Title of the Invention: D spersion net hod and di spersing appar%}@glgg";
using supercritical state BACKGROUND OF THE I NVENTION (1) Tecm Cd
Field-to which the Invention bel ongs The present inventi at es

to a di'spersion nmethod, for exanple, a dispersion nethod for a
solid-liquid system wherein a solid (fine particles) and a liquid are
m xed and dispersed, a dispersion nethoq for a liquid-liquid system
wherein a liquid and a liquid are m xed and enul sified, and a dispersion
met hod fofikleopfdtheqlnyepsaosr)- i §isaersdogamed had m«i])dlspersmg
systemparticularly to a dispersion nethod characterized by carrying out
.the di speappanabysuasiggasupeperdriiciadals tadlevent in a supercritical state

as a dispersing neans; and a dispersing apparatus therefor. (2) Prior Art
There have been enpl oyed a kneader, a roll mll, a

BACKGROUND OF THE INVENTION

(1) Technical Field to which the Invention belongs
The -present invention relates to a dispersion method,
for example, a dispersion method for a solid-liquid system
wherein a solid (fine particles) and a liquid are mixed and
dispersed, a dispersion method for a liquid-liquid systenm
wherein a liquid and a liquid are mixed and enulsified, and
a dispersion method for a solid-liquid (water)-liquid
(organic solvent) system, particularly to a diSpersion method
characterized by carrying out the dispersion by using a
supercritical solvent in a supercritical state as a
dispersing means; and a dispersing apparatus therefor.
(2) Prior Art
There have been employed 2 kneader. a roll mill, a
medium-dispersing machine and the like to disperse a solid
_ dispersoid used as.a material for coatings. ink, ceramics,
cosmetics, foods and the like., or a homogenizer and the like
to emulsify a liquid dispersoid. Usually in such processing.
shearing force or the like is mechanically applied to

particles to be dispersed to finely divide the



medi um di_ spersing nmachine and the like to disperse a solid di spersoi d

used as a material for coatings, ink, ceranics, cosnetics, foods and the
| i ke, or a honogeni zer and the |ike to enulsify a liquid dispersoid.
Usual Fy in such processing. shearing force or the like is nmechanically

applied to particles to be dispersed to finely divide the
2 particles. whereby there have been draﬁfacks that the processing tine is

| ong and the washing of the apparatus after the processing is troublesomne.
Further, parxtipresie Bherely sthere ohavet bheer. drasbackpatbBabedhepr oposed a
di spersi on nethod wherein a solvent and a dispersoid are mxed in a

supercritpeotess g tiwethe bong anéntheswashidgyoéxphedagdparattiugel y divide
-the dispersoid. and then the fine particles are blown into a solvent such

oS DLELLAPLECD Pt s bECisLaYBNSLesbResuch @ merod. when the fine
Further, to improve such dispersion methods, there
have been proposed a disperéion method wherein a solvent and
a dispersoid are mixed in a supercritical state and the sol-
vent is rapidly expanded to finely divide the dispersoid,
and then the fine particles are blown into a solvent such as
varnish, toluene or the like. However, in such a method,

when the fine particles are blown into the solvent., re-

agglomeration is likely to take place. whereby the dispersed

condifon will deteriorate.

SUMMARY OF THE INVENTION

The presenf invention is intended to utilize the
characteristics of a supercritical fluid which is capable of
continuously and rapidly changing the density from a gaseous
density to a liquid density by changing the pressure and
temperature. An object of the present invention is to
provide a dispersion method and a dispersing apparatus by
which a solid or liquid dispersoid can be efficiently
dispersed without causing the above-mentioned drawbacks,

preferably to provide a dispersion method and a dispersing



aggloneration is likely to take place, whereby the dispersed conditon wll
det eri or-at e. SUWARY OF THE | NVENTI ON The present invention is

intended to utilize the characteristics of a supercritical fluid which is
capabl e of continuously and rapidly changing the density froma gaseous
density to a liquid density by changing the pressure and tenperature. An

obj ect of the present invention is to grovide a di spersion nethod and a
di spersi ng apparatus by which a solid or liquid dispersoid can be

ef fi ci enaipparadiuspasdad® ihen Gup errsi bt & hes tbbee-HRheh obel Bie awbacks,
preferably to provide a dispersion nmethod and a di spersing

3 appar atoperediedy byhe cmmever igorttokt ate. which can be operated by
conput er control . According to the present invention,the above

obj ects According to the present invention, the above objects
can be accomplished by broviding a dispersion method using
the supercritical state which comprises feeding a mixture of
a dispersoid and a solvent into a supercritical vessel, feed-
ing a supercritical solvent into the supercritical vessel,
heating and compressing the supercritical solvent to convert
it from a gaseous phase state to a supercritical fluid,
mixing the mixture and the supercritical fluid in the
supercritical vessel, then introducing the supercritical
mixture of the mixture and the supercritical fluid to an
explosion-crashing tank, by which the supercritical
mixuture is jetted to atmospheric pressure and at the same
time the supercritical mixture undergoes collision in the
explosion-crashing tank, for dispersion bf the dispersoid
into the solvent, and a dispersing apparatus.

