DISPERSING OR MILLING APPARATUS, AND DISPERSING OR
MILLING METHOD USING SAME Field of the Invention The present
invention relates to an apparatus and method for dispersing and milling
solid particles contained in a liquid to obtain solid particles of nanometer
size blended with the liquid. Background Information Apparatuses for
finely milling solid particles in a material to be treated (mill base) by the
use of milling media (beads) and dispersing or milling the particles in a
liquid, have been k@R ERS Bk rORpNEFALBES ARPARNTIUS (wet-type
media-dispersity Z3FAraRG<NHtha Fi-ERS) HERE R X3S VA HeMBrder of
millimeter (mm) size as milling media, have been widely used. In
appadaivsestuserhiasrpractcal production, the material to be. treated,
which is typically a slurry of solid particles in a liquid, is stirred together
with beads, Q‘ﬁ% the solid particles_are millfdgk%llsthe shearing action of the

< ‘ .

beads and disperSed i the Tiquid 1o Obtain Bartcls Bl aRdst s and
sabmidraiosizei sfavever; vt beathmills usingdeads-obmee siztwbiSied in a
1di_ﬁ:icult to obtain extremely fine nano particFIeS with a particle size of at

Mt Hod Rariintéter Sahich RaTE &P demdirrapr Rk et Bpedrkerird with
£8asen is; that it is difficult to apply uniform shearing forces to nano

particles. Accordingly, bead mills using beads of a few tens gm have

been recently developed on a laboratory scale, to make it possible to

B TeoRtusRdREmation

- Apparatuses for finely milling solid particles in a
material to be treated (mill base) by the use of milling media
- {beads) and dispersing or milling the particles in a liquid, have

been known. As such apparatuses, bead mills {(wet-type
- media-dispersing apparatus, media wmill, etc.) using beads on the
order of millimeter (mm) size as milling media, have been widely
~used. In apparatuses used for practical production, the material
to be.treated,‘which,is Lypicalily a slurry of scolid particles in
a liquid, is stirred together with beads, and the solid particles
are milled by the shearing action of the beads and dispersed in
- the liguid 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 particle
- gize of at most 100 nanometer, which havé been demanded in recent
years. The reagon is that it is difficult to apply uniform
- shearing forces to nano particles. Accordingly, bead mills uging

beads of a few tens pm have been recently develcped on a

laboratory scale to make it possible to apply more uniform



1 shearing forces to nano particles, whereby it becomes possible to
conduct milling and dispersion to nearly obtain a primary particle size of
nanometer size in the laboratory, On the other hand, ultrasonic dispersing
apparatuses are known that are used for dispersion in a liquid/liquid
system for, e.g.., production of emulsion, or milling and dispersion of
solid particles in a solid/liquid system. By this method, it is possible to
impart a more uniform collision of the particles with one another, whereby

ahsemspeoreentrationrkangeraf paticlesiterisy ldhonaieryaeltipgsit iSle to
ggs%ible to conduct milling and dispersion to a level to nearly obtain a

prinialy pahitte 3% SBf (FRRRRERT Sz & PR aNr A Bish REHEATY

pRperatuses; £olliston of faciicles with one anthercan be promoted by

shock waves generated during.decay of cavitation, whereby it becomes,

- ‘possible to éhdidee iy ahdwtisparkionsIPuis 2806 851016 dpseritesises
[ -dj Si aratus applicable at production level,.combinjn

e N R Lo Sbotil loashig Srecen

iwadiatong Moparspecifically o medinasndhanda wessahayeasanneeietk-Mon of

a pipe, and a mixture of a liquid medium and solid pigments to be .
fotnis T Te R R GrlRed/ thérdifofyRterhe pressitésntREedselt is

. peseduged during ihe diSRRSINg. IIEARE Mo ANELARHINRSQRIC-GENEIAlNg, icn

mechanism is disposed at a part of, the vessel. , However, in the
PHrasdoaldgsneritimghmeshanione used insusinanapparatusgemethpdrticles

irradiation of the . e
Sor in arlagoratory”settlng, it is possible to conduct milling and

dispersiqn to a level to nearly obtain a priméry particle size of
nanometer gize.  In the ultrasonic dispersing apparatuses,
collision of particles with one another can be promoted by shock
waves generated during decay of cavitation, whereby it becomes.
possible to conduct willing and dispersion.

JP-A-2000-351916 degcribes a pigment~dispersing
- apparatus applicable at production level, cowmbining the
above-mentioned bead mill using beads of wmm size and ultrasonic
irradiation. More specifically, a media mill and a Véssel are
connected by a pipe, and a mixture of a liquid medium and solid
pigments to be unifoxmly'dispersed is circulated therethrough.
The pressure in the vessel is reduced during thé dispersing
treatment, and an ultrascnic-gensrating mechanism ie disposed at
a part of the vessel. . However, in the ultrasonic-generating
mechanism used in such an apparatus or method, irradiation of the

mixture with ultrasonic waves is conducted for the purpose of
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wave energy can be eXe

mixture: with ultrasonic waves is conducted for the purpose of 2

preventing sedimentation of a dispersion having the contents dispersed

with the media mill, and not for obtaining nano particles uniformly milled

and dispersed. As mentioned above, with a bead mill using very fine

beads of a few tens pm size, it becomes possible to conduct milling and

dispersion to nearly a primary particle size of nanometer size in a

laboratory.setting, but there is a problem in that it is difficult. to separate

RaAvpHriivieseddiveddsdba fefv teds ppesizecdisharsed it hdiquidsantd s
uch apparatus cannot be.used ractical production_level. Further,
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w mm™ Size, Tor examp eadso

- psed; thas heerviovnd thataltheugh seppeatiesnof beads is possible, it is

impossible to conduct milling and dispersion to nearly a primary particle
size of nanoftfetBEFBIALESH theOfer Hakh, & miedfodhas bedHEndwhdnE ine

Sl milipg,and dispersion tq.;the pimagy sizeleve) canhe made. by ,qnly
irradiation with ultrasonic waves. However, in such a method, the
wbhtlittonsfol suffipientygensratingthe coliisiomackparicids bithsdre of
another_are extremely narrow, and the range in which the propagated )
Srtes BT 2KTom R MaPBw, SHheRdlSy Bniya saRLen in
anaeuntofimateral can beckeatash-Accoriingypfom e aspest 9££8st of a
erformance, such a method is hardly used for practical production.
thED2 wietiddeorisiRaTs Rtadiation Migntditragorlcsuch  apparatus cannot

be used at practical production -level. Further, when beads of mm

size, for example, beads of 0.5 mm (500 pm}, are used, it has

- been found that although separation of beads is possible, it ie

impossible to conduct willing 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
nethod, 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 extremely
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 ultrasonic

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

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



waves and a bead mill. has been proposed as mentioned in the above
JP-A-2000-353916, but the irradiation with ultrasonic waves is 3
ccodductetl itna tanksofa fafge capacity atpractical productiont develpanduction

no milling media (palls or beads) are cqntained in the tank, and therefore .
L8 SR b bliSioh SFpatelch Wi o anGinEr by ABAIBH ORI S - °"°
- itrasanie wavesisinsufficient-to-obtain fingly milled salidpariclescin:itn one

order to mill solid particles and disperse them in a liquid by only the effect
appifradidtion with Gl adenic Waves hereSis e ot WWay-thar -fvaking~ et to

ofhe.tank exteemely smal, agd sueh anethad canngt beyaad (ot pragtical, i

prodluctlon due to low efficiency. Various methods have been attempted
pastmentianedabovesrhuts¢thereds stilha problemithatin thelappticationtforct of
‘the purpose of milling and dispersing nano particles, such methods have

1REEYeACchEH practital prodiidtionleVélT§ing bBEUS of 'Sz -Stmntary her

»2fthe,Invention Embediments ofthe present invention,seekto preyide aft used
apparatus and method for dispersing and milling a material containing a

figuic and 'sofie partichesit-dbmirtfirtely millsd patticies shAanometer

size. fbogiments, of he present ivention ek o proyids an. apparals oy
and method for 'oﬁspersmg and mﬁllng & materia containing a ﬁqwd and
t seli¢k pagticies 10 obtaindinely. miled particles ef-nanemetersizerand:.thaturpose

can be economically used on a commercial scale and that overcome the
ngﬁ%&%ﬁm%n@aqx hR&REsing nano particles, such methods nave not

reached practical production level using beads of mm size.

