DI SPERSI NG OR M LLI NG APPARATUS, AND DI SPERSI NG OR
M LLING METHOD USI NG SAME Field of the Invention The
present invention relates to an apparatus and nethod

. for dispersing and mlling solid particles contained
ina liquid to obtain solid particles of nanoneter
size blended with the |iquid. Background |Infornmation
Apparatuses for finely mlling solid particles in a
material to be treated(m || base) by the use of
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apparatuses, bead mlls (wet-type nedia-dispersing

FiapPasAats tABGhesdd !, etc.) using beads on the
order. of mllinmeter (m). size as mlling nedia, have
been widely wused. In apparatuses used for practica

- -product Ths, ptésenintiaveation ardietteead eah applache 8 and

t (?i cally a slurry of solid particles in_ a liquid, is
‘“e"sl%/ G o togeerEdvelA Bthbing sedidnearuiqlespapeteined in a

; il Led i action of the heads. an ,
1 T Bt IS PEIARS 65 Bindinial ofde Pribien wien
thaliMigged .t 0 submi cron- size. However, with bead mlls

usi ng beads of mmsize, it is difficult to obtain
" extrenely fine nano particles with a particle size of
Backgzaysd Imfpamatdent er, whi ch have been denmanded in
" recent years. The reason is that it is difficult to
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' Accor di

-matRavgl beehd eceBkby  fdgMal eped) of, and her gk _orpi/lling media

- scale.to.nmake it possible to apply nore unitorm

. {beads) and dispersing or milling the particles in a ligquid, have

been known. As such apparatuses, bead wilils (wet-type

.. media-dispersing apparatus, media mill, ete.) using beads on the
‘order. of millimeter (mm). size as milling media, have been widely

used. 1In apparatuses used for practical production, the material

to be treated, which is typically a slurxy of solid particles in

a liguid, is stirred together with beads, and the solid particles

are milled by ;he shearing action of the beads and dispersed in

- the liquid to obtain particles finely divided to submicron size.

- However, with bead mills using beads of mm size, it is
difficult to obtain extremely fine nano particles with a pérticle
- gize of at most 100 nanometer, which have been demanded in recent
years. . The reason is that it is difficult to apply uniform
- shearing forces to nano particles. Accordingly, bead mills using
beads of a few tens um have been recently developed on a

-~ laboratory scale to.make it posgible to apply wmore uniform



- 1 shearing forces to nano particles, whereby it
becones possible to conduct mlling and dispersion to
nearly obtain a primary particle size of nanoneter
size in the laboratory. On.the other hand, ultrasonic
di spersing apparatuses are known that are used for
di spersion in a liquid/liquid system for,
e.d..,_production of emulsion, or mlling and
hdis ersion of solid. particles in a solid/liquid
- ShEFRIENTOBGeE nFQ AAnBaTrticles whesehlid becPmparpossible to
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to conduct mlling and dispersion to a level to
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si.ze.. 2n. the ultrasonic dispersing apparatuses,
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pi gent - di spersing apparatus applicablfe at pro

++1 Posisgpée, te divpiaritng ddree alidvennesltliiies beaghdniddrtysias with

beads of mm size and ultrasonic irradiation. Mre

- Oneg RREERYT, Mhprely npllisome Lpvwapeneeniessébnarange of particles
of a liguid nmedium

n ed, by a_pipe and a mxt Tedl
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of . the vessel. However, in the ultrasonic-generating

colhpvimmhicinpaskirier sich ane appatharusanrbengttoodted by shock
.wavéérégﬁe%gggg.éﬁrggg?decay-of cavitation, whereby it becomes.

- possible to conduct milling and dispersion. ' '

... JP-A-2000-351916 describes a pigment—dispersing

- apparatus applicable at production level, combining the
above-mentioned bead mill using beads of wm size and ultrasonic
irradiation. More spécifically, a media mill and a Qessel are
-connected by a pipe, and a mixture of a liquid medium and solid
pigments to. be uniformly‘dispersed is circulated therethrough,.
The pressure in the vessel ig reduced during thé dispersing
treatment, and an ultrasonic-generating mechanism is disposed at
a part of the wvessel. . However, in the ultrasonic-generﬁting
mechanism used in such an apparatus or method, ilrradiation of the

mixture with ultrasonic waves is conducted for the purpoge of



m xture, with ultrasonic waves is conducted for the
purpose of - 2 ' preventing sedinentation of a

di spersion having the contents dispersed with. the
media mll, and not for obtaining nano particles
uniformy mlled and di spersed. As nentioned. above,
with a bead mll using very fine beads of a few tens
ymsize, it becomes possible to conduct mnilling and

dispersion to nearly a primary particle size of
- PTragfitnegepedinantatian| abot fispprséen imyinbuthe heonkangsa
. min that it..is. .difficult, to separate nano
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practical. production |evel. Further; when beads of mm
si ze, fBs mxanphed beaes, oficl. & Paad TAALNMhsing eratsedine
it has been found that although separation of beads
beads gdsai Frw tems pE- sizmoddi breones mergibiente |dangughd
qdi.spersion to nearly a primary particle size of
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primary size | evel can bé nmade only irra
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. beehatdlng ¢aed ADthqUACkegalaPIQdWH beBds is possible, it is
impossible to conduct wmilling and dispersion to nearly a primary
particle size of nanometer size.

On the .other hand, a method has been known in that
- milling and dispersion to the primary size level can be made by
only irradiation with ultrasonic waves. However, in such a
method, the conditions for sufficiently generating the collision
of particles with one another are extremely narrow, and the range -
- in which the propagated wave energy can be exerted is extrewmely
narrow, whereby only a small amount of material can be treated.
Accordingly, . from the aspect of cost performance, such a method
is hardly used for practical production.

Further, a method combining irradiation with ultragonic

. waves and a bead mill has been proposed as mentioned in the above - -

- JP-A-2000-351916, but the irradiation with uvltrasonic waves is



Further, a nmethod conbining irradiation with
ultrasonic waves and a bead mll. has been proposed
as nmentioned in the above JP-A-2000-351916, but the
irradiation with ultrasonic waves is 3 conducted in a
tank of a large capacity at practical production
level, and no.mlling nedia (balls or beads) are

contained in the tank, and therefore the extent of
anot her by
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material containing a |iqui paf%lcles ¥
-purpbseiof midekygmnd edspersing nano partlcles, such methods

~have not reached practical production level using beads of mm

size.
Summary of the Invention.

An object of the present invention is to provide an
- apparatus anﬁ method for dispersing and milling a material
. containing a liquid and solid particles to obtain finely milled
particles of nanometer size.

Another object of the present invention is to provide
A.an apparatus and method for dispersing and milling a material
containing a liquid and solid particles to obtain finely milled

particles,of nanometer size and that can be economicélly used on

- & commercial scale and that overcome the aforementioned problems

- of known apparatuses and methods.



particles of nanometer size and that can be

economcally used on a comercial: scale and that

overcomre the aforenentioned problens of known

apparatuses and nethods. 4 A further object of the

present invention is to provide an apparatus and

nmet hod for dispersing and mlling a nmateri al

containing a liquid and solid particles to obtain

finely mil$8dhePaf k€St QhheNBROMBIEE nSdiAE ANEs W EBovide

utilize shock waves generated by ultrasonic waves to
argeppdErtaseandverbnd Ofr pibspersgngmee anift dinger oeeerial

di spersion_and mlli ng_effi ci.ency. According to one
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to be treated containing a liquid and solid particles
gebpkeaidst] yhei emisdonit swaitdsr tedad@getrbes mwvichent |dfi Aglling

media, and irradiatedw th ultrasonic waves during
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the formation and violent collapse ofsmall vacuum
malisip Bl ek PPhtgepircherBhding at biqiid eadi siticonarairdes
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thy ppati RATGACLSS aydutiusenda, the SO ikHpartkpidst he the
. aml ifude.of the ultrasonic waves for irradiation is
i s a6 S TR A Ge RLET TP o GPeg ot and
higBFP¥é SRS cauwslSPehStHRY 196uid, resulting in the formation and
violent collapse of.small vacuum bubbles. This phenomenon is
- termed cavitation, and the violent collapse of the small vacuum
- hubbles produce shock waves in the liquid. The particle size of the
milling media is preferably about 15 pum to 1.0 mm, the frequency
~of .the ultrasonic waves for irradiation is about 15 KHz to 30 KHz,

and the amplitude of the ultrasonic waves for irradiation is about
5 pm to 50 pm.