In the present invention, the SUpercriticaI solvent
represents a solvent for the preparation of the super-
critical state. The supercritical state and the super-
critical fluid, are not only a so-called supercritical
.state and supercritical fluid which exceed the critical

state and critical fluid, but also a semi-supercritical



can be acconplished by providing a dispersion nmethod using the
supercrictical state which conprises feeding a m xture of a dispersoid and
a solvent into a supercritical vessel feed- ing a supercritical solvent

i ntosthe supercritical vessel, heating and conpressing the supercritical
solvent to convert it froma gaseous phase state to a supercritical fluid,
m xing the m xture and the supercritical 4#fluid in the supercritical
vessel, then introducing the supercriti.cal, L xture of the m.xtyre and the
super cii (8 EakefnddSEIARUPEREF 41 6ALcAAURAnghd Sh BTy ShightLynd ess
supercritical mxuture is jetted to atnospheric pressure and at  the sane
time the $haer¢het ccaticakt stetenaadgesd tisali filaid. buthsan be deemed

expl osi on-crashing tank, for dispersion of the dispersoid into the

sol vent, agdpe dubseanitialdypahat same as the abowe tSuperasiriicd hvention

t he supercritical solvent represents a solvent for the preparation of
t he super- Chyl ti qal Q.3 e crditd (cal ﬁ@@ e’ -
critical 1slt3’|t3, ra trde%ﬁlgteﬁlgﬁ.ltli’ léago-@gﬁq{e’d §sludpée?"flctrl.l?éf ?(E:a %{'S& e and

supercritical fJuid i ch exceed the critical .
P trans ormaf¥%n'}a es place in an extremely short period of

time.

Further, in the present invention, the explosion-
crashing is an operation by which the following effects are
caused:

(1) when the dispersoid is porous particles, the
supercritical fluid penetrates into pores or narrow-spaces
thereof and the pressure is rapidly reduced to cause rapid
cubical expansion, by which the porous particles are crashed
and dispersed,

(2) by jetting the dispersion under the super-
.criticdl state f;om a nozzle having pores or slits of narrow
Spaces.at_a sonic speed or a flow velocity aboye .it, by which
a high shear deformation action is applied to the dispersoid
for crashing and dispersion. and

(8) the jetted liquid is collided against a wall
surface or the like by the inertia force corresponding to
the mass of fine particles of the jetted liquid, by which

impact action is applied to the dispersoid for crashing and



state and critical fluid, but also a sem -supercritical

4 state-and sem -supercritical fluid which are slightly Iess than the
critical state and critical fluid,but can be deenmed to be substantially
the sane as the above supercritical state and supercritical fluid, since
the change of phase transformation takes place in an extremely short
period of tine. Further, in thd present invention, the expl osion-
crashing i;s an operation by which the followi ng effects are caused:

(1) when Sh8PBFSBRRsoid is porous particles, the supercritical fluid
penetrates into pores or narrow spaces t hereof and the pressure is

rapidly reduced to cause rapid cubi cal expansion. by which the porous
particles are crashed and di spersed,

(2) by jetting the-
di sper si oBRIEFe EXPLANATAON- OF THE DRAWINGS

Figs. 1(A) to 1(D) show dispersion methods of a solid
(fine particles)-liquid system. Pig.1(A) is an explanatory |
drawing showing a step for charging a slurry. Fig.1(B) is
an explanatory drawing showing a step for,preparing.a_super-
critical stafe. Fig.1(C) is an explanatory drawing showing a
stirring and mixing step when a jet-stirring is employed.
Rig.1(D) is an explanatory drawing showing an explosion-
crashing step when an explosion-crashing nozzlg and a
vertical plate-like collision portion are employed.

Figs. 2(A) to 2(D) show stirring means. Fig.2(A) is
an explanatory drawing showing a jet stirring. Fig.2(B) is
an explanatory drawing showing an ultrasonic stirring. Fis.
2(C) is an explanatory drawing showing a vibration plate
actuated by an external shifting magnetic field. Fig.2(D) is
an explanatory drawing showing rotation blades actuated by
an external shifting magnetic field.