Summary of the Invention

Embodiments of the present invention seek to provide an
apparatus and method for dispersing and milling a material
containing a liguid and sclid particles to obtain finely milled
particles of nanometer size.

Embodiments of the present invention seek to provide an
apparatus and method for dispersing and milling a material
containing a licuid and solid particles to cbtain finely milled
particles of nanometer size and that can be economically used on
a commercial scale and that overcome the aforementioned problems

of known apparatuses and methods.



of known apparatuses and methods. ¢ Embodiments of the present
invention seek to provide an apparatus and method for dispersing and
milling-abwréitefial-scontainig a ligeidand selidparticlestdrobtdin fielylde an

gwggga@%ﬂclgédof mangmeter size; and which, utilize shﬂ%ﬁnw%ves@.\ material

generated by ultrasonic waves to accelerate movement of milling media
toirmprovedispersion andrmilling efficiency.diea first agpectrof theely milled
invention, there is provideda dispersing.or miling apparatus comprising; ...
vessel that Teceives mi ing media and a material to be freated
centaining! sefidpartictes in atiquid; meansdol stirring thermmateriabt milling
together with the mill(ijn% media in th%vegssﬁ_l to mig nd disperse the solid
Particlestn the'ligUids ard an Ultrasonic “generator f%actisre}ﬁ fates
ultrasamic wavesdn thesliquid torassist inmiting,cand dispersing the-solidead a
particles in the liquid. According to an embodiment of the present o
ivdtitioh, digﬁeréiﬁélolﬂ%ﬂ|%ﬁ§%€6&%tu§?%ﬁé?§&%’ﬁze% in'thata et
maieriak to be treatedreentaining adiquid and-solig-pasticlesebtendetbntaining
therewith is stirred together with milling media, and irradiated with o
GRrasbniteWaves duriry Sirngo fine§SHits the’Solid particiés ang  materiss
disperse-the,selid patticles in the liguigh -The witrasenic waves generatel  and
alternating low-pressure and high-pressure waves in the liquid, resulting
it fotaltioh atid \oledt coflapse of smafl vacttm buBblesFhig! trasonic

phepemenon is tegmed cavitation, and.the violent collapse of thesmall 2ssisc
vacuum
in milling, and dispersing the solid particles in the liguid.
According to an embodiment of the present invention, a
dispersing or milling apparatus 1s characterized 1in that a
material to be treated containing a liguid and solid particles
blended therewith is stirred together with miiling media, and
irradiated with ultrasonic waves during stirring to finely mill
the solid particles and disperse the solid particles in the
liguid. The ultrasonic waves generate alternating low-pressure and
high-pressure waves in the ligquid, resulting in the formation and
violent collapse of small wvacuum bubbles. This phenomenon is
termed cavitation, and the wviolent collapse of the small wvacuum
bubbles produce shock waves in the liquid. The particle size of the
milling media is preferably about 1% um to 1.0 mm, the freguency
of the ultrasonic waves for irradiation is about 15 KHz to 30 KHz,
and the amplitude of the ultrasonic waves for lrradiation is about
5 um to 50 um.

Embodiments of present invention also provide a dispersing

=

or milling method wherein solid particles ars dispersed or millied

by using the above dispersing or milling apparatus.



bubbles produce shock waves in the liquid. The particle size of the milling
media is preferably about 15 pm to 1.0 mm, the frequency of the “
ultragonie wasestor igrzeliatiorris about 15 KHZ 1930 KHgrandtherovided a

Lmpltuce of the ulpsonic waves ot inagiation.is about, 5.0m .80 P, .o
Embodiments of present invention also provide a dispersing. or

mi‘flmg’
rmaethockwherein selid particles@de dispersed=or mited- iy using thesabaveated
dispersing or milling apparatus. In a second aspect of the invention, there
CREBRVIdRE & ispergiig of Hhifling appardiid Confprisig & mixeR hadinga 2
ek that receives.milling media and a material 0.be treated containingany o
solid particles in a 'liquid, a stirrer that stirs and mixes the material
mtagethkeriwithi theemiling: medievinithe tank to Irpil amd disperset theisolidand  an
particles in the Iicgqid, and an %Itrqsoni(gi generator thatis disposedinthe . .
U tank Bhd that §eneratés ultr&Sonic waves i the liquid to assistin miling =~ =
ga@hgr ghspersing the selid particlesHindhe ligligiand a bead sillithaiis1ing and
connected to the mixer to receive therefrom milled solid particles -
dHREETEEEdn fi§tid St thabiirther fifllsiandt dfsperses the $Olid partiged mi-l
winLthe liquid, In accordance. with.another, embodiment of fhe PIESENt 1 g solid
invention, a material to be treated. (mill base) containing a liquid and solid
ppatticiés blendeghsthesewithris supplied toanvessekof a beadmill, thells and
material is stirred together with millin}g media in the vessel so that the
S

I55iiE haticled are  finely filtéd Bid dispersed iiithe liquid, and an

ultrasenic yccordance  with another embodiment of the present
inventicn, a material to be treated (mill base) contalning a
liguid and solid particles blended therewith is supplied to a
vessel of a bead mill, the material 1s stirred together with
milling media in the vessel so that the solid particles are
finely milled and dispersed in the liguid, and an ultrasonic
generator 1s disposed on the vessel to irradiate with ultrascnic
waves the material to be treated and the milling media during
stirring. Embodiments of the present invention also provide a
dispersing or milling method wherein sclid particles 1n the
liguid are dispersed or milled by using the above apparatus.
in a third aspect of the invention, there is provided a
dispersing or milling method, comprising the steps of:
stirring milling media together with a material to be
treated containing solid perticles in a liguid to mill and
disperse the solld particles in the ligquid; and propagating
ultrascnic waves in the liguid te assist in miliing the
solid particles and dispersing the solid particles in the
liguid.
According to a fuﬁther embodiment of the present invention,

a material to be treated containing & liguid and solid particles



generator is disposed on the vessel to irradiate with ultrasonic waves the
material to be treated and the milling media during stirring. Embodiments
blefthecpresentinventiorsalso provide wodispersing orimiltingmethodedia, and

. Wherein solid particles in the liquid are dispersed or milled by using th 1
3BV Appatathe. IR & A Bepedt oF thedlRvaRtion:, there IS provider Ay 11
trdispessing op milling metheds campyising:the steps ef:; stirdagmiling in the
‘media together with a material to be treated containing solid particles in a
Lifgiiid to il &hd dfsperséithe soiie pafiicies infthsdiquitieand propegatmg are
sprasgnicivayes in fg&laua%g agsist o millipg the, salid particles.and oo 1e1,
Ispersing the solid particles in the liquid. According to a further
byemhbhedimertrefntheopreset inventied;. za materialdodestieatedicantaihing bead
a liquid and solid particles F blended therewith is stirred togﬂether with
il tEARS NG fradfatsd Wit titradonic Waves diriy S T fihef? &2
a18ik the solid particles and dispetse the;selid particles in the-diquid which, one
is unlike the case where shearing forces are applied to solid particles in
anpehfatéiaroedse treatéd $olelySBy the thbpemeht df Fhillig media as
condgted by use of abead mil using beads of mm size and unlikg the ..
case where milling and éﬁspersmn are conducted by collfsion of solid
gepartictesiwitly one ranather as made ir-amatteasonic dispersing apparatuswaves
In embodiments of the present invention, the shock waves , .
cause the aggregated nanc particles to wvigorously collide with
one another and alsg causes the nano particles to wvigorously

collice against

ba



generated by irradiation of the material with ultrasonic waves cause the
aggregated nano particles to vigorously collide with one another and also
causes the nano particles to vigorously collide against 6a the milling
media. This is particularly effective when the concentration of particles is
low. At the same time, the milling media also receive the shock waves,
which accelerates movement of the milling media. Since the milling media
are vigorously stirred in the vessel, the milling media are thoroughly and

ehergaticallymeved-and sirongisheanng docesigre-gereraiod bhen the
collision of the milling media with one another. The shearing forces