- .. The present invention alsc provides a dispersing or
+ milling method wherein solid paxticles are dispersed or milled by

using the above dispersing or milling apparatus.



mlling method wherein solid particles are dispersed
or mlled by wusing the above dispersing or mlling
apparatus. -5 In accordance with anot her aspect of the
present invention, a material to be treated (ml|
base) containing a liquid and solid particles bl ended
therewith is supplied to a vessel of a bead mll, the
material is stirred together with mlling media in
the vessel so that the solid particles are finely
m || ed &rdageersancedvivh tinethegukshecmefanhal presomi
erator is dis osegbon the vessel to irradiate with
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milgfingheegi@sentthenvestélormo thanstier issllitiophet icrm ade
articles blended

a uid and solid part, )
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case where shearing forces are applied to solid
stiggingcl &he prebentrptryenglion calm preatdeds soldElsperbyndg her
, ement of mlling nmedia as conducted by use of a
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i nvention, the shock waves generated by
a material to be treated containing a liquid and solid particles
-blended therewith is stirred together with milling media, and
irradiated with ultrasonic waves during stirring to finely mill
. the solid particles and disperse the solid particles in the
liquid, which is unlike the case where shearing forces are
-applied to solid particles in the material to be treated solely
by the movement of wmilling media as éonducted by use of a bead
mill using beads of mm size and unlike the case where milling and
dispersion are conducted by collision of solid particles with one
another as made in an ultrasonic dispersing apparatus.
In the present invention, the shock waves generated by

- drradiation of the material with ultrasonic waves causes the
. .aggregated nanc particles to vigorously collide with one another

and alsc causes the nano particles to vigorously collide against

- € -



irradiation of .the material wth ultrasonic waves
causes the aggregated nano particles to vigorously
collide with one another and al so causes the nano
particles to vigorously collide against 6 the mlling
media. This is particularly effective when the
concentration of particles is low At the sane tine,
the milling nedia also receive the shock waves, which
accel erates novenent of the mlling nedia. Since the
theimdlildggmeeiilia ar Ehibgbs questticulbily ed fenttite Weasahe
the mlling media are thoroughly and energetically
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anot her and collision of the nano particles agaln
-stirpednih| iy veedied, ache imilddngonediomrel thoemeshignanher
to extrenely finely mll the solid particles so as to
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t tivel t .
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is at nost about 100 nm it is possib to 'separate
.~ thet henmigdritiglendiatl heweebnothdy aﬂ(bﬁgliﬁtﬁ)m&fﬂ tﬁéenano
size of the mlling nedia at least 15 m and the
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- .+ . Further, since the average particle gize of nano
particles thus obtained .is at most about 100 nm, it is possible
- .to separate the milling'media therefrom by making the particle
size of the milling media at least 15 pm, and the milling media
can be accelerated and .vigorously moved by shock waves generated
by the ultrasonic waves by making the particle size of the
- milling media at most 1.0 mm. When the ultrasonic generator is
. disposed inside the vessel of the bead mill, the particle.size of
the milling media is preferably within a range of 0.5 wm to 1.0
mm by which classification of nano particles and beads can more
assuredly be made and sufficient movement of the milling media by
.the shock waves can be made when the apparatus is used at

practical production levels. When the ultrasonic generator is



mm by whi ch classification of nano particles and beads
can nore assuredly be nade and sufficient novenent of
the milling nmedia by the shock waves can be nmade when

the apparatus is used at practical production |evels.
When the ultrasonic generator is 7 disposed in a tank
functioning as both a supply tank and a recovery tank
in the bead mll, there is no problemin practi cal

 production so far as the particle size of the mlling
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Brief Description of the Drawings

Fig. 1(A) and Fig. 1(B) show a bead mill of system A
- illustrating an example of the present invention, wherein Fig.
1(A) is a longitudinal cross-sectional view and Fig.1(B) is a
- cross-sectional view along the line B-B in Fig. 1(a).

Fig. 2 is a crose-sectional view of a bead mill of
system B showing another example of the present invention.

Fig. 3 .is a cross-sectional view of a bead mill of
,sysFem C showing another example of the present invention.

- Fig. 4 is a cross-sectional view of an apparatus of

. 8ystem D showing a further example of the present invention.



Fig. 4 is a cross-sectional view of an apparatus of
system D showi ng a further exanple of the present
invention. 8 Fig. 5is an explanatory view on an
exaggerated scale illustrating the action on nano
particles by a conventional ultrasonic dispersing
.apparatus. Fig. 6 is an explanatory view on an
exaggerated scale illustrating the action on nano
particles by a conventional bead mll. Fig. 7 is

an. expl &R&t of yivisswesplarattorygyéedt el At axaggerated scale

bl Lustr.ati t he .action on nano particles by the bead.
ll?n“%‘fq‘-”a&fm{ﬂh e pIEEEn Pt POHCIBhTRIN%ed BesYrRpies
ul8faddificl RYSBEL L Th £§§Eﬂt i nvention may be applied
to yarfoysgﬁ%nqsg-o?pgea mlls (a wet-type
nmedi um eigpes sisngnappil Atdtdryaviedich oM kkaggerated scale
.. bead-di spersing apparatus, etc.). Hereinbelow, systens
illpstpgting) the petdepl an reancapaspeclids dyi bl getvantiimmal bead
i anples. Figs. 1(A) and 1($) illustrate an exanple of
§§Sten1A. A bead mll 1 has a vessel 2 in which is
rot at abgyy di-sRESEH. & : rot '
connected to a dr?\'/‘?xr% agﬁghr-ﬁsv;\tﬁﬁ_ﬁl Fg 8%%?%%%& pgate

illdscyetityy taey agtibalde MhoVeasOilIee CPOtLs WY ofi®1 of the
rotationally drive the rotor.4. The vessel 2 has a

pregepti fgvertdioa. supply port 5 for introducing mlling
medi a, such as beads, balls and the like, into the

I terial supply port 6 for introducing
Det\égﬁé‘?enﬁ%}q giglg fretg’teeg?egrb'\é’r?"g‘as amll base or a
slurry in the formof a mxture of solid particles and

| i qui d,The present. invention may be applied-to various kinds

-of bead mills (a wet-type medium-dispersing apparatus, a media

mill, a bead-dispersing apparatus, etc.). Hereinbelow, systems A
- to D will be explained as specific illustrative examples.

Figs. 1(A) and 1(B) illustrate an example of System A.

A bead mill 1 has & vessel 2 in which ig rotatably disposed a
. rotor 4.  The rotor 4 is connected to a driving shaft 3 which is
rotationaily driven by any suitable drive source (not shown) to
rotationally drive the rotor .4. The vessel 2 has a milling media
supply port 5 for introducing milling media, such as beads, balls
and the like, into the vessel, and a material supply port 6 for
. introducing a material to be treated, such as a mill b&se or a

slurry in the form of a mixture of solid particles and liquid,

into the vessel 2.



into the vessel 2. 9 The rotor 4 has a holl ow,

tubul ar shape with substantially snpboth inner and
outer surfaces. If desired, the inner and/or outer
surfaces of the rotor 4 may be provided with a
projection of appropriate shape to assist in noving
the mlling nedia and the material to be treated as
the rotor 4 rotates. By way of exanple, the
projection may be in the formof a guide nenber as
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the inside,, and vice versa, of the tubular rotor 4. A
medigq e Bhe nayesiielobedbd rigiedbed has rdteorodont 4 tivcdtase By

of the vessel 1. The stator 8 is of generally tubular
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treated, permitting the mlled material to pass

flopgeivthrotrgiiabhial hhelsgatbow Sstylte . pr thentdtng: passage
[ 1] ngrmsdi a. A stator discharge port 11 is
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di mensioned to forma flow path that extends between
the A stator 8 is positioned inside the rotor 4 at the base

of the vessel 1. fThe stator 8 ig of generally tubular shape and
- is provided with .a stator intake port 10 at its upper end. Above
the stator intake port 10 is a media-separating device, such as a
screen 9, for separating the milling media from the material
being treated, permitting the milled material to pass
. therethrough into the stator 8 but preventing passage of the
.milling media. A stator discharge port 11 is provided at the
lower end of the stator 8 and communicates with the statér intake
port 10 for discharging treated material Ffrom the béad mill 1.

