬂg%wat er
flowis forned inside the pipe tQ cool the burner itself. ]
15Fur t her girospherrre ﬂtwqwc@ﬁhwna %@n%{aaﬁt&?e Hamgien, hiass Hean BABGe:
shape that broadens outward, and this part forms a combustion chanber
8. 10 |dianstérds lesgovhars 10 e i ncl i ned pipe wall portion of the
conmbustion chanber 8 is constituted by obliquely form ng the end

portions d0otdpe secondary oxygen supply pipe 7, the second raw
material supply pipe 6 and the primary oxygen supply pipe 5 and al so

the 20 bottom p%@@ﬂr@.ﬂnﬁaﬁb@iﬁ%ﬁi%@ﬂis@&ﬂgmrﬁ& £ Powdes Biffidion it

cylindrical raw nmaterial diffusion chanber 9. The raw nmateri al

di f f usi on af&ggg,ﬁgn@ﬂ,gﬁagﬁgiﬁ"p}gé’pl&)/de%fﬁ%ﬁﬁh BlisecA o @@ﬁ%ﬁ%&?&%@” of

the raw material ‘supp I'n-a thrn=wa ( _ orm
o 1 usi on Y HeiR povbits i SaeuAdt B e 1 KRRt AR bl R 8 c
of t he15 €0 rgggcst%oin? nACpTﬁa}rzrarl?t?rof %.’rst fre?“? }nat%%gl ejection hole 3, 3, which are directed
obliquely outward, are formed on a circle at regular intervals,
[0020]
Qutside the first raw material pipe 1, a fuel supply pipe 4 is provided
concentrically, and the space between the raw material supply pipe 1 and the fuel supply
20  pipe 4 forms a fuel supply path 4A. Through this fuel supply path, a fuel gassuchasa
liquefied petroleum gas (LPG) is supplied. The exit end of the fuel supply path 4A
forms a plurality of fiel gas ejection holes 4B, 4B+, so that the fuel is gjected ina
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,

25 [0021]



13 ejection holes 4B, 4B-, primary oxygen ejection holes 5B, 5B-,
second raw material ejection hole 63, 613- and secondary oxygen
ejection holes 73, 73- are respectively opened. Mrreover, the above
second raw material ejection holes 63 are opened at the 5 end side of
the burner in conmparison with the prinfgy oxygen ej ection hol es 53,
whi l e the above secondary oxygen ejectton holes 73 are opened at the

end side of the KRer kLh,conpal. | second.. . Al

ej ection hol es gg!ft'm{]eotbiael fur?g&ép %ﬁ%ﬁ}ﬁﬁﬁmﬁ%g@g&%lhg%/#ﬁ%ﬁ\g?é@@ﬁm c
spheroi di zed partj.clesg,, that has such 10 structure, the end of the
Flrst raw GORFBIICA]IY. R thesPacn Fvissnithe Rl HBRY Siped Gt e ARl

di ffusion chanber 9 through the powder diffusion plate 2 having a | ot
of hol es, spplypipe Stfoans yprEmanymsygensupmy ath Shov (Thzanzh theprisnasy oxrgen
circunference of the first raw material supply path | A and the

pri mary oxsypglp path5gl, gn peygenSAntaining gie Having thk exygeh eoncentrationfof 268 moldo of
the fuel gas supply path 4A are opened toward the conbusti on chanber

158 wh@se dp¥idre SiicHas s@geﬁ,%qﬁy%@-wﬁhm IividgliBe 6:8@80 Sdricwerativ Bf 30
paths is radially expanded, and thus dispersibility of the raw

mat eri al %ngg;mio&&gﬁ.cjp%ﬁgd_f | ame is inproved. When raw materi al
a di ren

powder s each havl ng t particle dianeter are supplied to the

first raw materi I th 1A . . | |y
pat b oA 1t i o BeeTERE o gl s RN ARESA RORH SR Ry VR
particle dianeter in the region 20 where a tenperatu of_.the flane
Pont er porispmm Bales A 15 Abd i ofSiaes Baan CRUGSTARS PR PEIE B 35 s
particle dianmeter in the region where a tenperature of the f|lane
outer cir ®peredtenad asertal axis ot the dimense thet exyeprissincted inip diseationng t he
particles. [0027]) 14 small dispersion area, |ocated at the flanme
cent erlOporvertioal to THeeentsal taxkis lof theltamen gnda wteibhal fleswis fermed @ ecahbustorer
are not easily dispersed, and are therefore supplied into the flane

fromthe shaske8dasribed Barbiahftguppl y path 6A having a | arge di spersion
area. Thereby, the raw material powder can be efficiently dispersed

f[ (r;t ?r teg? I Lg”ga'{lﬁggﬁglgil ﬁgﬁé&kﬁ&?ej%ﬁﬂ%fes KBV 48 Pormmel oh 3 cREE 2L DI €
regular intervals, and also disposed on a circle at the position different from that of the
plurality of fuel ejection holes 4B, 4B+, in the middle between the adjacent two fuel