Figs. 8(A) to 8(C) show collision portions of the ex-
plosion-crashing vessel. Figs.3(A) and 8(B) are explanatory,
drawings showing collision plates each provided with a

fence. Fig.8(C) is an explanatory drawing showing a case of



critical state froma nozzle having pores or slits
sonic speed or a flow velocity above it, by which

a high shear deformation
action is applied to the dispersoid for crashing and di spersion, and

(3) the jetted liquid is collided against a wall ~SUr{ B I'li ke by
the inertia force corresponding to t he mass of f?ﬂé Egﬁgg E EF he
jetted liquid, by which i npact actiongis appligd to j

( for
crashing an

d S 5 di spersi on. BRI EF
EXPLANATI G (UG AN Lis10ny oo 1) (o0 1(D) show di spersi on
met hods of a solid,, (fin riicl -ljquid system Fia.l (A) i _
expl anat ory drawﬂ%bé%ho&‘gg £034§§3f%bgﬂhgpﬁ¥ﬁglgnsrﬂﬁiﬁg é?gi?@gfrps an
expl anatory drawi ng showi ng a step for preparing a super- critical state.
Fig.1(C) itune @u@lmnassuyedeMAhgesnnﬁpagaalon of a supercritical

of narrow spaces at a

state from a supercritical solvent which is in a gaseous.
state at room tempeérature and ordinary pressure. Fig.4(A)
shows a step for temperature-pressure operation. Rig.4(B)
shows an illustration in a density-pressure isothermic chart
in the step for temperature-pressure operation. Fig.4(C)
shows an illustration in a density-temperature isotactic
chart in the step for temperature-pressure operation.

Rigs. B(A) to 5(C) show operation roﬁtes of tempera-
ture and pressure for the preparation of a supercritical
state from a supercritical solvlent which is in a liquid
state at room temperature and ordinary pressure. Fig.5CA)
shows a step for temperature-pressure operation. Fig.5(B)
shows an illustration in a density-pressure isothermic chart
in the step for ;empengture-pressure operation. Fig.S(C)_
shows an illustration in a demsity-temperature isotactic
chart in the step for temperature-pressure operation.

ngs. 6(A) to 6(D) show dispersion methods for a
liquid-liquid system according to the present invention.
Fig. 6CA) is an explanatory drawing showing a step for

charging an emulsion. Fig.6(B) is an explanatory drawing
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stirring and mxing step when a jet-stirring is enployed. Fig.1(D) is an
expl anatory drawi ng showi ng an expl osion- crashing step when an
expl osi on-crashing nozzle and a vertical plate-like collision portion are

enpl eyed. Figs. 2(A) to 2(D) show stirring nmeans. Fig.2(A) is
an expl anatory drawing showng a jet stirring. Fig.2(B) is an expl anatory
drawi ng showi ng an uItrasonlc stirring. Rig. -2(C) is an explanatory

drawi ng showi ng a V|brat | ate ., actuated by.an t | shif i

magnet i ¢ ShoNidig & § D) qrs repaeLng a%a?ﬁ??r8¥b§\‘} ﬁgf ﬁ@ﬁ?ﬁg?r‘& §t'

bl ades actuated by an external shifting magnetic field

3(A) to 31(5(3)ansm)wkajlat(srbrﬂmlilbnshwlﬂﬁeaeﬁi1rr1§30§ﬂ8nmélxé§ﬂ| ﬁée\PesseI
Figs.3(A) and 3(B) are explanatory drawi ngs show ng collision plates
each prowiges av jétastirfemgeis Fusea(CFlgsﬁéb)exphanamdﬁanvn@m ng a

case of
ing showing an explosion-crashing step when an exp1031on-
crashing nozzle and a vertical plate-like collision portion |
~ are used. |

Fig. 7 is an explanatory drawing showing an
embodiment of a dispersing apparatus according to the
present invention.

Figs. 8(A) to 8(D) are explanatory drawings showing
dispersed conditions in the examples wherein dispersion is
carried out in ACcordance with the present invention or the
comparative examples.

Fig.9 is a chart showing particle size distributions

~in the examples wherein dispersion is carried out in
accordance with the present invention or the comparative

examples.