GEREFRYEEPhy ColIRfo BF BHiE MRintEmEtia, cdifisiReofsame naheeartitesilling
withigng another and cqlision,of the nana. paficlas agains %H;%gg“mgvﬁmfnt of

media act in corporation with one another’to extremely finely mill the so
phm@leélsmasmedalatam gesredtrenoatticlesmdfitamilirg andorously
dl:spers ﬁp aratus can be Esed effectively at practical oductlon

Tevels® t’ﬁer SncE TRE Aver s8N &TS FArERES
ohtainedisat ROSiRRQULLQD BALILIS egs_a@ﬁuéomé@teaﬁ@ QEUiQQated by

media therefrom by making the particle size of the milling media at least

B sienied ntilifgHh AT dreEé B OEEISr 08¢ aieREBFousIFiRosEE B Ng
shogkvaues e{@aag%ﬁ Dyrtheylirasopic waves, X e King fhe paricle . . o¢

size of the m Ing m at most 1.0 mm. When the rasonlc ‘generator
tibedisposegansitelthe vesdel afthebaddmihtecparticlei sizecd the nano
. particles against the milling media act in corporation with one
another to extremely finely mill the solid particles so as to
obtain desired nanc particles. The milling and dispersing
apparatus can be used effectively at practical production levels.
Further, since the average particle size 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 um, ‘and the milling media
can be accelerated and vigorously moved by shock waves generated
by the ultrasonic waves by making the particle sige of the
milling media at most 1.0 wmm. When the ultrasonic generator ig
Gigposed inside the vesgel of the bead mill, the particle'size of
the milling wedia is preferably within a range of 0.5 mm to 1.0
mm by which classification of naneo 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



the milling media is preferably within a range of 0.5 mm 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 7 disposed in a tank functioning as both
a supply tank and a recovery tank in the bead mill, there is no problem in
practical production so far as the particle size of the milling media is any
Sizpwdttin Brangsokl SypmitddnOmgna - birthdr, avieptie freqnieneydfa
ultrasonic waves js 15 KHz to 30 KHz and the amplitude is 5 pm to 50 m,

T&Ge" Eitatidh ddh BRI GeerdBarthe’ ShBtk WeRRAProdudder ot foal

piRen.deeay aidhe saviiationdecorne stong, 20a0grRIACINAN media is
particles and milling media can be vigorously and thoroughly moved, so

Mt PeGRdidt M crertaisise ot Andtmiliing. Nor& - preferably, the
frequency of; Qnic is,.15 KHz to 20 KHz and the amplitude is 20
mto 80 e BebH L Sfine Ddatat e TAREARE g &8 s
Kibead Bl aHsystedh Ahdlustrsating:de exangplerofibesuregent nerdion,
wherein Fig. 1(A). is a longitudinal cross-sectional view and Fig.1(B) is a

WBLERAMRD AT VIRT ST NSV ey (RS, BRPSisigves produced
pesSRaalioNsE vigw of ahead 1ol %@M%J@%%h%w%ang%b%ga@@@e'%m
of the present invention. Fig. 3 is a cross-sectional view of a bead mill of
particles and wmilling media can be vigorously and thoroughly
moved, so as to conduct sufficient dispersion and milling. More

preferably, the frequency of ultragonic wave ig 15 KHz +o 20 Kiz

and the amplitude is 20 pm to S0 pum.
Brief Description of the Drawings

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

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

Flg. 3 is a cross-sectional view of a bead mill of
system C showing another example of the present invention.

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

gystem D showing a further example of the present invention,



system C showing another example of the present invention. Fig. 4 is a
cross-sectional view of an apparatus of system D showing a further

example of the present invention. 8 Fig. 5 is 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 mill. Fig. 7 is an explanatory view on an exaggerated
scale illustr&@ting the Betion axpanoysanticlesiby the beaderilbobteed scale
prssent vention, Detaled Description of the invention The present, .,
IVERtion may be Sppied o vanols Kinds ot 5ead nils fa Wetiype-°n
medissmeisparsing appasatiuspadmegia mill, a bead-dispersing apparatus,
etc.). Hereinbelow, systems A to D will be explained as specific illustrative
examples. Hg8 1@ )& R(ETRLRHATE BN &P of ByetEAIer 2 Bdagcale

mill lshaga ¥gssgk2 inwhich js rofafably. disposed 8,50tor 4y Jhe EIQL £ peaa

is connected to a driving shaft 3 which is rotationally driven by any
wuitdble drive source (not shown) to rotationally drive the rotor 4. The

vessel 2 ha%,a milli'ngsmedia sugg}/ %ort 5 for introducing miIIin% media, 1
such as beadlsc,J balls anarfhg‘.'fﬁ’ie, iifto the vessel anda materrar st y"”w’c‘31 ©

Jortedes tintp diiging ecate il 1he tieated Sueh BG Rl base &id1l of the

present invention.
Detailed Description of the Invention

- The pregent invention may be applied‘to varioug kinds
of bead mills (a wet-type medium-dispersing apparatus, a media
mill, a bead-dispersing apparatus, etc.}. Hereinbelow, gystems 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 I has a vessel 2 in which is rotatably disposed a
. rotor 4.. The rotor 4 is connected to a driving shaft 3 which is
rotationally driven by any suitable drive gource (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
intreducing a material to be treated, such as a mill base or a
slurry in the form of a mixture of solid particles and liguid,

into the vessel 2.



slurry in the form of a mixture of solid particles and liquid, into the vessel
2. -9 The rotor 4 has a hollow, tubular shape with substantially smooth
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
moving the milling media and the material to be treated as the rotor 4
rotates. By way of example, the projection may be in the form of a guide
member as illustrated in JP-B-4-70050 to assist in advancing the material

to be treateditheough dhve 4/assel sorbal the maietah flowseawith
substantially plug-flow style. The rotor 4 is provided with one or more

FOLBF bpRitig poridt? AHAprBEhat dotHisns BiERaBRSthe HillfgSieesy the
theikeulate fiomdhee putiide 4o dhe dpside. apdidce versa, okt W wich a

rotor 4. A stator 8 is positioned inside the rotor 4 at the base of the vessel
RYYhecsibesr @is appErRrai; tulsdlapshapeagri 46 providedinih Ehstatod 1 ing
iake ROl O R,REL Pl ADOVE, JNESIIOL MRKC RIS Bcaes.  my
media-separating device, such as'a screen ,afor separating the mlﬁlng
wediafrexsthelmatetial heiretreatad mpermiding: theailegmmaterial daide

ass therethrough into the stator 8 but preventing passage of the milling
TREhET it HECHRRGE ot 18 18 FrovRRa e Fver ehd GidrRcing the

#REF Sand communicates with thestator intake. Port1Q far disgharaing, - .1
treated material from the bead mill 1. The vessel 2, the rotor 4 and stator 8
Brevdnfigutedubstantially plug-fiow style. The rotor 4 is
provided with one or more rotor opening ports 7 at appropriate
locations to enable the milling media to circulate from the
outside to the inside, and vice versa, of the tubular rotor 4.