15  ejection holes 4B, 4B-.
[0022]
Outside the primary oxygen supply pipe 5, the second raw material supply pipe
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.
20 The exit portion of the second raw material supply path 6A forms a plurality of second
raw material ejection holes 6B, 6B+, so that a raw material is ejected in a direction
parallel to the cenfral axis of the burner.
The plurality of second raw material ejection holes 6B, 6B are formed on a

circle at regular intervals,

25 [0023]



| arge nmean particle dianmeter and the particles having a snmall nean
particle diameter at a tine in an optinmum state in one burner. [0028]
Fig. 3 illustrates an exanple of a production apparatus of inorganic
spheroi di zed 10 particles of the present invention, in which the
reference sign 11 denotes a spheroidizgiion furnace. This
spheroi di zation furnace 11 is a cylindrical vertical furnace and is

S0, PR T SR M by LS 08L bl 7

so that the end si aces 1 nsi Ity of the

bott om port.i on, of t. spheroi di zati,on furnace 11, an.air 15 i Kk
por t 13"+ SIPT sV B el B gt AT bipeRy e e PR
furnace frgmthe |nlet {hereby redycing_the tenperature of a

combust i orPgRAadihe ECandsEy A YEEn SUpRIORIRg 7 Tomms & SPHORIATY STYESPSHBEY BHB( he
bottoMoortion of the spheroidization furnace 11, a conbustion gas

di schar ge ®i tThissserendant omygsn supslyaissh 74 has apvidennsess-sepion than theprimery
particles are transported to a conbustion gas, discharged and then

t r ansf & r exkygen supslyipatheSA sif that adwrgk emeuwrit 6f bkygen gim be shpplied] 5 Thaexihend
danper 16. The duct 15 is connected to a duct 18 and branched

at the UDSIFHRARRCHARS oRygdd e &7 AlfHrma 8 glutdlitoftidsdnddsy dxygdndiertion ed
to the inlet of a %Zg igl te?ﬂ?g.ﬁ [003({)1-]n Zgl n Hs]% duélt 3A?Sfﬁgn air

i ntake PoryGnl a4 mg%ge%dﬁﬁg%% &fiflon Haieaa‘%f@ "akOfoBin¥d orl 2eirele

intaking air _ _ e port . the tenperature of
Nor cover . Aikghet nERE HheriellvoDREtdertpn Bpel To T8 i B85 L0,
this duct 21_is connected n inlet of the bag f,ilter 19, thr,ough a
danper 22 Pailoige gpentral axis of efmet, sp 418t RO BEFUPOSEIDE oS SISCIH A S
shown) is connected to the first raw material supply path I A of a
bur nerl02 afirdctionipsrallel totthe contraleaxis-afshe baumesl v pi pe i s connect ed

[0024]

Moreover, the secondary oxyzen supply pipe 7 has a thick pipe wall, and a
cooling water path 71 through which cooling water flow is formed inside the pipe to cool
the burner itself.

15 Furthermore, the end portion of the burner is dented in a mortar shape that
broadens outward, and this part forms a combustion chamber 8.

In other words, the inclined pipe wall portion of the combustion chamber 8 is
constituted by obliquely forming the end portions of the secondary oxygen supply pipe 7,
the second raw material supply pipe 6 and the primary oxygen supply pipe 5, and also the

20  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
the exit end portion of the raw material supply pipe 1 in a thin-walled cylindrical form
toward the end portion of the burner in comparison with the powder diffusion plate 2.

[0025]

25 Furthermore, on the conical wall surface of the combustion chamber 8, fuel gas



to a first raw material feeder 23. In the first raw material feeder
23, a raw material powder in the formof coarse particles having a
coarse particle dianmeter an stored and a 10 carrier gas froma
carrier gas supply source 24 is transferred, and then a predeterm ned
anount of a raw nmaterial powder is trqgsported to this carrier gas
and transferred to the first raw materral supply path I A of the

P, SR s e R ) e e
vt 48 A Sl N S o

control device (not shown). As the carrier gas, an
oxygen-corﬂP&’Pﬁﬁ‘i ng gas havi ng the oxygen concentration of 20 vol % or
nore such as oxygen, oxygen-enriched air or air is used. The carrier
gas supply sour Mer@ser, theazbee soundypemagriahejactiondnles 65 areapenss atdheve 20
for delivering a predeterm ned anount of a carrier gas to a first raw
mat eri 8l fenédide oftBe bitflerinsompiribon aithithd writhary okyretlejecin holesiB athilvel v,
in response to a carrier gas supply anmount control signal froma

control deyd 83vé febndaROMYben &84 RAIholes 7B are opened st FRCAAHde AMMHEBUSNet

supply pipe (not showi) I'S connected to the second raw 25 nateri al
supply pat . : , Hi raw nmat eri al supply
pipe is fgmg%gﬁrﬁg@@%é)#é&ﬁ% s%ag%%éajlrag\;ﬁ\?nﬁn@&grglﬂél feeder 25. In the
second ramdsrz%ieri al feeder 25, a raw material powder in the form of
m cr osphe aving a fine particle dianeter is stored and a carrier
gas fromthe carrjer gas, supply source 24 is transferred, and then a
pr edet er ni ned a%wmmrfPWOEﬁwmi@ngwcmmMéchm% 28 gug
this carrier gas and 5 transferred to the second raw material supply
path 68 ofstrediesethe ensrofzhe finstrawtmaterinl suppliepatle b ixiconneetedeto theiraw suppl vy
pi pe. The second raw material feeder 25 is also equipped with a