PREFERRED EMBODIMENTS OF THE INVENTION

The principle of the present invention will be
explained below with reference to the drawings. Fig.1 shows
a case where the dispersoid is solid fine particles and such
fine particles are dispersed in a liquid solvent. Here,

solid fine particles include, for example, ultrafine



a countercurrent collision. Figs. 4(A) to 4(C) show operation
routes of tenpera- ture and pressure for the preparation of a
supercritical state froma supercritical solvent which is in a gaseous
state at roomtenperature and ordinary pressure. Fig.4(A) shows a step for
t enper ature-pressure operation. Fig.4(B) shows an illustration in a
density-pressure isothermc chart in the gtep for tenperature-pressure
operation. Fig. hows an itlustration, in a densify-tepperature isobar

4(C)
chart in Rafd iGkes fOICh ARt LENFRLHr L&HARL 65 %h@{ powder Offpjgs. 5(A)
to 5(C) show operation routes of tenpera- ture and pressure for the
prepar at imggngt i sparticies.cand sonebinesnabseupefewi typas bl finnt which
isinaliquid state at roomtenperature and ordinary pressure. Fig.5(A)

shows a spgptieres enPhli@t Li eupdesslventpeneludes wadeb(Ban opbawican
illustration in a density-pressure isotherm c chart in the step for

LenEeto" (4GLEGEESHEStRECTIKL oo PoPE)a pBIRRuSLy b Th' a1 2,
Operationpersion.A mixfh?g'o?(@%eﬁougﬁg% 398%%gh%HeE353?tq%hh ?%u% ra
dispersion). (hereinafter referred to as a "slurry”) is
charged into a supercritical vessel 6 from a feeding inlet
80 (Pig.1(Ad). At this time, appropriate agents,e.g.,a dis-
persant such. as a_pol&mer surfactant, may be incorporated
_ beforehand. At this stage. it is believed that the solid
fine particles (a...) are in a so-called agglbmerate state
of fine particles wherein generaliy plural or many fine
articles form aggregates, and such agglomerate state fine
particles are suspended in a solvent.

The above slurry may be preliminarily dispersed by a
preliminary dispersing apparatus before feeding it into.the
above vessel, or.may be directly fed into the vessel without
preliminary mixing, depending on the properties of the
dispersoid.

Then, the supercritical vessel 6 is filled with the
supercritical solvent from a feeding inlet (nozzle) 8 there-
of. The supercritical solvent is heated and compressed

by a heating and compressing means such as a pump and



liquid-liquid systemaccording to the preSent

I nventi on. Fig. 6(A) is an
expl anatory drawi ng showing a step for charging an enulsion. Fig.6(B) is
an expl anatory draw ng 7 showi ng a
stepsfor preparing a supercritical state.Fig.6 (C is an explanatory

drawi ng showing a stirring and mxing step when a jet-stirring is used

Fig.6(D)is an explanatory draw ing showi ng an expl osi on- crashl ng step
when an expl osi on-  crashin nozzle and

verti at e- I l'i sion
portion aaheadesd. equipped Torg the jwes§elexifilan %r‘i/)" H%%NI ng an
enbodi nent of a di spersing apparatus accordin

awo t he resent i nvention.
Figs. 8(Ahé¢ &ugleP)crdrid odp! fdneitdriyy dmimging s oondi til @@%r&b@veoﬂmet i ons

in the exanpl es wherein dispersion is carried out in accordance with the
present idpEntd N t¥mpd¥@ture and the critical pressure (Rig.1(B).
The supercritical fluid (b...) thus obtained has a higher
diffusion coefficient and a-smaller surface tension as
compared with a liquid solvent such as water or an alcohol,
and is therefore likely to be wetted and capable of rapidly
penetrating into the aggregate of the fine particles (a...
). PFurther, since the interaction (at;raCtion) between the
fine particles and the supercritical fluid is larger than
the interaction (attraction) between the fine particles to
one another which constitute the aggregate, the aggregate of
the fine particles is crashed and divided into individual
particles, resulting in the progress of primary particle
formation, whereby the dispersion of the fine particles is
accelerated. At this time, when the fine particles have pores
(c), since the supercritical fluid has a.high diffusion
coefficient and a small surface tension as mentioned above,
the supercritical fluid impregnates into the pores (c) of
the fine particles (a) as shown in an enlarged figure.
Then, to further progress the formation of primary
particles and the impregnation between the particles or into

the pores thereof, the above supercritical mixture of the



conpar ati ve exanpl es. Fig.9 is a chart show ng particle size
di stributions I n the exanpl es wherein dispersion is carried out in
accordance with the present invention or the conparative exanpl es.