A stator 8 is positioned inside the rotor 4 ai the base
of the wvessel 1. The stator 8 is 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 ag 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 stator intake
port 10 for discharging treated material from 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 gurface of the vessel 2 and the outer surface of the rotor

4, through the one or more rotor opening porte 7, and between the

- 10 -
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and dimensioned to form a flow path that extends 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 - 10 inner surface of

the rotor 4 and the outer surface of the stator 8. In operation, a

predetermined amount of milling media is introduced into the vessel 2

through the milling media supply port 5 and a material to be treated is
introduced into the vessel 2 through the material supply port 6. The rotor
dinctotatiopaly dstvernanddhe matesiad is Hhwrowgdly stiredand mixes stator
with the milling media while the material gradually advances along the

Row pRIPRENR dRRtor %tﬁE@%’f’o‘??f@‘a‘?ﬁﬁg ABAYRFoGgh e tHtaBoretife 18

siater 8 for discharag, i rqgggewezstaﬁ%ggﬁ hagge port 1hgv hilesthe supply

milling media is circulated around the flow path and is prevented by the

Peattias sepdrating tevied 9tfromeertesngetheistaiortintekeportitd.cAshe vessel
hown in Figs. 1(A) and,1(B), the vessel 2 has an_outwardly extending

%8%%58?@%%?%&“%%&? cHRBE L BR&H Shambst SrPiSeket thst opens

o ¢he flovk path dthedrotHdinghoarier 42 gonstituiesauwall Pogian st theng
vessel 2. An ultrasonic generating device 13, such as a horn-type

iergSomitt Y ehieratth! isin urted 2o whé Ve sEBR2wHE Bkchdirintidy

é&ﬁf?&. g fi f&%y [he PEotryding porfio 13% Lheprotrging portion 12,is

pre era 'ﬁ/i%cat d at a part of tﬁg vessgf that %s%arcily r|g|i'%lue %gc:i b%? and
thencitboriabgly milingmedibolf desited an approprigde baftemsaybethrough
placed between the outer surface of the

the stator discharge porxrt 11 while the milling media is
circulated around the flow path and is prevented by the media-

separating device 2 from entering the stator intake port 10.

As shown in Pigs. 1{a) and 1{B), the vessel 2 has an

_ outwardly extending protruding portion 12 that defines an open

chamber or pocket that opens toc the flow path. The protruding
portion 12 constitutes a wall portion of the vessel 2. An
ultrasonic generating device 13, such as & horn-type ultrasonic
generator, is mounted to the wvessel 2 and extends into thes space
defined by the protruding portion 12. The protruding portion 12
is preferably located at a part of the vessel 2 that is hardly
influenced by the circulating milling media. If desired, an

appropriate baffle may be placed between the outer surface of the

. Trotor 4 and the ultrasonic generator 3 to further diminish the

influence cof the milling media. In the example illustrated, the
vessel 2 is provided with one protruding portion 12 and one

ultrasonic generator 13; however, the invention is not limited to
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rotor 4 and the ultrasonic generator 3 to further diminish the influence of
the milling media. In the example illustrated, the vessel 2 is provided with
one protruding portion 12 and one ultrasonic generator 13; however, the
invention is not limited to 11 this arrangement and the vessel 2 may be
provided with a plurality of protruding portions and ultrasonic generators
at different locations around the vessel. During operation of the bead mill
1, and as described in more detail hereinbelow, a material to be treated,
Whieh dr tmigrexaniplenst atdlarnyesfesdlicd: pattic] ¢z ipadiglbigcand the a
nlillinglmediaﬁre introduced into the vessel 2 and flow into the concave

Portion 127 WheRTRETHAY rReRa aRe rideridt SRR Snatfa@anfrRtors at

slirgsenricivaves gesssatesbiydne plirgsenic 1 generator 13 while the rotor
4 is rotating at high speed, the solid nano particles vigorously collide with

one another®3Hd-iEg GRRshF Eoftidelwitheheeniling Media. Andhesadsscribed
fimedthe sailing media glsa regeive the shockjwaye ’EWD:!%‘a%%%e'e&?IFEc in
movement of the milling media. Since the mllﬁng media are vigorously
sile ceirathel vedsel xthel mittingohedid ace pthordughly and engtgeficallyand the
rangiﬁ ed and strong shearing forces are generated by collision of the

I

&R it BRe RGMEr “F e SHeriProress Glrerati by WlisisR the
@fthevaillng-media; collisign.ofihe Rana Qﬁ_ﬁti%amtmaaemt}%@%%

collision of the nano particles against the milling media act in corporation
RS sAothi o WkirerRelifinalgunil trersolrlpdrtieiese ultrasonic

generator 13 while the rotor 4 isg rotating at high speed, the
solid nano particles vigorously collide with one ancother and
vigorously collide with the milling wedia. At the same time, the
milling media also receive the shock waves, which accelerates
movement of 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 arse .

generated by collision of the milling wmedia with one another.

The shearing forces generated by collision of the milling media,
collisgion of the nano particles with one another and collision of
the nano particles against the milling media act in corporation
with one another to extremely finely mill the solid particles go
as to obtain desired nano particles. For example, if the milling
media consist of beads, the bheads would préferably be within a
range of 15 um to 1.0 mm, preferably 0.5 mm to 1.0 mm. By
adjuéting the bead size within this range, it is possible to

assuredly separate the nano particles from the beads by use of a
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as to obtain desired nano particles. For example, if the milling media
consist of beads, the beads would preferably be within a range of 15 pm
to 1.0 mm, preferably 0.5 mm to 1.0 mm. By adjusting the bead size
within this range, it is possible to assuredly separate the nano particles
from the beads by use of a - 12 media-separating device, such as the
screen 9, a filter, a gap- type separator, etc. Fig. 2 shows an example of
system B, which comprises a bead mill 14 having a vessel 15, which is

htizondalhy disposedieands relort 7a®tatab |y gispased, indtheivesse) 15 gap-
and rotationally driven by a driving shaft 16 which is driven by a
teBfvetftiofat Bffe SSiftce (not shown). A guide member 17ais provided

around an ogiter peripheral sutface partion.ef thekatar L7 for:pEoneling i ses a

the flow of slurry in a substantially plug-form style as described, for
teyeaimple], In DP-BaA20050 VEse vesisl, 1 vhhah alsuisly pormtg oy disposed,

introduci miIJti g medja, such.as beads,.intathe vessel and_for
%ﬁ%oﬁugf;%’ﬁ]a griﬁﬂtoaégbsrlr%a?éﬁps?usc %aél% ﬁg?ryvgfs ssc'ﬁ% ggrtﬁ:rfgs ina

Aistid it 1the vesselnAupediaseparating devices1 i dre fermaei-a=gapy =
type separator is disposed at the downstream end of the flow path for

Preventihgthe PEREAS oM ExRing e FES¥E whilé pBrtitEngeiRetealéd 1o

- grataaldo flaw hetathioual and axit e bead il thigugh:a disGharge rocor
port 20. In the bead mill 14 of system B, the material being treated flows
frorfothecforwatrd ren e bidefdtthenfe ssekdfytoithea substantially plug-form
style ag described, for example, in JP-B-4-70050. The vessel 15
has a supply port 18 for introducing milling media, such as
beads, into-the wvessgel :and for introducing material to be
treated, such ag a slurry of solid particles in a liguid, into
the vessel. A media-separating device 19 in the form of a gap-
type geparator 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 flowg from the rearward end side of the vessel 2 to
the rotor 4. Alsco, the bead mill 1 of system A is of the
vertical type in which the material being treated advances

vertically while being dispersed and milled whereas the bead mill
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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 the

material being treated advances vertically while being dispersed and

milled whereas the bead mill - 13 14 of system B is of the horizontal type

and the material being treated advances horizontally while being

dispersed and milled. At a part of the vessel 14 that faces the forward end
oftiel retor dem Erebessiortdpehohtanben 21 igprovigédihdheavesselil eing

IPS recess Qr open (‘.Z%glmber 1 apens ta the flow path. A loading-type .

u traastoen(‘ilac%%\aerg?os} 5" %Iﬁ%o%edyw‘f%%ffr)llﬁweb%b ?ﬁf?@ﬁ?ﬁ%i g Led-
beads and the skurpawithafltrasenie syaves 4Durag usa-ekthesbeadMilk-a ena
14, and as described hereinbelow, after a predetermined quantity of