del i very matdriahdiffasionietiamber 9 thgouphihestetder diffueidn phaehhavirg aslot afilioles,
material powder in response to raw materi al powder supply anount

control shgh@k file] ?éﬁ‘ s@pﬁg RhthQlA SteVidsEor Mo bushaydinferdfleQO@Rlfirst raw A
fuel supply pipe (not"shown) i's connected to the fuel supply path 4A

of the bu : 113 Skihe St i j _

conmbust i o%d}gegls sg%glpéﬁ&s%ﬂ ce "zé‘mgjﬁé"g%a%é‘g@"?%gﬁ f/ﬁ :gglgér&g%@ oxlxtgr
allowed to, store a f.uel.gas such a i quefied trol eum gas

or a |iquéffir ':'T‘i‘%‘ﬁeuﬂfg'fe fb‘ a E‘ﬁ@;‘y Q%?’éla{f% la@%’?@ %cog%eimatgqi @é’%@%
and a_ 15 predeterm ped anmoynt of the fuel gas is transferred to th
el - 4 pByhas sRLAIMe PRSI R end OF a FesaeRiYe MPEULRAS I RSIaT SSPRsRiph
pi pe. The fuel gas supply source 26 is equipped with a delivery

syst em f oandithhs diepersibjlity of the raw material powder in the burner flame is improved.

When raw material powders each having a different particle diameter are
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 regio_n

20  where 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
circumference portion is low, while efficiently dispersing the particles.

[0027]
The particles having a large mean particle diameter are dispersed comparatively

25  easily and are therefore supplied from the first raw material supply path 1A baving a



a predeterm ned anmount of a fuel gas in response to a fuel gas supply
anount control signal froma control device (not shown). 20[0034]

A primary oxygen supply pipe (not shown) is connected to the primary
oxygen supply path 5A of the burner 2, and this primary oxygen supply
pipe is connected to a primary oxygen supply source 27. The primry
oxygen supply source 27 is allowed to Yiore an oxygen-cont ai ni ng gas

therein, tha [ el Lver t ) f

t he oxygeﬁg@gr@gﬁrﬁfoﬁﬁpega@#%a/ rtﬁ%fg?:@??eél r? éﬁgﬁ'ee@ggl Isr.régt?cysgg%yg E@g’ﬁgpl y
path 5A 17 of th urner 2 thrq t he, above pri mmar xy,aen -suppl
e, e pariaie s ninme St inyreet g e s SRR (e
delivery systemfor delivering a predeterm ned ampunt of an

oxygen- cortom e sepogd 22w matesahonRly Peth 64 bavinga lpras disgersios gl y Therehynt
control signal froma control device (not shown). 5[0035] A secondary
oxygen supipd mwpnaterial powdertvenig efficieotiy disparsed into thenflamecondary oxygen
supply path 7A of the _burner 2, and this secondary oxygen supply pipe

i's congected tOThersfof e Yreoont rvention filiypasibleae tr2d thelfueticlesdmmitig ny
oxygen supply source 28 is allowed to store the above

oxygen- comt gl ﬁ%ﬂg%ﬂﬂae ek Bnd tho Phrtidle@hdvind sl fledn paeichsldiamindr & a

predeterm néd anount of the oxygen-containihg gas is transferred to

t he secon : | of the burner 2 through the above
secondary%ﬁg‘ﬁ@%ﬁ%’ﬁ;ﬁ%léeoggj?%é@@econdary oxygen supply source 28
is also e%ﬂ;gi)ed with a delivery systemfor delivering a

pr edet er m anount of an oxygen-containing gas in response to a 15
secondary oxygen supply amount control signal froma control degyjc
(not shown) . th-311ﬁlsgﬁe%a@ab§fmp@dﬂlﬁ%&n appares ohinoreapie sakasoidized,|
source 27 is integrated with the secondary oxygen supply source 28
and t i@ i pagiglesvfilie presentdnviention, évivbigh theirefarenowsigrel § desotes gy st ens, and
t hen an oxygen-containing gas is separately delivered to a primary
oxygen supflieyoidiz@fondathace, S iy wpaerpidieayiorefunsicp pl s giyhiaddeabverticat h
delivery systemand a 20 predeterm ned anount of the

OXygen-Coﬁhﬁé iaBg ik tierhy a mesl12 & thd\@ilitig potion s@xbegen
supply pat %%ﬁﬁ%&iﬁ%ﬁﬁym%geﬁ*gﬁggﬁg path 7A gltﬁ?he bur ner
2. [0036] : [ a production nethod of spheroidized
particl estlﬁsﬁnﬁéldgg%cﬁsgg@gm&raﬁé‘gﬁé%i on apparatus will be descri bed.