PREFERRED EMBCODI MENTS OF THE | NVENTI ON The principle of the

present invention wll be expl ai ned below with reference to the
drawi ngs. Fig.1l shows a case where thqjﬂlsper50|d Is solid fine
particles and such fine partlcles

d | | )
Pere ' C3abimma ke Y SURSREN i Gtle T Futd LhritG, é@???%#?ﬁbcafo ven

8 particles such as pignents, ceran1cs naterlal Eomder or magnet
partlclewessulsmxnﬂtunfedﬂhx)&astmwnymesmmanslﬁ igphkEh 21 eds fh@ I|qU|d

sol vent includes water, an organic solvent or the like which forns a
cont i nuoust

Con . Hon (rcnfﬁ?'ﬂbéhéﬂﬁﬁrid@%sm@ﬂhﬁdﬁimawrBeOﬁséﬂeaneﬁerabmspthéed
stirring means has a sealed structure such that a stirring
shaft or the like does not éxtend throughout the supercri-
tical vessel. In the stirring means as shown in Figs.1(A)to
1(D) and 2(A), a jet nozzle 8 is disposed toward the inside
of the supercritical vessel, a circulation port 31 formed
in the supercritical vessel 6 is connected to the nozzle
8 through a pump P4,and the supercritical mixture is circul-
ated and compressed by the pump and jetted from the jet
nozzle 8 into the supercritical vessel to form a circulation
flow within the vessel, carry out the stirring and mixing and
accelerate the homogenization.

[n the stirring means as shown in Fig.2(B), ultra-
sonic wave is applied into the supercritical vessel 6 to
stir the mixture in the vessel and make it uniform. An
ultrasonic wave applying aperture 32 is provided to the
vessel so that it is connected to an ultrasonic-generating
means not shown in the drawing.

PFurther, an electromagnetic coil which generates a
shifting magnetic field, may be provided outside the super-

critical vessel 6 to stir the mixture in the vessel. [n the



di spersion) (hereinafter referred to as a "slurry") is charged into a
supercrirtical vessel 6 froma feeding inlet 30 (Fig.l(A). At this tineg,

appropriate agents.e.g. a dis- persant such as a polymer surfactant, may
be i ncorporated beforehand. At this stage, it is believed that the solid

fine particles (a...) are in a so-called agglonerate state of fine
particles wherein generally plural or nag fine articles form aggregates,
and such agglonerate state fine rticlés are suspended jn a sol vent.

The abovexempleyagagheanyid Fiiga %I)y & pdradd Oy &R NGy nary

di spersing apparatus before feeding it into the above vessel., or may be
di rect |y dead cient 84t Whivhsdd genedratted by dn réxkexnad xshigf t tegpendi ng on the
properties of the di sper soi d. Then, the supercritical vessel 6

s fi "e%agyﬁétitcherielwmm:rﬁaté ealyidntaseidn fbate $®ewitlbinntke (nozzlie) 8
or.

t her e- The supercritical solvent is heated and conpressed by a

heating gnd COMPrES My TTADSs ¢ Uk St e PY{Bréffon plate 33 is

vibrated by actuating the vibration-generating device 34
by an electromagnetic coil 35 which generates an external
shifting magnetic field.

In the example as shown in Fig. 2(D),
a rotor 37 which is rotated by an external rotatable
shifting magnetic field and has rotation blades 36, is
provided within the supercritical vessel so that the
rotation blades 36 are rotated by actuating the rotor 37 by
an electromagnetic coil 38 which generates an external
shifting magnetic field.

The supercritical mixture stirred and mixed by various
stirring means as mentioned above, is discharged from a flow
out port 89 of-the supercritical vessel 6, introduced into
an explosion-crashing tank 10 through a line 9 which is
connécted to the flow out port 39, jetted within the
explosion-crashing tank 10 by releasing it to atmospheric
pressure, and collided against a collision portion to
accelerate the dispersion by impact action (Fig.1(D)). A

jetting port 12 of the explosion-crashing tank 10 may have



9 a heater, equipped for the vessel for the preparation of the
supercrirtical fluid by bringing the conditions above the critical
tenperature and the critical pressure (Fig.l(B). The supercritical fluid
(b..#) thus obtained has a higher diffusion coefficient and a snaller
surface tension as conpared with a |iquid solvent such as water or an

al cohol, and is therefore likely to be wetted and capable of rapidly
penetrating into the aggregate of the fine particles