BEatSarkCftfoddced M TREN TR (RBANRRY iR tticd uteeliFdgdhén the

vesseh 14 shrough.the supply ot 18, the Sl 17 is 58&%{50'1%'%%%'1% path.

and the ultrasonic generator 22 is activated to generate ultrasonic waves.
Aslgrdiotor ipotatbsratsrghc speedrabersianyis sfiirgpbard within the

rogressjvely advances through_ the vessel 15 while the solid particles are )
B B Ry T e BB R LB Wabbo o Crasonic

wause . 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 creatBtByrthe5€ads dibmdPrrfh 8pddd tétatipnd. as described

hereinbelow, after a predetermined quantity of beads are
introduced into the wvessel 15, the slurry is introduced into the
vessel 14 through the supply port 18, the rotor 17 is
rotationally driven and the ultrascnic generator 22 is activated
Lo generate ultrasonic waves. As the rotor 17 rotates at high
speed, the slurry is stirred and progressively advances through
the vessel 15 while the solid particles are dispersed and milled
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 wm, and preferably 0.5 mm to 1.0
mwm. By adjusting the bead size within this 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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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 pm to
1.0 mm, and preferably 0.5 mm to 1.0 mm. By adjusting the bead size
within this range, it is possible to assuredly separate the milled and
dispersed nano particles from the beads by the media-separating device
19. - 14 Fig. 3 shows an example of system C which comprises a bead
mill 23. The bead mill 23 has some parts that are the same as those of

the bead milk1lghownsitfig .ol Adxanrg i ecTang e & AhRaHS MRprises a
denoted i?i/ the same reference numbers and explanation thereof is

BRfifteB irf 7 beallifiilP23°nB4 protfdd PR Gitidn R Eeeofimbdatientdfe same
a0 uiyasonic:hopis, pravider in,thg yessel, Insiead, 3 OMa¥Re pe cope o

ultrasonic generator 24 is disposed in a space 25 insidé the stator a
wiwerea thetreate d reatdsiad flosv oaftehpassing thedegh:the medisers and

eparating screen 9 and before reaching the dischar%e port 11. In

CORIANGH LM ST bb SR Shich 48 aLBR R e sBid betdeleddn a
Hauid-ig ingoduced Mside the-vesselik and-befere passingiuoughdben is

screen 9, the particles are dispersed and milled by the shearing forces of
me iRy trehiedl BppRsH speddsotaton of i Totor e Afldmpeanilied

e T RS T T AR 5 SRS Mg S e e
whaves-eausignagerdud callisian ef tran@paricles wittbaga artetheeadtin
the space 25. In this
separating screen 9 and before reaching the discharge port 11,
In operation, a material to be treated, such as a
gslurry of solid particles in a liguid, is introduced inside the
vessel 1 and before passing through the screen 9, the particles
are disperged and milled by the shearing forces of the beads
created by high speed rotation of the rotor 4. After the milled
particles pass through the scoreen 9 and before reaching the
discharge port 11, the ultrasonic horn 24 irradiates the
particles with ultrasonic waves causing vigoroug collision of
nano particles with one another within the space 25. In this
mannef, both actiong (shearing and ultrasonic wave irradiation)
are applied at subétantially the same time, whereby aggregated
nano particles are milled and dispersed to nearly primary
particle size. The size of the beads is within a range of 15 um

to 1.0 mm, preferably 0.5 mm to 1.0 mm. By adjusting the bead

gize relative to this range, it is possible to conduct separation
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manner, both actions (shearing and ultrasonic wave irradiation) are
applied at substantially the same time, whereby aggregated nano
particles are milled and dispersed to nearly primary patrticle size. The size
of the beads is within a range of 15 m 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 - 15 of nano particles and beads by use of a
media-separating device, such as the screen 9, a gap-type separator, a

Giten:els. Figr4 shewsan appatatus/ilustang-amesamnie ol rsysiem Bvice,
which comprises a bead mill 28 and a mixer 35. The bead mill 28 is
Ferirafy SHRilSFEP e Bead HAPT BIRGSESRI & ReptFof pidiSiorssFthe

ultrasonic g%ql_gratqr andhe Vﬁsgbgarg@%gamqﬁ%@seqwugﬁe@angg)s of

been used in Fig. 4 to denote the same or similar parts used in Fig. 1
anetandlailetiidbsodption teresf Izetitted Likthebdad mil28; the. The

vessel 2 is not provided with one or.more protrudi rtions, for hqusin

B Bl eSS RO A P B ol 1 PR B cbrrarEem &
hevset wihin e Rixeh38: THRINXE! 3568 WIisa%a fa0) 284Vhieh, #sgel 2.
this example, is a closed tank, for receiving a material to be treated, such

Hhen R30Iy O SO Ar teleeeied fighrl e SHiIlNE fhédaF ddch Astisedgsote
oHle (2R 23hNas AN 1 RoKeBeanaecieddo e el 80k 11 e
dispersed nano particles and liquid discharged from the discharge port 11
dthedpedcdmitRe;cafid sflowicutggort 27cartme ttesdonsupphsthecikiriessel
goggenot provided with one or more protruding portions for
‘housing one or more ultrasonic generators and instead, the
ultrasonic generator is housed within the mixer 35.

The mixer 35 cowprises a tank 29 which, in this
example, is a closed tank, for receiving a material to be
treated, such as a slurry of golid particles in a ligquid, and
milling media, such as beads. The tank 29 has a flow-in port 26
connacted to receive milled and dispersed nano particles and
liguid discharged from the discharge porxt 11 of the bead mill 28,
and a flow-out port 27 connected to supply the slurry tc the
supply port 6 of the bead mill 28, An ultrasonic generator 30 is
dieposed within the tank 29 for generating and propagating
ultrasonic waves within the tank. One or more sets of stirring
vanes 3la and 31b ave provided in the tank 29 and are rotated by
drive mctors for stirring and mixing the slurry and beads. A

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

out port 27 for separating the nano particles and beads so that
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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 31a 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 is provided at the inlet of
the flow- out port 27 for separating the nano particles and beads so that -
16 only the nano particles are discharged into the flow-out port 27 for
dtkydatgonamio thersupplypart-6 cfthelbeatmill 260 ThHee flow-out port 27
]Ig_nedia-seggratin,g device 32 may be a screen, filter, gabggeparator or the
| e

& VGRS HEE &2 SRR BESdSTPRIIRRTang et .- a0 Plrhng8a  The
HEREeN s slesiablg; apd-whenthansizef thegbeads is within A range. Qfaparator

15 Mm to 0.5 mm, a filter is desirable. The size of the beads is selected in

P8It i afiprtRietbrthelde @bridaaveadferiatatdd binhe range of
slgazgnic, generator 30. thas begn found thay when the amplitude of the
iraSonic wa Pie BEads within the slury

. | ze of the
ultrasonic waves is large, movement o eads e slurryis
Ipos$iblésewen ifithedbeadsyarefelatively lasge anduthetefpie eellisien of
C{he nanaq particles with one another and collision of the nano particles
With TR& beads can be effectively achieved when the bead size is within

the range ofrka g 1@ 1.3 M. Wheleby:Willing apdAiSparsien Skl co the

conducted to nearly primary particle size. On the other hand, when the
snphitudte op inkhditrasbiionnles e samigene propdgation ot thd t rasonic

é@HQ?QQg% 30. It has been found thal when the amplitude of the
ultrasonic waves is large, movement of the beads within the
slurry is possible even if the beads are relatively large, and
therefore collision of the nano particles with one another and
collision of the nano particles with the beads can be effectively
achieved when the bead size is within the range of 15 um to
1.0 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 gquantity
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.
Ag the milling media in the case where the ultrasonic

generator is digposed in the veggel, preferably employed are fine
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waves does not create sufficient bead movement and it is therefore
necessary to use smaller beads. The optimum quantity 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 milling media in the case where the
ultrasonic generator is disposed in the vessel, preferably employed are
frads7 ofeadshfasire sizethdtthisywsan be moved Wythidhshetlowavesves

generated Py, Jesay.of covialion casgd OXSAIGSONC WaYes,beye vaves
eads havinga relat ely small particle size as co ared with the ones !
iised fobeadwehtionabgenetdlsuipese reedid disparsinpeappaatus, aRthiared