In the vicinity of the bottom portion of the spheroidization furnace 11, an air

15 intake port 13 is formed, whereby, cooling air is introduced into the furnace from the
inlet thereby reducing the temperature of a combustion gas to be discharged.
[0029]
In the vieinity of the bottom portion of the spheroidization furnace 11, 2
combustion gas discharge exit 14 is formed, whereby, the produced spheroidized
20  particles are transported to a combustion gas, discharged and then transferred to the inlet
of a cyclone 17 through a duet 15 and a damper 16.
The duct 15 is connected 1o a duct 18 and branched at the upstream side of the
damper 16, and this duct 18 is connected t;) the inlet of a bag filter 19.
[0030]

23 In the duct 18, an air intake port 20 is disposed on the way and, by appropriately



18 Froma first raw material feeder 23, a raw nmaterial powder, for
exanpl e, coarse particles having a particle dianeter of 10 gmor nore
are transferred to a first raw material supply path | A of a burner
12, and then ejected toward a conmbustion chanber 8 fromfirst raw
material ejection holes 3 through a ral\g/ mat eri al diffusion chanber 9.
5 From a second raw nmaterial feeder 257 a raw material powder, for

exanpl e, &L i i } 0 gm
oo 1 ansAHBERY 8 e KK DB e 200 MR kel o Bpls i g O
12, and then.ejecie rd a co stion, chanber 8 froma second raw
mat eri al &f9%0R B@%&Ci?%a%%nd‘?W&sﬁﬁih%w?’é’éson why the supply
destination of the raw naterial powder js 10 djvided t he, nean,, ,
particle di amet Moresver @ dyeh214s eongectediie d’faﬁﬁﬁ‘t ‘PY&ﬁmEgM&%@ ¥he
mean particle diameter of |ess than 10 gm has characteristics such as
poor di speosneotet ita gn injed 0BMtE bag fterdSithrongnedarpesddt of an
oxygen-containing gas is fed into a primary 15 oxygen supply path SA

and a gecqogky oxygen supply path 7A of a burner 12, respectively,
froma primary oxygen supply source 27 and a secondary oxygen supply

source 28, and Tﬁeeﬁrsﬁaﬁ%ﬁlgﬁﬂ@wﬁﬁ e T kkv) Y cophandias ik il rawgh

primary oxygen ej ection holes a secondary oxygen ejection hol es

7B. . i f i i Ot

suppl y partaaPBEE BETLEB0s BEHYS et eyt BBRrk ey il Podhr e
and then ejected towar, ogbustion. chanber 8.through fuel

ol ect i on bR BTIEY BRGGSEeRhos K AL TR A ARTAL HOdtT o efag,
having a different particle dianpter ejected inI&n&ihe flame are
respect i va@pyderdn fhedomy ofeoarse particles havinga poarsenagiclsfiametsr afp giaregsnd a
tenperature and an outside region at a |ow tenperature and then
spher dDdi zewfiet gasdionea carfiersgal evpplylioneas 244s transferred cad thenaapredstagmined
different particle dianeter, These spheroi di zed particles are

t ransf er r @ghobiy off a g% nategiallpovided otansporod & thisagies gl and hransferrebdo thel 4
of a spheroidization furnace 11 through a duct 15 and a danper 16

51 CSBy R e OTEUE LA DA et Gheniniae
conmbust i O@uﬂ:%?pi}%.t h air, the
The first raw material feeder 23 is equipped with a delivery system for
15  delivering a predetermined amount of a raw material powder in response to araw
material powder supply amount control signal from a control device (not shown).
As the carrier gas, an oxygen-containing gas having the oxygen concentration of
20 vol% or more such as oxygen, oxygen-enriched air or air is used.
The carrier gas suppiy source 24 is also equipped with a flow regulating valve
20 for delivering a predetermined amount of a carrier gas to a first raw material feeder 23
and a second raw material feeder 25, respectively, in response to a catrier gas supply
amount control signal from a control device (not shown),
[0032]

A second raw material supply pipe (not shown) is connected to the second raw

25  material supply path 6A of the burner 2, and this second raw material supply pipe is



tenperature of the gas to be introduced into the cyclone 17 decrease
to reach the tenperature suited for collection of the particles in
the cyclone 17. [0039] In the cyclone 17, anong the spheroidi zed
particles floating in the gas, only 10spheroidized particles in the
formof coarse particles are collected,,  The gas di scharged fromthe
cyclone 17 is transferred to a bag fill%r 19 through a duct 21, where

spheroi di z | | IC I )

phor of di ZaAn B b HSRolid o A Rgher st BB S5 ARl Tender 25, o
danper 16 of the,duct .15 i.s closgd, and a.gas is.all d.to fl.ow i
Lhe. duct  TEwamRicnal Paveid iy (P fimioraspler i ikving afing reitele iensejer if Hgted
making it pqgssible to collect all spheroidized partié& es.in the bag
filter. | rPnd@icemienses from e cermier gesypplYsouree & isiversigmed, andthena

| owered, an appropriate amount of air can also be mixed in the gas
from an aipredetermined pmountd thexawimsteriab pewddrlistransparfedite thisaryjerghs atdn

spheroi di zed particles having a particle dianeter, which nearly

agr ees SW ttfnntfefrtd pfthesecond amtmitead! smsplylpith 6A)of thechunies 2 hropglt it abave
[ Exanpl es] [0041] 25Hereinafter, specific exanples are described, 20