- The vessel 2, the rotor 4 and stator 8 are configured
and dimensioned to form a flow path that exﬁends between the
inner surface of the vessel 2 and the outer surface of the rotor

4, through the one or more rotor opening ports 7, and between the
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i nner surface of the vessel 2 and the outer surface of

the rotor 4, ,through the one or nore rotor opening

ports 7, and between the 10 inner surface of the

rotor 4 and the outer surface of the stator 8. In

operation, a predeterm ned amount of mlling nedia is

i ntroduced into the vessel 2 through the mlling nedia

supply port 5 and a nmaterial to be treated is

i ntroduced into the vessel 2 through the materi al

inggpurfpoet of thHEheokorot ahd sher otiatr Gualfbye dof Ve apdtor

S thorou ghly stirred and mxed wth the

I
8. i1 RETREG nPFeaeHE TR Fape; sty nawicess
1n@f%eﬁh§né+1q}%e%gg cgi) é h:%r h I gl girﬁl g&?%%dilao supply

then throu Interior o

pofh sChagoe tﬁdlréi:lign tbhe Stral@eadi s Qh‘ﬁ:%@u@@&tlﬂtjo Wl @essel
the milling media is circulated around the-flow path

2 @m@ugb pheveateedabystpel ynpdica- 6 s e Tieatbhigr device. 9
Qn1e£ter|ng the stator intake port 10. As shown in

:'-”Otréit@gna 1A)AGTER1 pRY  the dafressal wa@raﬁghhotwmeg and

t rtpon 1 tha def

w8 GO0 NPT UL W BT Y Wk a0

advﬁh@éé Ugli i@y cRer E16W pkdCeBStad WRs o2 !\@ééké)‘i:fofxltoﬁooénd
the vessel 2. An ultrasonic generating device 13

: the@ubhrqughatharmnthmbnﬂdfrahenstatcgelefatGdlsdhargauahfmhgh
to the vessel 2 and extends_ into the space defined by
the ﬁléa*ﬁ?lbtdﬂﬁ&hﬁﬁ%cﬁ%toﬁlmhlhm cher silltpngneset ien 12
rab 0 ed_a rt of the ve sel 2 that
etk i B8 SR BOLD e BT Pi i FHG media-
sephBSk B g 'dfevﬁ@é' ] %on@@nt@?ﬁﬁéaﬁ:rﬂeagg?p f:dn%a%ypggt X d'

pl aced between the outer surface o roto
_the ul heashaint gerdgat oL (8) tandf unBherekl Rickisslh & hess an

- outwardly -extending protruding portion 12 that defines an open
chamber or pocket.that opens to the flow path. The protruding
 portion 12 constitutes a wall portion of the vessel 2. 2an
ultrasonic generating device 13, such as a horn-type ultrasonic
generator, is mounted to the wvessel 2 and extends into the gpace
defined by the protruding portion 12. The protruding portion 12
is preferably located at a part of the vessel 2 that is haxdly
influenced by the circulating milling media. If desired, an
appropriate baffle may be placed between the outer surface of the
. rotor 4 and the ultrasonic generator 3 to further diminish the
influence of the milling media. In the example illustréted, the
~vessel 2 is provided with one protruding portiom 12 and one

ultrasonic generator 13; however, the invention is not limited to
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i nfluence of the mlling nedia. In the exanple
illustrated, the vessel 2 'is provided with one
protrudi ng portion 12 and one ultrasonic generator
13; however, the invention is not limted to - 11
this arrangenent and the vessel 2 nmay be provided with
a plurality of protruding portions and ultrasonic
generators at different |ocations around the vessel.
During operation of the bead mlIl 1, and as descri bed
this awspeoeeeel |ansetbentesend 2amantls intovideBewttleat ed,
i.Gh.in. this-exanple is a sluyrry of sqlid particles
Pl‘.%glgitm aﬁi%F,°%@‘l{‘ﬁepmfﬁmsnanﬁeaf%aaﬁoelpne%ms at

diffntheodassels 280684 fpw.0LQ; the concave portion
12. when the mlling nedia.and nmaterial are

i rradi abeting tdpetthtf Qs Ol Gheayesd ganar at egndyad MR scribed
., ultrasonic generator 13 while the rotor 4 is rotating
1n JOTR| getabledigreinbelew| iad msaviphritd beesreatmt ondligh in
th£ojkidg}mﬁih oni anothr ang vigorously collide with
ThE* MRS iF Aedi - ROk Fe148rRATTid o5t hB 2 ntiquidy and the
i TR Hiy Btk S0 28CE] i gh |
S Bt 1068 M Tect? 5ot 3/ HES ohe
congbee pdoAUSRY Sthidd @thel fiilDEny @Rk, ahdlGndfidriaNOare
~media are thoroughly and energetically noved and
irrgdiatrf stishr pherdsrties vaves gmreraeddbpytivolulitsheanbd
the mlling.nedia with one another. The shearing
genpLp s lﬁe?’ng £ P hyFLEr fsiDFSrtiRg aF | MHgly sreafa, the
@l 1.5 ‘ [ Wt h one another. an
sl S BR-Grel o MRy Bt MR SRR B
- vigaeslislyaebll Dd6 G R @hkORi1 WA rRACa aNAUNehe same time, the
to.extrenely finely mll the solid particles so as to
milpingimeddesalew meamedvpathe cdlesk Wavesxanplod, abbel&eates

mllin
movement o%-the milling media. Since the milling media are

vigorously stirred in the vessel, the milling media are

'-.thoroughly and energetically moved and strong shearing forces are

- generated by collision of the milling media with one another.

- The shearing forces generated by collision of the milling media,
‘collision of the nano particles with one another. and collision of
- the nano particles.against the milling wedia act in corporation

rwith one another to extremely finely mill the solid particles so
as to obtain desired nano particles. For example, if the milling
‘media consist of beads, the beads would préferably be within a

- range of 15 pm to 1.0 mm, preferably 0.5 mm to 1.0 mm. By

-adjusfing the bead size within this range, it is possible to

agsuredly separate the nano particles from the beads by use of a
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medi a consi st of beads, the beads would preferably be

wthin a ,range of 15 mto 1.0 mm preferably 0.5 nm

to 1.0 mm By adjusting the bead size within this

range, it is possible to assuredly separate the nano

particles fromthe beads by use of a - 12

nmedi a- separating device, such as the screen 9, a

filter, a gap- type separator, etc. Fig. 2 shows an

exanple of system B, which conprises a bead mll 14

meciﬂa?\rlSﬁQaaa'V% elevi§e, whiah ass ther sawramaldl, yadf$posada gap-

a_rotor 17 rotatably disposed in the vessel 15 and

: tmeotsﬁpﬁﬁﬂﬁ?zfye&ﬂ ven by a driving shaft 16 which is
driven P%’T%erz %@%Snéﬁ oeg@.! 3%' ye %ﬁé{:{f aB( nQﬁl&b%rléas a

gui de ne 17a1s rov ed ar n’out
bea{&fdlmiﬂel@maﬁﬁiﬁlfgaéev@@fél as, ofhide i@%&lz&ﬁtémy disposed,
ronoting the flow of slurry in a substantially
an IauQOt@#rﬁ7sﬂgyhéahkycﬁiﬁpdSBQdinfthe ezanplelBiand

-  700 The vessel 15 has a su ort 18 for
Ot AT PBRIY i LY PR A4S HAEtad HBagS, 18 driven B a
coﬂv%ei&ga/f%%ﬁ_k/eaggué (B 8{1&9&)”.9 %Hgﬁghé'mérﬁae%e 17a is

treat such as a urry o I cles

. proviiged thrduldo ant Ber&e $eRliphérdE @@ﬁ%@abéﬂf&l daVicae A&or
in the formof a gap- type separator is disposed at

17 the powsstingahhe ntilof oﬁhelﬂtxmwﬂmaﬁhsubatamnxahiwtphgg -form
he beads fron1eX|t|ng the vessel while permitti

StYLReaT KEREAPRRL of IS RBPHF o h’é’r‘@rﬁr%ﬁ andhexEsEHe 15
‘has gqgl l r QQQE- g% LG g ag
;_%BZE, otggs s i §‘8ng gl 15. 1nﬂ me réat%él &
bealls PMARe cher Was sk B RGaS Ede pﬁutaa%c\.{ﬁ@sleété&atlo tbhge
rotor 17 whereas in the bead mll 1 of systemA, the
tregegdr isalch as a slurry of solid particles in a liquid, into
the vessel. A media-separating device 19 in the form of a gap-
type separator is disposed at the downstream end of the flow path
- for preventing the.beads from exiting the vessel while permitting
-the treated material to flow therethrough and exit the bead mill
through a discharge port 20.
In the bead mill 14 of system B, the material being

- treated flows from the forward end side of the vessel 15 to the

- - rotor 17 whereas in the bead mill 1 of system A, the material

being treated flows from the rearward end side of the vessel 2 to
the rotor 4. Also, the bead mill 1 of system A is of the

vertical type in which tlie material being treated advances

~. vertically while being dispersed and milled whereas the bead mill
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being treated flows fromthe rearward end side of the
vessel 2 to the rotor 4. Also, the bead mlIl 1 of
system A is of the vertical type in which the
material being treated advances vertically while
" being dispersed and m Il ed whereas the bead m |
14 of systemB is of the horizontal type and the
mat eri al being treated advances horizontally while
bein i spersed an . lled. At a part of the vessel 14
Y4 ﬁgt %%eé'g %t A& ‘Pgr‘%herm&‘%haon‘b%l tti@er spdrthey magerdebseeing
trektodefveheaber o2l 45 Vi Ln.the,, vessel 14, T
recess or open %’ﬁ%ﬁbe?ggg %]glgges bteéngh%lﬁl?e&ﬁega?ﬁ‘? meA]le"'ed'
| oadi ng-Aty pepaitt &S @ReCvaSSEr AlOknde #s5udl $RASLGry rd end
within the space 21 for irradiating the beads and t he
Of ki PRt A7 ul @ reesEsiscor weves chBubéne Usies pfrotbe@edaiad the
d as described hereinbelow after a