) (a, .. Qiﬁ Furt her,
since t he hentsdraetivge @t @la@X oS it vEashing 19727%l § A0 RAEN&GNG t he
supercritical fluid is larger than the interaction (attraction) between
the fine girts drepdres avid tnma repprévrie tonsndent i amet angt bydf 8. 36e
aggregate of the fine particles is crashed and divided into individual

e ooy Meh gy ereseeg Y eornay Retiag en Gparmet pute
(e e bR U e APEE o £ Fi £°YCBTS! *The {fde 8 #RTch"EoRHBEEST theco!
explosion-crashing nozzle or the like to the flow out port
39 of the supercritical vessel 6, is preferably heated by a
heater given thereto (not shown in the drawing).
As the ones shown as the collision portion in Figs.3
(A) and 8(B), formed is a collision plate 13 which surrounds
the forward portion of the nqzzle, window or the like and
opens downwardly. In the case of the nozzle 40, a vertical
plate-like collision plate 13a is formed so that it is
located vertically to the jetting direction of the nozzle
40. In the case of the explosion-crashing window 41, a semi-
spherical plate-like-collision.plate 18b is formed so that
it forms semi-sphere to the window 41. .In both cases, the
dispersion ,jetted from the nozzle -or the like is collided in
a substantiﬁlly vertical direction to the wall surface so
that the impact force can act effectively.
As the collision portion, no plate-like body may be
used. In such a case, as shown in Figqs(C). explosion-
crashing nozzles 40, 40 are disposed oppositely within the

explosion-crashing tank 10, the line 9 from the supercritical



coefficient and a snall surface tension as nenti oned above, t he

supercrirtical fluid inpregnates into the pores (c) of the fine particles
(a) as shown in an enlarged figure. Then, to further progress

the formation of primary particles and the inpregnati on between the
particles or into the pores thereof, the above supercritical m xture of

t he 10 slurry and the supercritica
fluid in the supercritical vessel is stitred by a stirring, nmeans

(Fig. 1(C)vessssl theis dividedy tnstwarbrarches need cegnectedetio the
Preferably,the stirring neans has a sealed structure such that a stirring
shaft or ¢dpedt kee doesz hes 46t e, tamduthent di bpesspensrare jetdedvessel .
In the stirring means as shown in Figs.l| (Ato 1(D) and 2(A), a jet nozzle

Core 1 PR URSUbe feshiorof abestepenol i0ratoventalengaw oo el on
liquids to each other, whereby the dispersion can be
accelerated by the impact af the time of collision.Here, the
explosion-crashing nozzles 40,40 are disposed within a hood
42 in the explosion-crashing tank 10, and the dispersion
jetted from the nozzles are collided to each other and then
low downwardly without scattering to the circumference.

In the explosion-crashing tank 10, since the volume

.of the supercritical solvent in the aggregate of the fine
particles is rapidly expanded as mentioned above. the fine
particles are further divided into individual particles
under the condition of primary particles. At that time, if
the fine particles have pores, the fine particles themselves
are further crashed and dispersed by the cubical expansion
of thq supercritical solvent impregnated into the pores.

In the above steps, the heating and compressing
operation to covert the supercritical solvent to a super-
critical fluid,is prerferably an operation of phase trans-
forming the supercritical solvent from a gaseous phase state
to a supercritical state. FPigs. 4(A) to 4(C) show operation

routes of temperature and pressure for the preparation of a



8 through a punp P4, and the supercritical mxture is circul-

conpressed by the punp and jetted fromthe jet nozzle 8 i ]

supercritical vessel to forma circulation flow BtbenxesEeN farry

out tthe stirring and m xing and accelerate the ;%@Eﬁghbgm

In the stirring nmeans as shown in Fig.2(B), ultr ' pplied
stir_the mxture in the vessel and

ated and

into the supercritical vessel 6 to

make it uniform An ul trasoni ¢ wave appiﬁjng aperture 32 is provided to
the vesdglerea ittigali s tiad ec JTosc the § UREIAT id 10%k 030 LV ech ittt 6 hgi S hans

not shown in the draw ng. Further, an el ectromagnetic coil which
gener at ey Fasecdy fdtate retonwdr Femeka tuye bendrovd tealr pupsesisurée super -
critical vessel 6 to stir the mxture in the vessel. In the

L1 exanplie as GPWhdds [ § BP0 védiétd plir §2pPESEane ofleraepofit which is
generate shifting .

Yy an ‘ext er nal

Fig.4(B) shows an illustration in a density-pressure iso-
thermic chart in the sfep for temperature-pressure operation.
Fig.4 (C) shows an illustration in a density-temperature
isotactic chart in the step for temperature-pressure

operation. The thick solid lines in these drawings
indicates various operation steps.