(Exanpl e ]slcondrawn{d‘t’érilgsﬁﬁbﬁzﬂ?ﬁé?dum i on apparatus of inorganic
spheroi di zed particles shown in Fig. 3, spheroidized particles were

duced. As th ' ' 2. Sil L
g/ h vas ¢ r anspdlf BEORF T HAEIR 2 PR UE cou oSt WHERIAOUN Tyl 5
fuel L .LPG at 5 NnB/ 1 | i ed th ti .
o, o SRl i RO e B RSty e
i ntroduced into a burner 12 to, produce spheroi dized particles, and
then a spHPeFEFIFURRY Bt RontiglHinal from acproldruire Gohstoves o

vitrification ratio of 98% or nore was determ ned. [0042]
10 [0033] .

A fuel supply pipe (not shown) is connected to the fuel supply path 4A of the
burner 2 and this fuel supply pipe is connected to a combustion gas supply source 26.
The fuel gas supply source 26 is allowed to store a fuel gas such as a liquefied petroleum
gas (LPG) or a liquefied natural gas (LNG) therein, that are to be delivered, and a
15  predetermined amount of the fuel gas is transferred to the fuel supply path 4A of the
burner 2 through the above fuel gas supply pipe.
The fuel gas supply source 26 is equipped with a delivery system for delivering
a predetermined amount of a fuel gas m response to a fuel gas supply amount control
signal from a contro] device (not shown).
20 [0034]
A primary oxygen supply pipe (not shown) is cornected to the primary oxygen
supply path 5A of the burner 2, and this primary oxygen supply pipe is connected to 2
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

25  amount of the oxygen-containing gas is transferred to the primary oxygen supply path SA



10At this tinme, each proportion of oxygen to be supplied to the above
primary oxygen ejection holes SB (prinmary oxygen) and the secondary
oxygen ejection holes 73 (secondary oxygen) was changed within a
range fromO to 100% (primary oxygen) and a range from 100 to 0%
(secondary oxygen), according to the particle size of the raw

materi al powder, and thus studyi ng thellondi tion that can achi eve the

vitrificat ati 0.0r_ oI esults of the
t r eat ment éﬁﬂ%% M }{%&W%eﬂaupﬂ_ particle dianeter

of 30 p.mand the raw materi al powder vin (ticle dianeter
of 2 gm are showi® PHMRIYLXYESD wgly 53“’&?1&? ’@P&‘{T&“%aaah"ery sys F\‘fa
case of treating the raw material having a nean particle dianeter of
30 gm 20 deligeringe nredegarmined pmatmtiof wa oxygeawoniaining ga6 fhresnonss toagrimagyy
material ejection hole 3. In the case of treating the raw materi al
havi ng a negpemsapplyaheuot conizblsignal frén grpntrdleeviasunotshemngl powder was
ej ected through the second raw nmaterial ejection holes 6B. The raw
materi g ey38)g a nean particle dianeter of 30 gmwas col |l ected by

t he cyclone 17, while the raw nmaterial having a nmean particle

ST ST o 5, TRASREF RGBS bl R oL
L e s S
Ir prﬁ;te Qﬁ ,cgﬁeg@a&% gecgnd Ogéy?’ n s bs!o%rclehs Ne%ﬂe sFé"é‘SxEda?} gxygénamn%}aﬁr of
source 28 is allowed to store the above oxygen-containing gas therein, that are to be
10 delivered, and 2 predetermined amount of the oxygen-containing gas is transferred to the
secondary oxygen supply path 7A of the burner 2 through the above secondary oxygen
supply pipe.
The secondary oxygen supply source 28 is alzo equipped with a delivery system.
for delivering a predetermined amount of an oxygen-containing gas in response to a
15 secondary oxygen supply amount control signal from a control device (not shown).
It is also possible that the primary oxygen supply source 27 is integrated with
the secondary oxygen supply source 28 and the integrated source is provided with two
delivery systems, and then an oxygen-containing gas is separately delivered to a primary
oxygen supply pipe and a secondary oxygen supply pipe from each delivery system and a
20  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
2
[0036]
Hereinafter, a production method of spheroidized particles using such a

25  production apparatus will be described.



nisi] primary oxygen [s] Secondary oxygen (Vo] Throughput capacity

[ kg/ hi

Prior art

10

15

20

25

Mean particle spheroidized dianmeter of "articles Run]

present .ti on 30
18

From a first raw material feeder 23, a raw material powder, for example, coarse
particles having a particle diameter of 10 um or more are 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 ejection holes 3 through a raw material diffusion chamber 9.
From a second raw material feeder 25, a raw material powder, for example, microspheres
having a particle diameter of less than 10 pm are transferred to a second raw material
supply path 6A of a bumner 12, and then ejected toward a combustion chamber 8 from a
second raw material ejection hole 6B.