. 4
Ve%%r‘i'éide]llér n?ﬁ%dreq‘ffaﬁ‘?t PEyoRAn sdgabenrr ¢l gransodacklae i ity path,
a idess ) .S Introduced intq t ,
vess E%S%gb? ﬁotlﬁg&%%? Eé u%éu%ep a3$/° °5 o%% yk: ,delﬁ?é’ SIegt %Jtr]ﬁil'f‘ ithe
spawt atli Gonl 1 yraiiiiaeeng ank Heaadd! bASAR 198067 Ml B2 rhSonic
activated to generate ultrasonic waves. AsS the rotor
WavEE.rotates at high speed, the slurry is stirred and
i vely advapces through the vessel 15 while

13

progr essi

t he sol TH3%r P8 85 - Uik berdpBi kb d 4andndi ff edesdyjibete

&k [ ags._.The ul trasoni c waves_.cause the nano
he pé%??%%’s I?:‘Ltgfg.@i‘cgl T e%ﬁr F‘ﬁn%ﬁeq"éa}%\g%@r Ogn}&eac‘gﬁ@é'et he

intradacedaitdtiockns Y&l hisderms tdy 1 he Beads, » diNinto the
conmbination with the shearing forCes created by the
vespehdb? diionghhtigh sppdd poratimn chef rbéberrot as 17, the

ag reagﬂt e% nano particles are mlled and
rotationdlly driven and the ultrasonic generator 22 is activated

to generate ultrasonic waves. As the rotor 17 rotates at high
speed, the slurry is stirred and progreseively advances through
the vessel 15 while the solid particles are dispersed and wmilled
by the circulating beads. The ultrasonic waves cause the nano
particles to. collide with one another and cause the nano

. particles to collide with the beads, and in combination with the
shearing forces created by the beads during high speed rotation
of the rotor 17, the aggregated nano particles are milled and
dispersed to nearly primary size. The size of the beads is
within a range of 15 um to 1.0 mm, and preferably 0.5 mm to 1.0
mm. By adjusting the bead size within thig range, it is possible
to assuredly separate the milled and dispersed nano particles

from the beads by the media-separating device 19.
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di spersed to nearly primary size. The size of the

beads is wthin a range of 15 mto 1.0 nm and
preferably 0.5 mmto 1.0 mm By adjusting the bead

size within this range, it is possible to assuredly
separate the mlled and dispersed nano particles from
t he beads by the nedi a-separating device 19. 14 Fig.

3 shows an exanpl e of system C which conprises a bead
mll 23. The bead m |l 23 has sone parts that are the
sane a¥igho3eshaivst he eeachld kif Zystwe whiFhgoorddrAkes a
and the sane or  sinmlar parts are denoted by the sane

bead iildnRd - nuFirekeadniilexdd 494t Fove tivaitéothnt ave tthedsame
| 11,23 t r.udj i on f
e Be ool Bl B, R BHCKIR RO 0851 Dy g o

ccommo 1 on

sidiIRnypasel . atdehdfead Uk LURE H 4425001 fumbSHLTRLO!

24 is disposed in a space 25 inside the stator 8
expleaationt etermtfeiisabmitionk afthethpassidngitbrozgmd he
nmedi a- separating screen 9 and before reaching the

PIRRCAES geeiran £or ferypmdation, of amavdErasonis fern is
. h f solid parti '
o iEBTEn, G NeBBalcontebde. £ e vades M Da or e

gerRa88bh %24 WPUgRpLEE SGI %e%pgceti?_iﬂl%ri%ﬂac{ﬁé siHtfor 8 where
di spersed and mlled by the shearing forces of the

thebéadsted meateerdaby £ hivgh aSpeedpiadialy ehrofigh hthd ale@iad.
After the milled particles pass through the screen 9
SepPaRatbed oﬁcéfeleéaéh?% heferedrerehinge ther digdhangeeport 11,
ul trasanic horg.24 i rradi ate{s) thgJ garti c%re]s W th
ul t r asont CRRATEE RadsiMGeoioridu L SEFR TN B ASNd

s1uPRY L€ R 1 W er@ﬂﬁé@.%hSr1}('%%%:’{3,”1%“?&? 2P inklde the
this manner, both actions earing and ultrasonic
vesgaYel idndabefbr®Passing through the screen 9, the particles
are dispersed and milled by the ghearing forces of the beads
- created by high speed rotation of the rotor 4. After the milled
- particles pass through the screen 9 and before reaching the
discharge port 11, the ultrasonic horn 24 irradiates the
+ particles with ultrasonic waves causing vigorous collision of
nanc particles with one another within the space 25. In this
manner, both actions (shearing and ultrasonic wave irradiation)
are applied at subétantially the same time, whereby aggregated
nano .particles are milled and dispérsed to nearly primary
- particle size. The size of the beads is within a range of 15 pum
to 1.0 mm, preferably 0.5 mm to 1.0 mm. By adjusting the bead

size relative to this range, it is possible to conduct separation
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are applied at substantially the same tinme, whereby
aggregated nano particles are mlled and dispersed to
nearly primary particle size. The size of the beads
is within a range of 15 m to 1.0 mm preferably 0.5
mmto 1.0 mm By adjusting the bead size relative to
this range, it is possible to conduct separation 15
of nano particles and beads by use of a
nmedi a- separating device, such as the screen 9, a
- of gl ppec 5ERAY alndr beddd idyt Qe 6f Ga rdg@a-deshyBinANdevice,
' apparatus illustrating an exanple of system D, which
suglb@gr thesserdssad. ni| $apgymrdsepatistar,35. £1heer bekd .
mll 28_js generally simlar to the bead mll 1 of
system BT excE Wf‘o%“ FRRATEFER b USkEahi Ty b mgmple of
syé]z%ﬂlebiat%ih&f] c%ElgrYgésc’eal h%ad I-H.]fl sﬁ'%ngegelﬁﬁg&e 35. The
nuner al s have en used in Fig. 4 to denote the sane
bea@ mslli2@rigpaeherySed dififfhg. td (e dddamdel ai l@dsystem A
description thereof is omtted. In the bead mlIl| 28,
exaept fexsuiovizipy abtths elbdesonia lgepavaber moy ¢he vessel 2.

pr ot rudi ortions for_  housing one or npre
The, PEPG SO GER cPAPOT A SaHAVE Y B deoEnin Tady 4sSR) Genote
thelBRAL A%0l5hn1 A USSR SMLAN: 4 N T 49 S2nq W Yelaifla 3°
conprises a tan which, 1Tnthis exanple, 1s a
desekrOpeibd ahkrebrid @afitteRy ardhRr babdt®ibe 26,1 €8t efhssel
such as a slurry of solid particles in a liquid, and
2 imi Y myovéded, witie pngs obemclse PEesrudihg A®tidong for
flowin port 26 connected to receive m|]led and

hOURIND e BT NERES JHITHAEPBC SFRACTALREP PR S d From
: ult%?gorﬂ'csgaﬁéggtcggrfs %ljdugf?dglplﬁih %aghg] Ilml.:f%rs’B .and a
ow out” por connected t0. supply the Sl'urry to

the . suppl %ipoF t356 Rfpthsedandafk! bo2hid) yht £RSHNI C

generator 30 is
example, is a closed tank, for receiving a material to be
treated, such as a gslurry of solid particles in a liquid, and
milling media, such as beada. The tank 29 has a flow-in port 26
comnected to receive milled and dispersed nano particles and
- liquid discharged from the discharge port 11 of the bead mill 28,
and a flow-out port 27 connected to supply the slurry to the
supply port 6 of the bead mill 28, An ultrasonic generator 30 is
disposed within the tank 29 for generating and propagating
ultrasonic waves within the tank. One or more sets of stirring
vanes 3la and 31b are provided in the tank 29 and are rotated by
drive motors for stirring and mixing the slurry and beads. A

- media-separating device 32 isg provided at the inlet of the flow-

out port 27 for separating the nano particles and beads so that
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di sposed within the tank 29 for generating and

propagating ultrasonic waves within the tank. One or

nore sets of stirring vanes 3la and 31b are provided

in the tank 29 and are rotated by drive notors for

stirring and m xing the slurry and beads. A

nedi a- separating device 32 is provided at the inlet of

the flow out port.27 for separating the nano

particles and beads so that - 16 only the nano
onhathechano graxrtdicd ehaage dliischergded fitwnvihat Fpowrio®7 port 27

for introduction into the supplyé£ort 6 of the bead
fomiintroguction inkg; she p@PAYi Rerdcvicfe the hegd peild 28. The