In the above drawings, the operation step (1)
indicaied by a route numbef 1 -> 2 ->5 shows a change from
a gas to a liquid by the route 1 -> 2, and a change from a
liquid to a supercritical fluid by the route 2 -> 5. With
respect to the relation between the state of the phases and
the dispersion of the solid particles in this case, when the
line crosses the vapor-liquid equilibrium rahge? the surface
of particles is wetted with a liquid, whereby the super-
critical fluid hardly impregnates into narrow spaces or the
like of such wetted particles. As a result, the impregnation
of the supercritical solvent into the spaces of aggregate
of solid particles or the pores of solid particles,
is mainly carried out by molecular diffusion by the solvent

“such as an organic solvent in the slurry, and if the super-
-

This Sheet Has Been

i



magnetic field and has a vibration plate 33 within the vessel, is provided
so that>the vibration plate 33 is vibrated by actuating the

vi bration-generating device 34 by an el ectromagnetic coil 35 which
generates an external shifting magnetic field. In the exanpl e
as shown in Fig. 2(D). a rotor 37 which is rotated by an external

r ot at abl e shifting magnetic field and rotation blades 36, is

provided within the supercritical vessel 'so that the r ot

| tion_blades 36
are rot ated bicadctamdivent treachroritey syrerenl bl ez r%ﬁ%bﬁe?h% %BPPC 8 which
generates an external shifting magnetic field. The supercritica
m xture s¢f ritesl supemntxitidcyl vBlubdsharélyrextendetosthe spacesned above,
is discharged froma flow out port 39 of the supercritical vessel 6.

connect e 1y RBT PPt T P B e e REee O ot on er achi ng
Lo aronlgigh caRbRgrtink Py PREPPThG ti ol BE°YhE pR1eTY Yaltd ey not 2

by the dispersion or explosion-crashing effect in the super-
critical state, will be insufficient as mentioned above.

fn an operation of a route 1 -> 38 -> 5 as shown in
the operation step (2), the supercritical solvent is com-
pressed in the route 1 -> 3 in a gaseous state as it is, and
continuously transformed into a supercritical fluid in the
route 3 -> 5. In such a case,since the supercritical solvent
is continuously transformed from a gas to a supercritical
fluid, the impregnation of the supercritical fluid into the
spaﬁes between the aggregate of solid particles or the
pores of solid particles is excellent.

In an operation of a route 1 -> 4 -> 5 as shown in
the opefation step (3).the_supercritica1 solvent is com-
pressed in the route 1 ¥> 4 in a gaseous state as it is,
and continuously transformed to a supercritical fluid in
the route 4 -> 5. In such a case, the impregnation of the
supercritical fluidis excellent like the above operation
step (2), and it is possible to control elements such as

pressure, temperature and density.effectively by a computer,



accel erate the dispersion by inpact action (Fig.l(D)). A
of the explosion-crashing tank 10 nay have
12 the structure of an expl osion-crashi ng noz "§;=§f“" or pores
with*an appropriate inner diameter (in Fig.3(| BB SEEHEXBEN [bn- cr ashi ng
wi ndow 41 having an appropriate aperture ared (in BEGLACEY) line 9
whi ch connects the explosion-crashing nqgzle or the Itke to the flow out
port 39 of the sugergritiﬁ sse

t MaH

3

jetting port 12

al v | .6, .is preferably heated _by.a heater
gi ven t her8Rerehy whreherredqrapdagions” for disgersjony 9ds theown as the
collision portion in Figs. EA) and 3(B). forned is a collision plate 13

whi ch surrsohiid parkécieswaad persiedecded: padndhe &isperddOor the |ike and
opens downwardly. In the case of the nozzle 40, a vertical pl ate-1i ke

col l'ision ppatetiga canfbemedrydedhati tin @ shoxcatpet iwed tofcalime.t o Ade
jetting direction of the nozzle 40. In the case of the expl osion-crashing

window 41, t§eS@@htrol of the dispersion in a solid-liquid system, for
example, firstly the density of the supercritical fluid is
made low for easy impregnation, and fhen the pressure is
raised to make the density high for increase of the
wettability, followed by the release of the fluid to
atomospheric pressure in the explosion-crashing tank.