Herein, the reason why the supply destination of the raw material powder is
divided by the mean particle diameter of 10 pm is that the raw material powder having
the mean particle diameter of less than 10 um has characteristics such as poor
dispersibility.

[0037]

A predetermined amount of an oxygen-containing gas is fed into a primary
oxygen supply path SA and a secondary oxygen supply path 7A. of a burner 12,
respec;.tively, from a primary oxygen supply source 27 and a secondary oxygen supply
source 28, and then ejected toward a combustion chamber 8 through primary oxygen
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 8 through fuel gas ejection holes 4B.

[0038]

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 and an outside region at a low temperature and then spheroidized to give



25 75 30 20 36 31 2 40 60 20 7 3 [0044] As a result, as shown in
Fig. 4 and Fig. 5, the vitrification ratio of 98% or nore coul d not
be obtai ned under the condition of 50% or nore (primary oxygen) and
SO% or 10 I ess (secondary oxygen) using raw naterials having any
particle dianmeter. Also, in conparisonwth the prior art, a
significant difference was not recogni ed W th respect to an
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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
5  introduced from an air intake port 13. By mixing the combusﬁon gas with air, the
ternperature 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.
[0039]
In the cyclone 17, among the spheroidized particles floating in the gas, only

10  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]
15 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 to
collect all spheroidized particles in the bag filier. 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.

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

[Examples]
[0041]

25 Hereinafler, specific examples are described.



15burner in the present invention. [0045] (Exanple 2) Using a
silica powder as a raw material powder, three kinds of raw materi al
powders, for exanple, a raw material powder A having a nean particle
di aneter of 15 20 um a raw material powder B having a nmean particle
diameter of 2 pm and a raw material powder C having a nean particle
di aneter of 5 p.m obtained by m xing 3%bs by 22 weight of the raw
mat eri al Q@\A/derl Q\)V\A'th 65% by wei ght of the raw material powder B
were prep goHPie Using a burner of the prior art described in

Patent Literature,3,.a raw hateri al wder ,C at 2 / h, was, suppl.i.ed
by transporting qgﬁhwryg\écﬁma@mﬂ.r@%ﬁfgwgﬂ%° gp%eg:,xcﬁgqﬁr%agmgggl}mﬁ&aﬁg.
fuel gas, LPG at $ NnB/h was supplied. Oxygen at 20 N nath was

suppl i ed t3esphetnddiced pasticdesovere prdugnsdk ti cl es, and then a

spheroi di zati on t hroughput capacity that achieves a vitrification
rati o of 98% or Asuheentizesradahateniil povder] HEilicd pdvaienst 20He/ westeanspdrtetihe
present invention, a raw material A at 7 kg/h was 10transported with

oxygensat vrodxybmay/ 715N /has @@hsrief fas0a s adudl ighs; LPGaus INrh Wi wad supplied.
ejection holes 3, and a raw material B at 13 kWh was transported with

OXYgen At 159 oiiBolydh-cBpBig Bb ABPLAPOIRG R DONP i didgiiget | on

hol es 68. N8/ h was pplied to fuel gas

ej ection Rhal 4 hIB g ' [\ B :
o vi dedl y FERaAURER T 1845 hiski R0lbidfa BRF R S fida BaBhdpiation
secondary oxygen 15ej,ection holes. 7B top prod her oi di zed .
particles %@Wﬁ%ﬁ?a BREACRIE ¥ AN a"lWﬁ%W = i“f@aﬁtﬁﬁ?mﬂ'
achieves a vitrification ratio of 98% or nore was determ ned. [0047]
At this ti6@2]a throughput capacity of a burner was investigated by

fixing the proportion of oxygen to be supplied to the primary oxygen
ej ectildn hol es ASthigtimeymagh proportion of oxygen to be supplied to the above primary

oxygen gjection 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
range from 100 1o 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
15 98% or more.
The results of the treatment to the raw material powder having a mean particle
diameter of 30 um and the raw material powder having a mean particle diameter of 2 pm
are shown in Fig. 4, Fig. 5 and Table 1.
In the case of treating the raw material having a mean particle diameter of 30 um,
20  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 gjection holes 6B.
The raw material having a2 mean particle diameter of 30 um was collected by the
cyclone 17, while the raw material having a mean particle diameter of 2 um was

25  collected by the bag filter 19 without through the cyelone 17.