_ r iJter ap-separator_ or _the lLike. \Were the
7 e e A N R A
or e BiRES CGhere €RSI AN ©f B8R MORNR GRewSiEth o Lh§e of :
beads is within a range of 15 pmto 0.5 nm a filter
. 0.5 gm gesl rhlimg. aThersdz d sofietiraiilegdandswieh etieedizd of the
relation to the anplitude of the ultrasonic waves
beadan &f By 2t Kaneg 19fadénie tehdr afer a36iltar Has been
f; that when the anplitude of the ultrasonic waves
dﬂsﬁggﬁg?ge, nmovenment of the beads within the .slurry is
possi bliheekgnel br tdife BRAES Af G1RIRERY EhYrd 3d8n BO%he
therefore collision of the nano particles wth one
. ampahowdrerofattie gbttdsindeofratéde grreapadt beligse wWikthatheic
beads can be effectively achieved when the bead size
genpEARE Bi0n t R Pamdeest fegnghhad vhennbhe iimrldbyde of the
1] 1i.ng _and dispersion _can be cgonducted o nearly
el B L Lk ORPIANE GEnGReHErRAS WRGHIE) Ehe
2ludPplid pdes9h1e tARILE BROMG JMRYES ké%ﬁ%?ﬁél §08qe, and
propagation of the ultrasonic waves does noOt create
theseffdrecicohl i bbatl JORBERIn@Nhriticl8s with one another and

‘collision of the nano particles with the beads can be effectively

- achieved when the bead gize ig within the range of 15 um to

. 4+0 mm, whereby milling and dispersion can be conducted to nearly

primary particle size. On the other hand, when the amplitude of
- the ultrasonic waves is small, the propagation of the ultrasonic
- waves does not create sufficient bead movement and it is
therefore necessary to use ‘smaller beads. The optimum guantity

- of beads to be used is determined based on the concentration of
particles in the slurry to be treated. in the case of a thin
slurry, the amount of beads is necessarily large whereas in the

- case of a thick slurry, the amount of beads is necessarily small.
As the willing media in the case where the ultrasonic

-generator is disposed in the vessel, preferably employed are fine

- 17 -



therefore necessary to use snmaller beads. The opti nmum
guantity of beads to be usedis determ ned based on
the concentration of particles in the slurry to be
treated. In the case of a thin slurry, the anount of
beads is necessarily large whereas in the case of a
thick slurry, the anount of beads is necessarily
small. As the miIling media in the case where the
ultrasonic generator is disposed in the vessel,
begrdpfafr gbtlh ®rplzey slabrthdy ven ¥ mdegddyoths ustiock siazes
t hat th ; an be noved by the shock waves ener at ed
9e?ﬁFﬁiﬁ§a§ 0 e%ﬁﬂﬂ°@a??¥ﬁF%ﬁ%ﬁ§e&aBﬁeql¥¥ Gber asbrasontsgy waves.,
. 4. e. havi_n ' I riicle si
b imesees Tar i e S Ay M) S IE b & holEea

witde@keabn@sinpese reRdisnlintRensl n%eﬁ%%@hﬂﬁos@%di& I'S
preferred to have a size at suc a level that can be
dispsyaiag eebiaraguse daad sidpdieapraledesd to baed a2 aslze at such

screen, filter, gap-separator and the |ike, .
a leyeli i qap PecEePaRates BYt A9 EATFEBaERE Wi claviteRt guch
as %V‘Egr%@ﬁ,h ﬂl’EE{;hog é’fseg;%ﬂgoé‘ did b8k g@ﬁea met hod by
way of ‘centritlg TP Separatron, G nordercto separate
nano paggdcslrasal PRV G018y SF AAGPRELLEES SH Z&pabidbnts,
nmost 100 nm the particle size of mlling nedia is
eveneydth ed methbd af Uwast aabbiterd =gy aamethed hys way of
difficult to conduct separation with a particle size
centrifuggl SePERpEIQRzdR FBREY PR REPREALE SNANEIRFELChHES

gt o e e ST e

the™par

5iz806£ winafiehahbyidtlid eaghiPed tbeFHEt st WARR: 18Cm, and
particle size of the beads exceeds 1.0 nm it becones

it g fdiffilczlt otc omshitict Seépacateinin mavRnejamficdlbesize less
mlling media by

than this size. More preferred is a manner of using a screen by
which classification can be assuredly made, and the particle size
of the beads is more preferably at least 0.5 mm. Further, when
the particle size of the beads exceeds 1.0 mm, it becomes
difficult to conduct sufficient movement of the milling media by
shock waves generated by ultrasonic waves, and as the result, it
ig impossible to make aggregated nano particles effectively
collide against the milling media.

In order to move larger milling media, it is required
to generate larger cavitation and conduct decay thereof.

Further, when the concentration of particles is high, it is

- desirable to use the milling media in a relatively small amount,
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shock waves generated by ultrasonic waves, and as the
result, it is inpossible to make aggregated nano
particles effectively collide against the mlling
media. In order to nove larger mlling nmedia, it is
required to generate |larger cavitation and conduct
decay thereof. Further, when the concentration of
particles is high, it is desirable to use the mlling
nmedia in arelatively small anount, 18 and when the

ang gfeanthatsoreptrpaioh ctfe parsitbee dist low, dési tallesirable

to (5% HE PTG TERGR nif 14 FGLABATSLY d4°Ep: PR
mat er i ahg iSehechegh depend aglfﬂlgt REea3RP! %&ﬁggat-.tqgm Le

the dispersing or n%l I ng appar atus accor

matErdatnis ddleitbblofepddimX aAPtee HRPILBBCIbADP @St i CS,
. glass, ceramcs, steel, etc. may be used. A

disperedhg cothaidd inat eppartatiue predmtimgd tof the tpresent
; a%@Licat'on suscggtible to corrasion or breakage. As a
TIVESFYRRt Mife FFAYRG” p SIS IOREE 10y PIFSEdfad BiPThe Ceramics,
-sté@ﬁ?pgééjlﬂl- Be”héé&!“lA?%Eéééﬁféisgégar LG {0 Hgﬁgreferred

present 1nvention, an organic solvent such as various

fort yhesapilizbeabRl SusceptabebexantrraRl By | o tundaidsgtone,
nmet hyl acetate, toluene, hexane, etc. nay be used.
When t He al spiveni cvhgonesad @antd cdes pased:-reatedeby the
vessel , the_ultrasonic-generating device is required

A1spEr e oL BhILIING ARRREAEYS ARFANBPTL tRI R RFSESRt cause

invERE] ,t iagl 89#1)13% %1Qrfent~t 1?01{] réovg%:i&jnsc IteS evg E‘)@ gl[]c?ohols,
anot her Yy SNoCKwavesS proauce by cavit 1 on

cyc USRS aalet dmBihy T radiyat kaBodé | Rddhlyl asat L0 LE3u8AL, at

hexane, etc. may be used.

When the ultrasonic generator is disposed in the
vessel, the ultrasonic-generating device ig required to have such
a Erequency and amplitude that can cauge energetic collision of
the nano particles with one another by sghockwaves produced by
cavitation generated by irradiation with ultrasonic waves and, at
the same time, can vigorously move the milling media. According
- to the results of experiments, when the frequency of the
ultrasonic waves is about 15 KHz to 30 KHz and the amplitude is
about S.Qm to 50 um, it is possible to generate large cavitation,
- make -the shock waves at the time of decay strong, and apply
sufficient movement to the aggregated nano particles and milling
. media. More preferably, the frequency of the ultrasonic waves ig -

15 KHz to 20 KHz, and the amplitude thereof is 20 pm to 50 um.
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the same tinme, can vigorously nove the mlling nedia.
According to the results of experinents, when the
frequency of the wultrasonic waves is about 15 KHz to
30 KHz and the anplitude is about 5 mto 50 m. it is
possi bl e to generate |large cavitation, makethe shock
waves at the tine of decay strong, and apply
sufficient novenent to the aggregated nano particles’
and mlling nmedia. Mre preferably, the frequency of
t he ul t Fagchiffemeness i bsetwksnKeke tar20 Kz thantbdvee bead