IS, greferred to have a size at such a level that can be separated by a

a B AR PFEACEVUFPRER SR, MR eHab-SRpRARs A5d ke
akgzﬁépm@a&lﬁpéﬁfe@ogggéhg£e§glt§p£§ép§é@%®8h£>@%wgb& at such

method of using a filter and a method by way of centrifugal separation, in
drdetol séparatearams pagticies thdvipyg an wedizge spaticio gize dkutce such
arlnosét 100 om, tz&?%reticle sizgé)é rgi"‘ia medIilec)i i%]l;%q i{?{% to be at least
a%outﬁ%rm, And it is diffictitPio conhduc Srep%ration with a particle size

less than thipsizes Mereiprefenedra mmmanneiaf USiRg BeSCI8ENdNperiments,
which classification can be assuredly made, and the particle size of the

DEAY 8 TioPe PRERFEADREMEHRE 055 Rkt Fartit, VHBFERRE partiawsisd
ééﬁ@%i%ﬁg%ieégﬁ%?ééégﬁvﬂiﬁ*8¥H%Pe§o separate nano particles

having an average particle size of at most 100 nm, the particle
size of milling media is required to be at least about 15 um, and
it is difficult to conduct separation with a particle size less
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
is impossible to make aggregated nano particles effectively
collide againsgt the milling media.

In order to move larger milling wedia, it is required
to generate larger cavitation and conduct decay thereof.
Further, when the concentration of particles ig high, it is

desirable to use the milling media in a relatively small amount,
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difficult to conduct sufficient movement of the milling media by shock
waves generated by ultrasonic waves, and as the result, it is impossible
to make aggregated nano patrticles 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, 18 and when the concentration of particles is

764, WISTHESHATE RPTSE Hrd PRIy REGATH BSretivealy larke dmalpfiagble
dheJpatenal of the;milling media, an qpimUM, Mptariglis selecied

depending on the application of the dispersing or milliig apparatus
according t:the-preseriteimehtion, foeexamplecgemgidberingrplasticsyum

[%It%ss,,c%ramlcs, Js_teel, %tc mzi%ége used. A zirconia-pbased material is

SERETEd ot tRe SSPIRASAPSTSERSOTE 15 28 ARG B7 1heRk Sde RS a

EOiyRRMEWhAg NJIaRA Particles e trated-Ry. e idispersing.or prilling:

apparatus according to the present invention, an organic solvent such as

J\Féfﬁiﬂéiﬁibesfé'ffal%ﬁﬁ%%e@yé@ﬁéﬁﬁﬁé?ﬁ%tﬁ}ﬁéﬁ?&ﬂ»‘ﬁet(ﬁi’é}ﬁﬁgtrﬁﬁmmCSt
SAcglate Jojuene, hexang, §ic. 'Ra%Pt%:Bﬁ d. When,the plitasoic preferred

generator is disposed in the vessel, the ultrasonic-generating device Is
frequites tpbavesubdn asfrequeendpaadtampbtacdesthat can caustcage.
energetic callision of_ the nano particles with one another by shockwaves
;Noduuﬂjbﬁs a solvent when nano particles are treated by the
dispersing or milling apparatus according to the present
invention, an organic solvent such as various types of alcohols,
cyclohexane, wethyl ethyl ketone, methyl acetate, toluene,
hexane, etc. may be used.

When the ultrasonic generator is disposed in the
vessel, the ultrasonic-generating device is reguired to have such
a freqguency and amplitude that can cause energetic collision of
the nano particles with one another by shockwaves produced by
cavitation generated by irradiation with ultrasonic waves and, at
the same time, can vigorously wove 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 5 gm to 50 pm, it is possible to generate large cavitation,
make .the ghock waves at the time of decay strong, and apply
sufficient movement to the aggregated nano particles and milling

media. More preferably, the fregquency of the ultrasonic waves is

15 KHz to 20 KHz, and the amplitude thereof is 20 um to 50 um.
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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 5 m to 50 m, it is possible to
generate large cavitation, makethe 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

is 15 KHz ta'Ré Kiizrapedbesamplitkda theigeotissd0amiasQ Ab-wAd pkhey
differences between the case of the above bead mills in combination with

ThttdSorit WATR RA PR ¥ASEs WHerasarifergieanailiitparases where
dhy:uzing 4 simpleuitrasonic:dispersipg,deyise orgapvgntional

bead mills, will be briefly explained below. In the caseS where only an
itrasenicidispéersingededcd 4y Usedoasshovanin. Fig 15 dhed collision will be

caused by shock waves is only the collision among aggregated nano
bpralrﬁcgrpe}é %é?pl%ath%e%ag’éeéﬁv"h‘eret%%|§?éeb8§3‘er%iﬂg%6§e8fl ¢ sABwn in Fig.
18, Ry shearmgsiasees genasatac betweeaanilirg sredia 34 isusedsandy e
such a method does not positively collide nano particles 33 against the
SRtAg MREdis 3AeB\PFOSRRSE Y INE Sad8 STl aHmirddihgidiasbaRy

Mayes i campinatian,as shown in Fig. 7. since shock waves o f@t%d BYaa

ultrasonic waves are applied to the milling media 34, aggregated hano
hadicies 88¢déceve shearingfoites, afid colligihamungtifenaas generated

bp%rticles and.collisions petween the
etween milling media 34 1s used, and such a methed does not

- positively collide nano particles 33 against the milling media
34. By contrasgt, in the case of a bead mill using ultrasonic
waves in combination, ag shown in Fig. 7, since shock waves
created by ultrasonic waves are applied to the milling media 34,'
aggregated nano particles 33 receive shearing forces, and
collision among the nano particles and collisions between the
nano 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
present 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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nano 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 present 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

yatentfpandla 28sboir-type eltssoniegentraterswds thepared itsige cket .
maergocket. .More %pecificall , @ protruding portion 12 was formed on an

INReT WAl afa Vabser 2 2aRE A Ut Rehot 3l4s Wpe formed on an imner

whnasanic-genaratingdeice was dispaseshindhesprotruging pertion 12.
The ultrasonic waves had an amplitude of 50 pm and a frequency of 20
REZ e bexermar vatish clevdd at v eidiareredtidisjdwl bratmisland

Asluyzsupplying rate-qf 10 miL/s for reatment. An ﬁ%%&%ﬁ@%sso um and a

obtained by adding 10 vol- of P25 powder, I.e., nanoparticula

xtppomAerosil 200KHAd., Tl Gdapan) Mithvasprimearns padicle size of 35
nm magde of titanjum oxide nano particles and, as a polymer dispersing

GHERBEN AR a SRS AnTniGnT 481t ith & bW AS WaiGKE 69 85506 of
adlded/p 3oArpeURLALRS. MAUMZBeEsYHace areg BLPAMIRIeS ¥aSading 10

pre-treated for 30 minutes by using rotating vanes at 500 rpm. Using 3
Yitdr$ SthR2 8lrAydnd thé ebovenanoparticulate P25 (Nippon Aerosil

Co., Ltd., Tokyo, Japan} with a primary particle size of 35 nm
made of titanium oxide nano particles and, as a polymer
dispersing agent, polyacrylic acid ammonium salt with a molecular
welght of 8,000 added in an amount of 0.5 mg / m? prer surface area
of particles, was pre-treated for 30 minutes by using rotating
vanes at 500 rpm. Using 3 liters 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 vesgel to a xotor 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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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

exppoiseentof disppssieniwansonshicied {athe588E HBARPEERS IRorward end
Example 1 using a loading-type ultrasonic generator 21 disposed in a
LhalhofRigtFon F&eicpsosie s tHesskad seret thevotidePdrtirirs are

Sizesmeasurgd-every hour for 5 hours are indicated in Table 1. Example
3 An apparatus of system C as shown in Fig. 3 was used. Specifically, a
horn-type ulfasvniczgénerator was disposed in a space inside the stator

where the séygryaac%%rg Iastes fger Pgssi thro% h a screen ang before 3
reaching a diScharge port: Stherthan this featdre, the Same@xperifigntsec -

DialisPersionys v Exampleck was eapdHeiedaRastialecsizRs sMeassadd in a
hourly for 5 hours, are indicated in Table 1. Example 4 An apparatus of

%@ﬁﬁ%@h&% RTEIE0T WASHR A SHREHTEAIP CE BRAPHAF UaHfET
Asonig-hased bgads of 0.8 MLy pefore reaching a discharge port.