20 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 nmaterial powder thereby adjusting raw
mat eri al powder supply anount. The results are shown in Table 2. 23
[ 0048] [Table 2] Mean particle diameter of raw material [pm

Thr oughput capacity [kg/h] Vitrificati h ratio of spheroi di zed

bresent i nvent | e FBPAebn Bl Tof b o RS bR WA prodiobd el
the above condition using the same type as that of the inorganic material spheroidization

apparatus described in Patent Literature 3,

[0043]
5 [Table1]
Mean particle : Mean particle diameter of
diameter of raw Px:'lmary Secondary Througl_lput spheroidized particles [um]
X oxygen oxygen capacity
material powder (%] %] [ke/h] Prior art The present
{um] invention .
30 25 75 20 36 317
2 40 60 20 7 3
[0044]

As a result, as shown in Fig, 4 and Fig, 5, the vitrification ratio of 98% or more
could not be obtained under the condition of 50% or mote (primary oxygen) and 50% or
10  less (secondary oxygen) using taw 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.
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
15  burmer in the present invention.
[0045)
{Example 2)
Using a silica powder as a raw material powder, three kinds of raw material
powders, for example, a raw material powder A having a mean particle diameter of 15
20  um, araw material powder B having a mean particle diameter of 2 um, and a raw

material powder C having a mean particle diameter of 5 um obtained by mixing 35% by



Raw material A 7 Raw material B: 13 99 7 Prior art Raw material C 5
16 98 10 [0049] 5The results shown in Table 2 reveal ed that

I norgani ¢ spheroi di zed particles having a dianeter nore close to that
of the raw material can be efficiently obtained by using a burner
structure in the present invention. [Rﬁ erence Signs List] [0050] 101
First raw material supply pipe | A First“raw material supply path 2

Powder di 1{ stk @Smateridl pobdd AR 6594 'ty wetktl GF 18 Pav Blaferial powder B
were prepared.
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
5 gas. Asafuelgas, LPGat$ Nm?/h was supplied. Oxygen at 20 Nm>/h was supplied
to produce spheroidized particles, and then a spheroidization throughput capacity that
achieves a vitrification ratio of 98% or more was determined.
[0046]
Using the burner of the present invention, a raw material A at 7 kg/h was
10 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
gas to second raw material ejection holes 6B, As a fuel gas, LPG at 5 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
15 ejection holes 7B to produce spheroidized particles, and then a spheroidization
throughput capacity that achieves a vitrification ratio of 98% or more was determined,
[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
20  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
material powder thereby adjusting raw material powder supply amount,

The results are shown in Table 2.



4 Fuel supply pipe 15 4A Fuel supply path 43 Conmbustion gas ejection
holes 5 Primary oxygen supply pipe 5A Primary oxygen supply path 53
Primary oxygen ejection holes 20 6 Second raw material supply pipe
6A Second raw material supply path 6B Second raw naterial ejection
hol e 7 Secondary oxygen supply pipe 7A Secondary oxygen supply path 5
7B Secondary oxygen ejection holes 8 ustion chanber 9 Raw

10 17

Oyl one 19088 Tt er 23 First raw mater al feeder 24 Carrier gas
suppl y sou[rTgbeIe 2]
dﬁiﬁgﬂ:ﬁ; 'I‘hrgughput v?:t?c; at;;'on l\gf:gg:: 1;::_&
material [jtm] capacity [kg/h) sphelrmdx.azed sphz?rmdxzed
. o particle [%] | particle [pm]
mventon | Raw s :2 | Rawmaerial A7 | 99 7
Priorart | Raw material C: 5 16 98 10
[0049]

3 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]
10 1 First raw materlal supply pipe
1A First raw material supply path
2 I;owder diffusion plate
3 First raw material ¢jection hole
4 Fuel supply pipe
15  4A Fuel supply path
4B Combustion gas ejection holes
5 Primary oxygen supply pipe
SA Primary oxygen supply path
5B Primary oxygen ejection holes
20 6 Second raw material supply pipe




25 Second raw material feeder 15 26 Fuel supply source 27 Primary
oxygen supply source 28 Secondary oxygen supply source 25 [CLAI M|
[Cdaim1] A burner for production of inorganic spheroidized

particles, conprising a first raw material supply path
t hrough which a raw material powder is, supplied 5together with a
carrier gas; a fuel supply path sposed around the outer

circunference. of fi.Lst terial supply path, through which a
fuel gas i %%Bﬁ%gr;m{eﬁasuﬁ@y%%mry oxygen supply path di sposed

around the, oyter circunf,erenge of, the fuel supply path, through which
an oxygen-%#?“&?ﬂaﬁbmgﬁ’éﬁieﬁcg fed; 10a second raw material supply
pat h di sposed around the outer circunference of the prinmary oxygen
suppl y pathSecendasiiofycompuplyipaw nat eri al powder is supplied together
with a carrier gas; a secondary oxygen supply path di sposed
around t h&AoSdcendary oxygeh suppiyceatlof t he second raw material supply
pat h, through which an oxygenwcontaining gas is supplied; 15a raw
nmat eri gl q@‘sdésﬁ@py@kﬁeﬁ)q‘em‘mr}mmt ed to the end of the first raw

mat eri al supply path through a powder diffusion plate having a | ot of
fine hol e§; stion ¢ efonMbusti on chanber connected to the raw

mat eri al in‘ usion chanber, that has a radially expanded exit side,

wherein eac , 1 s of the fuel supply path, the
primary oQJ&é‘ﬁméﬁ-B%n‘gfﬁg%%&%{’ﬁg’dzo second raw material supply path
and the s ary,, 0x n suppl ath is opened to a conical wall
sur f ace oﬁigﬁgere@mtié?ﬁwceﬁgn%ef, P