.@ﬂ¥lltude thereof is 20 pmto 50 pm 19 _ The
mi H 3, BRI IORe R oL (EASETSF WP SaBEdet B arsan Hhare

did h,ul t d th
a1 98RO WAlathb ] (dA000L S WY SRR LIRS | 4

ultﬁaﬁﬁhﬁckdidﬁéigﬂhg @e-FRR DrNBoRPMGSnal BOLY GRitl %na%lll be
bead mlls, will be briefly explained below Inthe

bruﬁiéﬁsemW&am@ednbylam ulrt thsocasesdivhpessonly devi ce i S
used, ,as, shown in Fig. 5, the _collision caused by .
U1t§ﬁ881%1?/\7&’<}§§ei"§1’65ﬁ|‘§e‘f3+?§ 8l red.omsafbayR HydHsgabedthe
i.Clae es. where
co1B3p o Uiy By Shod =08 RS Sl BhE, SUA B oR Bhapa e

aggeset<d @ﬁnobﬁﬁf@ﬁcﬂ.e@ lalsi. ngIﬁrEtcﬂea cAfek SutksRH ondPda SHGH
a net hod does not positively collide nano par cles

mil33isgmiedst as hshaowr linngigeds a ord4. sByaciomg rfaﬁh,esl dedrated
case of a bead m || using ultrasonic waves in
Let R iTHAL18d, medias Bdw Si HSed g ang, S§F}hcfé sdel dagesnot
t trasonlc v e a e
' pOSH%ﬁ‘El%dﬁgyl agoregat ed }é\a fes fig %%t’lﬁe@éﬁséng nddid
34, ShearbRereF cos, t@l@dcagé’léf %! %@aér@ﬂﬂl Uﬁn@aﬁgtra onic

particles and collisions between the nano particles
wavemndn hembiddtitm,medi ahane icawsigd by sircadisAbbRMwaves
created by ultrasonic waves are applied to the milling media 34,
aggregated nano particles 33 receive shearing forces, and
colligion among the nano particles and collisions between the
nanc particles and the milling media are caused by irradiation
with ultrasonic waves, whereby. the particles are effectively and
finely divided and it becomes possible to sufficiently disperse
and mill nano particles.

Hereinbelow, examples of the present invention will be
described in detail. However, it should be noted that the
bresent invention is by no means restricted by these examples.

Example 1

An apparatus as shown in Fig. 1{(A) was used wherein a

pocket is formed at a part of a vessel of system A and a
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with ultrasoni c waves, whereby. the particles are
effectively and finely divided and it becones

possible to sufficiently disperse and mll nano
particl es. Hereinbel ow, exanples of the present
invention will be described in detail. However, it

shoul d be noted that the present.invention is by no
neans restricted by these exanples. Exanple 1 An
apparatus as shown in Fig. 1(A) was used wherein a
hegoekppe il thrasarik ajererpabl wis alivgssal Disisstem poand .
a 20 horn-type ultrasonic generator was di sposed
MqrﬁsFEEF%ﬁ%§aégEkeﬂ.PrQMgpéiB%GEQﬁﬁLQHIﬂ?,WQS footmeddomgan inner
of a vessel 2,

rtpon_12 s,forned on_an inner_  wal|

Waggd£%na metng'go%1 ca‘%raﬁ' YAEERSARIC BPERakbifiSc AFener at i ng
182468 ARBnELSPARE Ak ! LAY, ti i e

" ul trasloni cnvvavegi‘ﬁaglvgﬁ&g‘?rabﬁf)i@tg g%? %Ibg:?n{ea gggﬂ-&dmdq

poftipueizcy Uhe 2l tédasonIbewdead hadl bnvWagpapekat 86 € i and a
circunferential speed of 4 ms and a slurry-supplying

freqgeencyt o020 Kz f ofher berdamifll Mas soprmredshbray
.0bt ai ned, by, addi ng 10, vol % of P25 powder, _i.e.,

S ST W I G TR .
10 JRP@N koW £ . mar ok € B4 de .of

titani am o%%g%gno %%P%%E}ogss g?%%ﬁégé bé:%gggg]n%ma(%mg 10
volh syfePs5 ngowalant i . o] yiatiopalr€ 1 861 £k A HPBNI(NIhSGh taaMokh1

a nol ecular weight of 8,000 added in an anmbunt of 0.5
CongLid - peFolsinf depant editlble paivacy amrbiadepsizd rafa6dnm

d[ﬁ(s)r 30, m nut es b% using rotating vanes at 500 rpm
maqGs Phg R T SXaFe PO HagEiyLen Fiche 3gbBvROLYTeT

diﬁﬁgegiﬁ%ﬁgg#ﬁ%pSBi§§E§yf¥5 Al 3RCLA N MPEFONIHGT € WP it ar
weight of 8,000 added in an amount of 0.5 mg/m? per surface area
of particles, was pre-treated for 30 minutes by using rotating
. vanes at 500 rpm. Using 3 litérs of this slurry and the above
- apparatus, experiment of dispersion was conducted up to 5 hours.
Using a granulometric meter of an ultrasonic wave attenuation
system, particle size in the slurry was measured while the
- concentration of particles was kept at 10 vol%. The particle
sizes, measured each hour for 5 hours, are indicated in Table 1.
Example 2
' An apparatus as shown in the Fig. 2 of system B was
~used. Specifically, a slurry flows from the forward end side of
a vessel to a rotor contrary to the slurry flow direction in
system A. The experiment of dispersion was conducted in the same

manner as in Example 1 using a loading-type ultrasonic generator
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Using a granul ometric nmeter of an ultrasonic wave
attenuation system particle size in the slurry was
neasured while the concentration of particles was
kept at 10 vol % The particle sizes, neasured each
hour for 5 hours, are indicated in Table 1. Exanple 2
An apparatus as shown in the Fig. 2 of system B was
used. Specifically, a slurry flows fromthe forward
end side of a vessel to a rotor contrary to the
digpeged il awphaedproed ion = pdtienvpposite. espehd MBYwa@l end
di spersi on was conducted in the sane nmanner_as in
of BBGHPPECT - uKAHF 14| DhERT FepFpred| o BPET gidle rfatioprs are
in&%%aq;hsggsf £é11a space formed on a side opposite to
~the tTorwaraénd "ofthe rotor. Particle sizes neasured
every hgimdir 35 hours are  indicated in Table 1.
Exanpl e 3 An apparatus of system C as shown in Fig. 3
was uselin arpeakiiscat |aystamhor s tahpnubihr BEPNIX was used. -
generator was disposed in a space inside the stator

Speiéreat he & derp- Mlitxreenis (gsnerphosi vre Hepeghdain a
r . efore reaching,.a dj scharge port. O her

- oPY a%sgﬁi%q:fh%a g?‘g?rt r?aggee%p%ynﬁﬁfmg‘f{ﬁeﬁp&f&eﬁn

- pasRSngNthiSAPLe sk @S LANHUEL A Rt LG & éﬂg&é :

P neagured hourls ?or g' hour s, é?géﬁndgcate inr nggrt

Othgr Exanphd o4 fAntappanhkbusand Sysirdneh: asf shiepersiioli & in

4 was used. Specifically, a bead m |l using

- Exagplechiwashgsedutkasts Srrbiclennizggs weashreshdourlyi ker S

h whi ch fun%pio ed as_a ilurry supply tank

ours, are indicated in Table 1.

Example 4

An apparatus of system D as shown in Fig. 4 was used.
Specifically, a bead mill using zirconia-based beads of 0.5 mm 7
was used, and a mixer which functioned as a slurry supply tank
and recovery tank (supply/recovery tank) was disposed in a
circulation system thereof, and a 0.1 liter portion of
zirconia-based balls of 50 gm was poured into the mixer. A
25 pm-mesh filter was disposed to conduct classification of the
beads and nano particles in the slurry. Further, the tank was
equipped with an ultrasonic generator with a frequency of 20 KHz
and an amplitude of 50 pym. The bead mill was operated at a
circumferential speed of 4 m/s and a slurry—sﬁpplying rate of
10 mL/s for treatment. An aqueous slurry obtained by adding 10
vol% of P25 powder, i.e., nanoparticulate P25 (Nippon Aerosil

Co., Ltd., Tokyo, Japan) with a primary particle size of 35 nm
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and recovery tank (supply/recovery tank) was di sposed
ina circulation systemthereof, and a 0.1 liter
portion of zirconia-based balls, of 50 mwas poured
into the mxer. A 25 pmnesh filter was di sposed to
conduct classification of the beads and nano
particles in the slurry. Further, the tank was

equi pped with an ultrasonic generator with a frequency
of 20 KHz and an anplitude of 50 m The bead m |l was

ma%%e?%tté&aa%m& O%Jﬁecuﬁfl@rmm&ﬂesp@ecu @fs 4 pdbymad a
for treatnent.

a1 Setteitie” SPEY, o ArReli o poadarripam Sofs ortibzs molecular
ﬂﬂ%ﬁ%ﬁ’s'eé%’a BQ@ﬁréﬁQH&ﬁ&E EEQ%QNhgpﬂﬂgé%rgﬁgk%ce area

d., Tokyo, Japan) wth a
of qiar.{tﬁcmms dhs padetofatdd Fai-upy Q?ﬁirﬂﬁeﬁaﬁﬁ’ R Ad ARSting
and, as a polyner dispersing agent, polyacrylic acid
Va%ﬁ‘r&ﬁl BPY st V\nUﬁhnﬂ holiseykart MSglsﬂuvry&I@DO:Mddbdve

n anmpunt per surface area
wprskefte) e%xp%?ﬁg‘eBF 5F rEtspeabion HOHGPQEE%WHJ §ong hours.
Usﬂﬁ%tatgfghufé%ﬁg§1§tmé¥g} %EnénLEﬂﬂgﬁs%nhEt§£§ (gﬁxeghgtlon

sllurry and the above apparatus, experi

systiespetiss Grizeasf Comeiiciied bR {1 531|&Qbé§r8was Lrh’éa!&r@d while
granul onetric neter of an ultrasonic wave attenuation

thes?@?@?ﬁtqqﬂéo§lﬁé wErgiadeschvas Kaptt ke 30 wwalk .waFhe particle
.512 | e the concentration ofﬁggé%%%%es was

E%p‘f‘eaasturf %?%’ paFt P PESRFEst igyEphle 1.
hour f Q. Q?ugs are indicated in Table 1. Exanple 5
Experi nent™ of di spersion was conducted in the sane

.manner meerindxa gy Qidpexsail whhabohditordZanotnbesds
put in the mxer, which functioned as both a supply

manpe leésadt Bxprwloy el wxcept that the size of beads put in the
mixer, which functioned as both a supply tank and a recovery
tank, was changed to 0.5 mm and the screen for separation of
beads and nano particles was changed to 0.2 mm. DParticle sizes

measured every hour for 5 hours are indicated in Table 1.