Other than this feature, the same experiment of dispersion as in
Example 1 was conducted. Particle gizes, weasured hourly for §
hours, aze 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
was used, and a mixer which functioned as a slurxry 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 um 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 um. The bead mill was operated at a
circumferential speed of 4 m/s and a slurry-supplying rate of
10 mL/s for treatment. An agueous 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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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 pm 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 pm. The bead mill was operated at a

videmberentialshes baf 4 misand pretirarsuppbiNg sae0fH] fids for
treatment. An aqueous slurry obtained by adding 10 vol% of P25 powder,

P SRRIRPSHRERRE PRS INFSTON AGr8siH CBMAE: okt Dapkiy wittral eculax
pamary particle size,ah3a MR »324Made of fiapium oxide nano Q%ﬁ%% area

and, as a polymer dispersing agent, polyacrylic acid ammaonium s
afmpiadulal aneightof8600asdediinfan @nomitiof 85 My/m2iper rotating

surface area, of particles, was pre-treated for 30 minutes by using rotating
Vanes a%S(% ?pnl%.) %singssl i rg’ c?ﬂﬁ%rfiu?rg MG ThERRETE APPaiitfsabove

experiaenrt, obsispeisionivas cansbeied Mp 192 hamiguMsiid @& to 5 hours.

ranulometric meter of an ultrasonic wave attenuation system, the size of
figled iAMRBSIARG HAS nmedsurerfwhiteUiHe: asHtkmtrerion eftpamicidsion

SRR kapt o dONol6 B parlls  gizgs measuied eyely oL 93 LOU(Rs 1
are indicated in Table 1." Example 5 Experiment ofrafspersmn was
tdundumted:in the Bame fmaanet @it kxaniptey excapt that the siiecObarticle

heads put in the .
sizes measured every hour for 5 hours are indicated in Table 1.

Example 5

Experiment of dispersion was conducted in the same
manner as in Example 4 except that the size of beads put in the
mixer, which functioned as both a supply tank and a recovery
tank, was changed toc 0.5 mm and the screen for separation of
beads and nano particles was changed to 0.2 mm. Particle 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 ExXample 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 um. Particle sizes measured hourly for 5

hours are indicated in Table 1.
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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. Particle 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 AR IEarficle sizes measured hourly for 5 hours are

indicated in Eable 1. - 23 Example 7 Experiment of dispersion wa
conducted in ﬁegém%n%rrwgr%né{}' 885 SElig)anm"p"’laes4 %?(%%%g%a the sﬁ?ﬁrerysiﬁme

tirentenk auxen ERkwhdlactiosedas:betna stipplylank-anea @ROVEIVK mixer
tank was irradiated with ultrasonic waves with a frequency of 20 KHz and

SR SHphHIRS 0P2B M theSizR 6 5ERBS HUE T the Pixer WRESERErgeRrts was
Or-gama a0l tharscreen forsiassifieation of the beads and ANO-PAKIGES ang

was changed to 0.2 mm. Particle sizes measured every hour for 5 hours
&ire snpitatadiin FTRLIY 1 G orparative Bfahpkds BExperimenhef mixer was

%‘séq‘lergi r%gvaos.%o?ngnuctgg 'néﬁg ssarrllg Irln ner as in Example 4 except
&t Ho beads ware put i ﬁwe mix&F which fuhctiohgd™ lﬁ%ﬁ%u‘bfplﬁhe beads
dank antbageeeveneianks anghasde@diation withwultrasopic wayes;was
conducted. Particle
measured every hour for 5 hours are indicated in Table 1.

Comparative Example 1

Experiment of dispersion was conducted in the same
manner 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 ware put in the mixer
which funct;oned 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 digpersion 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 fregquency of 20 KHz and
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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 beads 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 *
funetigicd-adsboth asypply sank asdiseeenoviesy dapkwvas ivRgiaiesdaith
uItraso ic' waves with a frequency of 20 KHz and - 24 anh amplitude of 20

FHE 5E4FS WERPHSA theTkerowarfior Si-bstgastrdadénpted in
-_h@ygéorls hours are indicated in Table 1. Comparative Example 4
Expéeriment of dispersion was conducted in the same manner as in
Example 4 éxeeptfaatithe Jumpidehd mixer which functioned as both a
supply tank arecover k was _irradiated with yltrasonic Wa es with

requency% %ff) RIS ané ar%an?ﬁzfﬁae of b, %On%gﬁgtb % P& FiRTe

mﬂnﬂ:mla(er iPariglersizea r&myedmwydlwrsfm@boufs @Eﬁelﬂﬁjigét@dwhmh '
in Table1.25 5.4 .

functioned as both a supply tank and a recovery tank was
irradiated with ultrasonic waves with a frequency 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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those conventionally used and produce nano particles of
significantly smaller .size than has heretofore been obtained.

It will be appreciated by those skilled in the art that
obvious changes can be made to the ewbodiments and examples
described in the foregeing 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 therecof which are within the scope and the spirit

of the disclosure as defined by the appended claims.
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irom->1"mot>4>1>>>>Y>x."IU-UU Ammmmmmmmm
mm--~'~FC"ICCWUAAAAAAAAOOOmMmMM rtNrt iNmd
NNH1)1) I-1INmC'totor0040_Q.HHH ?CKASCkYdk00O0O
bD WWI[Ii7TWWWWODUOkk 26 From these experiments, it can
be seen that the apparatus and method of the present invention are
superior to those conventionally used and produce nano particles of
wignificarthagnrEllerssize than has heretofore been obtained. It will be
appreciated by those skilled in the art that obvious changes can be made

to the embogiments and.exemples fleseribedapine foteaaina.deserptian

without departing from the broad inventive concept thereof. It i
uaiderbtGdd fthicrefores s tiatthig diskldsare isinot linlitgd fol tHee patidulas ted

empodiments_an ples discloged, but js.intended to coyer all
c%w%ﬁ%“ﬁ?o&i%%é%o%)%{ﬁere("i%j véf%ch are g%ﬁ?n t %ngopgrag the s%?ritt %
nthiecdiselosurgsas definedhbyltherdfpendedscfams n2 T hWWHAISES to mill and

SEAIMED I5: 1. A dispersing or milling, apparatus comprising - conic
generator that generates ultrasonic waves in the liquid to assist

in milling, and dispersing the solid particles in the liguid.

2. A dispersing or milling apparatus according to
claim 1; whezein the ultrasonic generator is disposed in the

vessel.

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

disposed in the space defined by the protruding wall portion.

4. A dispersing or milling apparatus according to
ciaim 2 or 3; wherein the vessel has a recessed wall portion that
opens to the inside of the vessel, the ultrascnic generator being

disposed in the space defined by the recessed wall porticon.