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



openi ngs of the fuel supply path are ejection holes that eject a fuel
in parallel to a central axis of the burner fromthe wall surface of
t he conbusti on chanber, 26 openi ngs of the primary oxygen
supply path are primry oxygen ejection holes that eject an
oxygen-containing gas in a direction of, formation of rotational flow
in the conbustion chanber fromthe wal4 surface of the combustion
chanber, ﬁ@g&g&j of the second raw material supply path are ejection
hol es ope he 5 end side of the burner fromthe primary oxygen
ej ection holes, and openi ngs of the secondary oxygen supply
path are Jﬁ ildn hol es opened to the end side of the burner from
second raw material ejection holes. [Caim2] An apparatus, for
production of i Adnuyenfar psgrdvetion of inerganiesnheridized papipins; ecampgisingo
vertical spheroidization furnace equipped with the burner accordin

to claim1l at thdrdtegw patetinlonpplfy pathahdoughwhieh i mavamaterial pootdeyiscopplisdr d
direction; and a cyclone and a bag filter that are di sposed at
t he dognsigeer Wille cafrick Bgs; Spher oi di zation furnace to col | ect

i norgani ¢ spheroidi zed particles. [Caim3] 15The apparatus for

production of | BAIDaMRSy SRUESHNH L8 DRE but SRuARGEHL oPthelBstdndl M 2

whi ch is equipp ntr neans I ndependently controlling a
carrier gas.and a _traw,materi,al,. T .e.supplied to a first
raw nat er Faﬂw’éﬂgﬁ‘ﬁﬁp@%qﬁ“g‘ﬁ%"gmgﬁﬁﬁﬁgﬁsgx%‘}?g[@% al supply path of the
burlier, respectively. [CaimA4] 20The apparatus for,progduction, of
i nor gani c spher%PBﬁ“E@ch%&‘?’{ﬁ“EPlé@aé@éWﬁ "tnaﬂéf’l%‘%cig"‘rﬂ%f@ﬁe Pﬂq}Fudes
a path that is connected to a bag filter through a cyclone, and a

fuel supply path, throngh which an oxygen-containing gad is supplied;

10 a second raw material supply path disposed around the outer circumference of
the primary oxygen supply path, through which a xaw material powder is supplied
together with a carrier gas;

a secondary oxygen supply path disposed around the outer circumference of the
second raw material supply path, through which an oxygen-containing gas is supplied;

15 a raw material diffusion chamber connected to the end of the first rzaw material
supply path through a powder diffusion plate having a lot of fine holes; and

a combustion chamber connected to the raw material diffusion chamber, that has
a radially expanded exit side, wherein
each of the ends of the fuel supply path, the primary oxygen supply path, the

20  second raw material supply path and the secondary oxygen supply path is opened fo &

conical wall surface of the combustion chamber,
openings of the fiiel supply path are gjection holes that eject a fuel in parallel to

a central axis of the burner from the wall surface of the combustion chamber,



path that is connected to the bag filter w thout through the cyclone,
each path being switchable. [Caim5] 27 The apparatus for
production of inorganic spheroidized particles according to claim 2,
which is provided with two raw material supply devices of supplying
raw mat eri al powders each having a di f&grent particle dianeter in the
first raw material supply path and the“Second raw material supply

th of the b . | . |
Do o e 1 15 oy S AORBAT b RPN e
I | ect ticl d t.h filt | lects. fi
D 0 AT RS RO O b AT
SErtl ol o5 GomitAdon eigber from the wall surface of the combuston chgmber, o O o s

openings of the second raw material supply path are ejection holes opened to the
5 end side of the burner from the primary oxygen ejection holes, and
openings of the secondary oxygen supply path are ejection holes opened to the
end side of the burner from second raw material ejection holes.
[Claim 2]
An apparatus for production of inorganic spheroidized particles, comprising:

10 a vertical spheroidization furnace equipped with the burner according to ¢laim 1

at the top portion of the furnace in a vertically downward direction; and

a cyclone and a bag filter that are disposed at the downstream side of the
spheroidization furnace to collect inorganic spheroidized particles.
[Claim 3]

15 The apparatus for production of inorganic spheroidized particles according to
claim 2, which is equipped with control means for independently controlling a carrier gas
and a raw material powder that are supplied to a first raw material supply path and a
second raw material supply path of the burner, respectively.

[Claim 4]

20 The apparatus for production of inorganic spheroidized particles according to
claim 2, which includes a path that is connected to a bag filter through a cyclone, and a
path that is connected to the bag filter without through the cyclone, each path being
switchable.

[Claim 5]



10

27

The apparatus for production of inorganic spherocidized particles according to
claim 2, which is provided with two raw material supply devices of supplying raw
material powders each having a different particle diameter in the first raw material supply
path and the second raw material supply path of the burner.

[Claim 6]

The apparatus for production of inorganic spheroidized particles according to
claim 2, wherein the cyclone collects coarse particles, and the bag filter collects fine
particles.

[Claim 7]
The apparatus for production of inorganic spheroidized particles according to

claim 2, the bag filter collects particles in one lump.