Example 6

Experiment of dispersion was conducted in the same

- manner as in Example 4 except that the slurry in the mixer which
functioned as both a supply tank and a recovery tank was
irradiated with ultrasonic waves with a frequency of 20 KHz and
an amplitude of 20 pm. . Particle sizes measured hourly for 5

hours are indicated in Table 1.
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tank, was changed to 0.5 mm and the screen for
separation of beads and nano particles was changed to
0.2 mm Particle sizes nmeasured every hour for 5
hours are indicated in Table 1. Exanple 6 Experinent
of di spersion was conducted in the sanme nmanner as in
Exanpl e 4 except that the slurry in the m xer which
functioned as both a supply tank and a recovery tank
was irradiated wth ultrasonic waves with a frequency

of 20 KHX3BR4® An. anplitude of 20 m Particle sizes
measur e for %ﬁ hours are indiéate in Table 1

|
- 23 Bx3 SRR RBRTS BT $PEpEPRT Y SHad e bRALRAT
mahfied N SAMBxafBINY edSebf m@ﬁ%ﬁ%ﬁ@% ggétb%%@?gixer

slurry in the tank m xer which
whgeipplunctanhednak aatécaverppliyarknwesnd id radoated ik was
._ultrasonic waves with a frequency of 20 KHz and an
1roaiateddeiph W rhsenicheavgy aish #efhusaeyi af t2@ KHz and

] xer, ed 0.5 mm_. and_t he sgreen for

an Q8 HEE of AT IR, Hhe pithst Ofaﬁﬁa%rﬂi‘tp&ﬁ FEP JBLREs was
chiftaded 605 Qup WHa PRE tlrS ko So) JRATILED 6Y Y AQUbeads

for 5 hours are indicated in Table 1. nparative
andExamp| padt fdlpar waenthaigedl $pes S Qi WaPagenaus t fid-dan

the sane manner as in Exanple 4 except that no beads
meafured pgivenh howe fpPxed hamyischre uindicated as Daitle 4.

supply tank and a recovery tank, and no irradiation
with ul ?@ﬁﬁgﬁfévﬁa%§§m§é%¥conducted. Particle sizes

TeasurQﬁqﬁﬁgﬁénQOHf diUpesPON S MR hAGLERT £ 1L LaBle
mannér as in Example 4 except that no beads were put in the mixer
which functioned as both a supply tank and a recovery tank, and
no irradiation with ultrasonic waves was conducted. Particle
sizes measured every hour for 5 hours are indicated in Table 1.

Comparative Example 2

Experiment of dispersion was conducted in the same
manner as in Example 4 except that no beéds were put in the mixer
which functioned as both a supply tank and a recovery tank.
Particle sizes measured each hour for 5 hours are indicated in
Table 1.

Comparative Example 3

Experiment of dispersion was conducted in the same
manner as in Example 4 except that the slurry in the mixer which
functioned as both a supply tank and a recovery tank was

irradiated with ultrasonic waves with a freguency of 20 KHz and
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Conpar ative Exanple 2 Experinment of dispersion was
conducted in the sane nmanner as in Exanple 4 except
that no beads were put in the m xer which functioned
as both a supply tank and a recovery tank. Particle
si'zes measured each hour for 5 hours are indicated in .
Table 1. Conparative Exanpl-e 3 Experiment of
dlsperS|on was conducted in the same nmanner as in
npl e 4 excegt that the slurry in the mxer which
anf %‘Pﬁ:]tllté'l‘ilédoﬁsz bR h a@dsappb%dsamtsranuua ire cdreemyxémank
i rr.adiated wt soni ¢ waves with- a frequenc
Pai&?’?%lc? E#Izzeﬁn‘aeas‘é%fp §Ffe£¥i'éf“?‘t‘{1<fé’r05 bevst reahBdhepte
TabBEaAdS -wWere put in the mixer. Particle sizes neasured
every hour for 5 hours are indicated in Table 1.
- Conpar atomga 2xaing exdmbXxpes i ment of - di spersion was’
conducted in the same nmanner as in Exanple 4 except.
t hat thExE‘PJEFm%nh ot Adspenasiomwie hcoldintisidohadtlas da@ieh

Su t nd a recovery tank was irradiated with .
| marﬁ?et ggo#‘ 3? i BRCPY (g his %:FWZFO’ KRz thadnixer which
- furd¥Rbhbd dgs of a r in the mxer |
Particle S|£g§1%£ga€$£%q§§§?g§ g%FE Bﬁ$§
irvaddated edith ultabkenie Wves w@tﬂ-achré&uehcy of 40 KHz and
an amplitude of 5 um, and no beads were put in the mixer.

Particle sizes measured every hour for 5 hours are indicated in

Table 1.
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It will be appreciated by those sgkilled in the art that
obvious changes can be made to the embodiments and examples
- described in the foregoing description without departing from the
broad inventive concept thereof. It is understood, therefore,
‘that this disclosure is not limited to the particular embodiments
and examples disclosed, but is intended to cover all obvious

modifications thereof which are within the scope and the spirit

of the disclosure as defined by the appended claims.
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From t hese experinents, it can be seen that the

appar atus and nethod of the present invention are
superior to those conventionally used and produce
nano particles of significantly smaller size than has

heret of ore been obtained. It will be appreciated by
those skilled in the art that obvious changes can be

nade to the enbodi nents and exanples described, in

WHATH &S 1 S dYBP nES descri ption without departing fromthe
broad i nventive concept thereof. It is understood,

therefofe, , t4h i L sgl ' | 1. : he
particul ar Aenb%%?gn%#?sgf 3‘%&%% ﬁaﬁpégggl?sscc{oglk%ggl%t gi S
vedsefietided rieoetoyemial ingmedadSandredinkt 6aid10ms boereated

which are within the scope and the spirit of the
confd Bl e 14 sPHfirhed iy ot kst shetiter doai Aeirring VAT
mateBi L AIMEDL Stk Eid1RRSESY NERE 1 NG BPAATAL HPL) ang

conprisi'ng: a 'vesse at Tecerves nilling med a and
dispelBd edheakboll harticaietdn QRNtakmidrg a8l 4 Warksslies

inaliquid; neans for stirring the material together
gengrekrt ek JareAgtae ditarasrifevaiassdn thee dilppicing assist

._di.sperse_the..solid particles in the_liquid; d a
in B PPEGE i S Rer B thh e Tad ke 4 Thert e Hves
inthe liquid to assist in mlling, and dispersing
- the sol2.d padismdresing rot hellimguiagpaZatud desRerisyngo or
mlling apparatus according to claim1; wherein the
Cla&?“t%'as'g‘ﬁir@l@eﬂ@r HLbFagdigi spredornis Heisppesdein te A
ifpersing or mlling apparatus according to claim2;

VeSHiFierei n the vessel has a protrudi ng wall portion that

3. A dispersing or milling apparatus according to
claim 2; wherein the wvessel has a protruding wall portion that
protrudes outwardly of the vessel and defines a space that opens
‘to the inside of the vessel, the ultrasonic generator being

disposed in the space defined by the protruding wall portion.

4. A dispersing or milling apparatus according to
claim Z or 3; wherein the vessel has a recessed wall portion that
opens to the inside of the vessel, the ultrasonic generator being

‘disposed in the space defined by the recessed wall portion.