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

port at one end and a discharge port at the cther end; and
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vessel that receives milling media and a material to be treated containing
solid particles in a liquid; means for stirring the material together with the
milling media in the vessel to mill and disperse the solid particles in the
liquid; and an ultrasonic generator that generates ultrasonic waves in the
liquid to assist in milling, and dispersing the solid particles in the liquid. 2.
A dispersing or milling apparatus according to claim 1; wherein the
ultrasonic generator is disposed jn the vessel. 3. A dispersing or milling
BitratuS HECBRANG (60 B 2 Wer e s de A8 A Srothacing Wl
pastionthab-protrides eadwai diy.ef the sessehane-definesa spasesthator,
opens to the inside of the vessel, the ultrasonic generator being disposed
i Eha Y BLRifetR5y e o ARG WAR pErash. 4 X didpersing or =°

miling apparatus acegrdingtanalaimA ok 3 whareindhesessel hasaned
recessed wall portion that opens to the inside of the vessel, the ultrasonic

R aRo-b&ING Hispossd iAthe $5ace defimedl by theGetessedandlPe tween

PAItions 5, A dispersing, ok miling appasatus,aceerding ton anvgne Afdhesn of
preceding claims; wherein the vessel has a tubular stator disposed
thereint e stdorraviiigan itaké port BE6RE eNd andea thdchiaide poft

&1 the.other end; and - 28, wherein the-means for stirring comprisesa ..,

rotationally driven tubular rotor disposed in the vessel and encircling the
statorintte tdter beingspaced florhbisotti-tHeovessel and the stator so

6. A dispersing or milling apparatus according to
claim 5; wherein the ultrasonic generator is disposed inside the

stator.

7. A dispersing or milling apparatus according to
claim 5 or 6; wherein a media-separating device is disposed
upstream of the stator intake port to separate the milling media
from the treated material to prevent entry of the milling media

into the intake pozrt.

8. A dispersing or milling apparatus according to
‘claim 5, 6 or 7; wherein the wvessel 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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that a flow path for the material and milling media is formed between the
vessel and an outer surface of the rotor and between the stator and an
inner surface of the rotor, whereby rotation of the rotor effects stirring of
the material together with the milling media and advancement, of the
material along the flow path into the intake port of the stator. 6. A
dispersing or milling apparatus according to claim 5; wherein the
ultrasonic generatqr is, disposed inside the. stator. 7. Aéji%persing Iy
milling appar;thUs agc(i‘j(S)lrSdlijﬁgg)ljr fo claim 5 Jbtﬂﬁ ;nvghgf‘jéqlﬁraa rﬁlediggggpzﬁ%é}tﬁ'ugto
devigedsedisposed mpstretimoot-five statorirtakepoitdoseparateithegenerator
milling media_from the freated material to prevent entry of the millin
R B (ARG B 6 A erBesSg o e s ot Acagingy =@
toz ¢laim 5arfiok T ; mbereindhe vesselthas arprotrading wall portion that
protrudes outwardly of the vessel and defines a space that opens to the
flow path, the iraspnic genelaler being disngsedin fae spacs.defined o .
the protruding wall portion. - 29 9. A dispersing or milling apparatus
accardihgtorany: orengf the precedingclaiins] wigereid thearittasonigcerial to
enerator generates ultrasonic waves having a frequency of about.15
Fiz 15" 50 KI5 At AR B itido BF abtar S am (6 50 P L0 A= 2res that
dispersiagormilingtappaatus comptigigiear with the milling media in

the tank to mill and disperse the solid particles in the ligquid,
and an ultrasonic generator that is disposed in the tank and that
generates ultrasonic waves in the liquid to assist in milling and
dispersing the solid particles in the liquid; and a bead mill
that 1s connected to the mizer to receive therefrom milled solid
particles diépersed in ligquid and that further mills and

disperses the scolid particles in the liguid.

11. A dispersing cor milling apparatus according to
claim 10; wherein the mixer tank has a flow—out port ccnnected to
a 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 pm to 50 pm.
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mixer having a tank that receives milling media and a material to be
treated containing solid particles in a liquid, a stirrer that stirs and mixes
the material together with the milling media in the tank to mill and
disperse the solid particles in the liquid, and an ultrasonic generator that
is disposed in the tank and that generates ultrasonic waves in the liquid to
assist in milling and dispersing the solid particles in the liquid; and a bead
mill that is co&nectgd to the mixer to recﬂv,e there{ orgj milled solid
particles dispérsed m%ﬂ%ﬁ Hnd that fafther mils and” 15[5:3%%1:5151161 %oﬁae
pasiglesdn:the liquid. 11. A dispersing or milling apparatus according to
claim 10; wherein the mixer tank has a flow-out port connected to a

supply port ofthe bEa@l it hiPatfithan PSIEEBMhettel 8 ddiREhatgEe Pe

pertat the bead:mill 12 -AdisPersing-aLmilling ARRRFALUS @CCRITING: 1oy
claim 10 or 11; wherein the ultrasonic generator generates ultrasonic

WEVESRERING @ fFeadenty of dbéut 2’5 Ktz td%@ikﬂ_z &Rt an amplitude
of about 5 pm, 19,50 iml. 5 30, 13- A.dispersingonmilling method, <o assist in

comprising the steps of: Stirring milling media together with a material to
bel tidatedteentaining solid pakticlezria alligmierolnll tivel tidpdrgmtiidcles in
s&llg &grti}cllgs in the liquid; and propagating ultrasonic waves in the liquid
t0 assistin milling the solid particles and dispersing the solid particles in

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

16. A dispersing or milling method according to claim
13, 14 or i5; 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 gbcout 15 KHz to 30 Kiz and an amplitude of about 5 pm to 50 pm.

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

frequency of 15 KHz to 20 KHz and an amplitude of 20 um to 50 um.

_«31....



the liquid. 14. A dispersing or milling method according to claim 13;

wherein the stirring and propagating steps are carried 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 accordin

to any one of?(?laimé %)i%s;l\/vnﬁe?eﬁn%ilfjﬁr%gberﬁ%?ﬁa\%g%wg o'y
fregiseney cohabout 15-KH=to 30KHzand @anamplitydeofiabeidtd prodopeads
50 pm. 18. A dispersing or milling method according to any one of claims
13t0 1% WnefdinthePulfrfonit Wat@ihalt & FrEfuERcy of 8 KHz to 20

KHz and an amplitude of 20 pm to 50 pm. - 31 19. A dispersing or milling
method accoréing té ahysrene ofelams B toni8patieréinthendiling to any
media comprise beads or palls having a size in a range of 15 pm to 1.0
A e SPing iAol SLkordite 13 s b oF e 25 The
ton1 91 wrhereindhpsaveragespaticle sizefdtheomideédsalidparticles after

completion of the stirrin%\lang#g’ alﬁ?Ptin steps is at most 100 nm. 32
DISPERSING GRMILLING APPARATUS™AND DISPERSING OR
MILLING
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METHOD USING THE SAME ABSTRACT OF THE DISCLOSURE A
material to be treated containing solid particles in a liquid is stirred
together with milling media, and irradiated with ultrasonic waves during
stirring to finely mill the solid particles to nanometer size and disperse the
solid particles in the liquid. The ultrasonic waves create cavitation in the
liquid and upon decay of the cavitation,-shock waves are produced that
cause the solid particles to vigorously collide with one another and with
the milling media and these_collisions together with _the shearinngorces
-creatDed% v comsion of the' @ﬁm@%@kﬁgaﬁqﬁ%ﬁgggﬁs&?ﬁmméﬁg NG
scale nano particles having an average particle size of at most 100 nm.
Fig.1A

ABSTRACT OF THE DISCLOSURE

A material to be treated containing solid particles in
a liguid is stirred together with milling media, and irradiated
with ultrasonic waves during stirring te finely mill the solid
particles to nanometer size and disperse the solid particles in
the ligquid. The ultrasonic waves create cavitation in the liquid
and upon decay of the cavitatilon,'shock waves are produced that
cause the solid particles to vigorously cellide with one another
and with the milling media and these ccllisions, together with
the shearing forces =-created by collision of the milling media,
can produce on a commercial scale nano particles having an

average particle size of at most 100 nm.

Fig.1A
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