5. A dispersing or milling apparatus according to
any one of the preceding c¢laims; wherein the vessel has a
tubular stator disposed therein, the stator having an intake

port at one end and a discharge port at the other end; and
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protrudes outwardly of the vessel and defines a space
that opens to the inside of the vessel, the
ul trasoni ¢ generator being disposed in the space
defined by the protruding wall portion. 4. A
di spersing or mlling apparatus according to claim?2
or 3; wherein the vessel has a recessed wall portion
that opens to the inside of the vessel, the
[ t or: hei i ed i h ace .
e e PR P St R s PR 0 Bt AT ey
tubtilad kbt dppasad Us 86€0fedsBl 4 eaBYrdN@g0ofhd Reator,
precedi ng clai nms; wherein the vessel has a tubular
thetzgter BFEpbsedcethdrenhothhshetessel hend hgeartdtorake
ri 0 e [.schar rt at_the other end;
B0 St ARG RS RelerorRE i el P e
betwdedl ithBabdgsedr hvein bubilt 3furEQEOrofdikEPOSRG ! Bnd MR tween
vessel and encircling the stator, the rotor being
‘the p@darf asmaboipnah suybase o fanlie timtost athareby rotedtion of
|l ow path_for the material. and mll.in dia is farnmed
BN i oS S RGP Bt B PEF KLY ALaSas ATk of
mi BNichoD BEMEL indl Bevaicahekt ,aRd e 'rd%ﬂ@fiaiuﬁﬁé'&f 8k 0
rotor, whereby rotation of the rotor effects stirring
pratgf inhe thet értalje royetdfetheigtetohe nilling media and
advancenent, of the material along the flow path into
t he i nt ake - the stataar., 6 i.spersing.or
mlli ng%épp?gg%tgﬁgsalf:n o?%irﬁlgﬁtlgg ?%Eéar"%r%ﬁg;ac Oel}giépﬂ 1ﬁwe
-clailnt baswieigenes all@kadsnid SRASEHJrN$SE 08 Igded Strati@e. the
7. A dispersing or mlling apparatus according to
stagPsim 5 or 6; wherein a nedi a-separating device is
di sposed
7. A dispersing or milling apparatus according to

claim 5 or 6; wherein a media-separating device is disposed
upstyeam of the stator intake port to separate the milling media
from the treated material to prevent entry of the milling media

into the intake port.

8. A dispersing or milling apparatus according to
«claim 5, 6 or 7; wherein the vessel has a protruding wall
portion that protrudes outwardly of the vessel and defines a
space that opens to the flow path, the ultrasonic generator
-being disposed .in the space defined by the protruding wall

portion.
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upstream of the stator intake port to separate the
mlling media fromthe treated material to prevent
entry of the mlling nedia into the intake port. 8. A
di spersing or mlling apparatus according to claimb5,
6 or 7; wherein the vessel has a protrudi ng wal

portion that protrudes outwardly of the vessel and
defines a space that opens to the flow path, the

ul trasoni § : iL.ng. gj.spo h

def i ned By The EPoLrine o5 i TRO3PPp b fesgRigs <o
athiyS g Sifngh@rpriickdimg cappad atdhs ralc ahdi Ak ta@oaly d@herator

of the preceding clains; wherein the ultrasonic
%?éﬁé@%ﬁﬁoPlt{ﬂﬁﬂﬁﬁﬁt%%¥%§lPﬁ%&ﬂﬁﬂacfﬁﬁﬂﬂﬁ?cﬁa9$rﬁ?oat 15 Kz to

r y . of 12¢ 0. K d an anplitude

0 ﬁﬁ%%ﬁ@ ggﬁﬁ??%Hkﬁ pm BE% Wﬁﬁgbﬁ? ng or mlling

apparatus conprising: a mxer having a tank that

receiveslen | [a d@sp&ﬂﬁiagand-mihi&hgrapﬂaraouskanpmeaim@ a

containing solid particles in a liquid, a stirrer that
miger having ?n§8§§ - ecetT HF&&%RQﬁ@Pd%?tQ?q:ﬁem?ﬁqqlﬁﬁgto

ben%géa?\:écp conﬁeﬁ%fhangofl(?i Eg'a!:{:lé.ré% Sﬂhsapq %ﬁl&hea %% H:gero that

particles in the quid, and an Ul rasoni ¢ gener at
sttilhat ands rdksposed mlaﬂef:hﬂ tragetiand wibBt theg@iel at@snedia in
ultrasonic waves in the liquid_ to assist in mlling

< thgngankyitepet bt Fgdt wespoe&lSPdtfp)%\rsalérie@aﬁtﬁcﬂﬁ% i (‘fﬁiedll%di
dgf
ana %Qﬂt%&mﬁﬁ E%L‘SO Iogoglj{]a?& tl% %o&gg ﬂ)%%r Egn]% iaglgﬂz }éga-t

therefromm partlc I'S erse In

getBgatiddatl Exuddaet Watdss ianthe diigped ses a%BEsLSG_d gilling and
particles in the liquid. 11. A dispersing or mlling
digppatidoushactdidi pgrticles in the liquid; and a bead mill

that is connected to the mixer to receive therefrom milled solid
particles dispersed in liquid and that further mills and

disperses the sclid particles in the liquid.

11. A dispersing or milling apparatus according to
claim-10; wherein the mixer tank has a flow-out port connected to
& supply port of the bead mill and a flow-in port connected to a

discharge port of the bead mill.

-12. . A dispersing or milling apparatus according to
claim 10 or 11; wherein the ultrasonic generator generates
ultrasonic waves having a frequency of about 15 KHz to 30 KHz and

an amplitude of about 5 um toc 50 pm.
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clai m10; wherein the m xer tank has a flow out port

connected to a supply port of the bead mlIl and a
flowin port connected to a discharge port of the
bead m|l. 12. A dispersing or mlling apparatus

according to claim10 or 11; wherein the ultrasonic
generator generates ultrasonic waves having a
frequency of about 15 KHz to 30 KHz and an anplitude

of about ;% pm Ejo_s?eQCsRIHé OI?’Qnt %j?_’in@ gl-tﬁg(?r%o%?rlslnﬁ the

ml1ing met hod, ~ conpr s of
soebd iofig nedi a toget her vvlth a rmterlal to be treated

containing solid particles inaliquidto mll and
di sper seSHTéTl@@IITUdllﬂagtm%Q@StWﬁttH@é M*@juladma%@idal to be

g n an s in th idta SSI
LA E by O Bt e b et g o
dﬁsqi:elxdsepalﬁé |sG)|lQ§ pdrtithes | ifiwhd. 1d4hiah dhgpersing or
milli ng net hod according to claim 13; wherein the

stirri n@r@@ég@tmmgléttrﬂ@orstoegsvas gncghei gyt tonesgilse in
me vessel ers mlling nmethod
m e R ed ehich e oérn%gsmgntbﬁes%dr PRAG-Rg in
cHY Q@@_g@j.l ng steps are carried out sinultaneously on
the material. 16. A dispersing or mlling nethod
according to claim 13, 14 or 15; wherein the stirring
and pr oéggatﬁ ﬁgswéi)@GaPé nikringenetiad @qumn%ltloycmm

1338@6?%&ﬁ&h?255 §LEH%an e£§§£& t?ﬂgrggeggnéke carrled out in

the same vessel.

15. A dispersing or milling method according to claim
13 or 14; wherein the stirring and propagating steps are carried

out simultaneously on the material.

16. A dispersing or milling method according to claim
13, 14 or 15; wherein the stirring and propogating steps are

carried out sequentially on the material.

17. A dispersing or milling method according to any one
of claims 13 to 16; wherein the ultrasonic waves have a frequency

of about 15 KHz to 30 KHz and an amplitude of about 5 pm to 50 pm.

18. A dispersing or milling method according to any
one cof claims 13 to 17; wherein the ultrasonic waves have a

frequency. of 15 KHz to 20 KHz and an amplitude of 20 pm to 50 pm.
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of clainms 13 to 16; wherein the ultrasonic waves have
a frequency of about 15 KHz to 30 KHz and an
anpl i tude of about 5 pmto 50 pm 18. A dispersing or
mlling method according to any one of clains 13 to
17; wherein the ultrasonic waves have a frequency of
15 KHz-to 20 KHzand an anplitude of 20 pmto '50 pm -
31 19. A dispersing or mlling nethod according to
any oneqqgf cl a; O e '
conprlselgeaég%hg?eégﬁﬁs %gvﬁ%@ %ﬁﬁ?égfﬁﬁgr?%&g gﬁﬁ
cbe pindiaihsO0lprho 26; vﬂnedlespetﬂ&l @ 1 0f ndTirdeldii 8 gcdigtrhed beads
according to any one of clains 13 to 19; wherein the
oZverhge hpEiey @ élé‘? 7@ Bfrange o%ildl W ol Y Wearti cl es
after conpletion of the stirring and propagating

steps is@t ML sJOQ AR 0B%illing method according to any

one of claims 13 to 19; wherein the average particle size of the
milled solid particles after completion of the stirring and

propagating steps is at mest 100 nm.

- 32 -