Figs.5CA) to 5(C) show operation routes for the

preperation of a supercritical state from a supercritical
solvent which is in a liquid state at room temperature and
ordinary pressure. Like Figs.4(A) to 4(C), Fig.5(A) shows a
step for temperature-pressure operation, Fig.5(B) shows an
illustration in a density-pressure isothermic chart in the
step for temperature-pressure operation, and Rig.5(C) shows
an illustration in a density-temperature isotacfic chart in
the step for temperature-pressure operation. As the
operation steps in such cases, as indicated by the route 1 -
> 2 -> 8 or the route 1 -> 4 -> 3,firstly the temperafure is
raised to a level higher than the critical temperature to
carry out the transformation of the supercritical solvent

from a liquid to a gas, and then pressure operation is

This Sheet Has Been Reilaced

R




spherical plate-like collision plate 13b is fornmed so that
sem -sphere to the window 41. In both cases. the
the nozzle or the like is collided in
to the wall surface so that the inpact force can act effectively.

As the collision portion, no plate-like body may be used. In such a
case. as shown in Fig.3(0O, explosion- 17 crashing nozzles 40 40 are

di sposed oppositely within t 0Sj] on: ¢t ashi tank 10 the line 9
froﬁnhe @Er%emg,qqytcaqo that Eile gas plS {raﬁs{orme&'gt a SUPer~13 yessel 6

is divided into two branches and connected to the espective nozzles 40,
40, and tdmeit iashdkiiohA tarthg et t ige. bh)?)oglldbqumr%“bﬂ%ﬁ@dtWeangéﬁl‘es 40,
40, to collide the liquids to each other, whereby the dispersion can be
accel er at piq@yd t piras erbednsf ot et i one. Hﬁwewbt:stbnskbhasehéransform—

expl osi on-crashi ng nozzl es 40,40 are di sposed within a hood

ation is a phase transformation wherein the density becomes

it forns
di spersi on jetted from
a substantially vertical direction

small, and believed to causé no effect to the penetration
into the pores of solid particles or into the Spaceé of
aggregate of solid particles.

As mentioned above, there are various operation steps
to convert a supercritical solvent into'a supércritical
state. For example, a step which undergoes a phase trams-
formation from a gas to a liquid, is a phase transformation
of increasing the density, whereas a step which undergoes a
phase transformation from a liquid to a gas, is a phase
transfofmation of dedreqsing the density. The phase trans-
formation of decreasing the demsity, does not prevent the
supercritical fluid from impregnating into the spaces of the
aggregate of solid particles or into the pores of the parti-
cles.Therefore, in the present invention, a heating and com-
pressing means is operated so that transformation to the
supercritical fluid is carried out through a gaseous state.

Rigs.6CA) to 6(D) show methods for dispersing
droplets wherein a liquid dispersoid is dispersed in a

solvent. Here, a liquid solute for dispersion., such as fat



42 in the explosion-crashing tank 10, and the dispersion ‘jetted fromthe
nozzl es-are collided to each other and then | ow downwardly w t hout
scattering to the circunference. I n the expl osi on-crashing tank
10, since the vol une of the supercritical solvent in the aggregate of the
fine particles is rapidly expanded as nenti oned above, the fine

particles are further divided into indivijgual particles “under the

conditio prlnar art es. At t at tine, the fine particles have
por es,thglaflulrﬁe plasrt 4"rfi>rr'elb|a/e%° veat wehh%‘ﬁ Wahehelr adll areasiged by

t he cubical expansion of the supercritical solvent inpregnated into the
pores. solvent (nmusmednmmanssom Suehhaasuspensilonobpr eharggd as
operation to covert the supercrltlcal solvent to a super- critical

fluid, is yaetdes abl yterespef aii bhqof dpbigaidr spsten (ReFenaather
supercrltlcal sol vent from a gaseous phase state to a supercritica

LS o Peteffdd 16 46 n Bl OPAT' 5B abOH' R 18F-FERAIR! o1 WRAL
system, an organic solute-organic solvent system, two or
more organic solutes-organic solvent system, into the super-
critical vessel 6 from a feeding inlet 80 (Fig.6(A)). At
this time, additives such as a dispersant and a reagent,
may be added beforehand.

Then, the supercritical vessel 6 is filled with the
supercritical solvent from the feeding inlet 8 of the vessél
. the temperature and pressure are adjusted to the desired
values by a heating and compressing means such as a pump
or a heater, to prepare the supercritical state (Fig. 6(B))

The supercritical fluid obtained by such an operation
generally has a higher affinity with a solute for
dispersion as compared with water, and therefore there are
two conceivable cases within the supercritical vessel, i.e.,

a case wherein droplets of a mixture are formed under such a

condition that the supercritical fluid (b..) is dissolved in

a solute for dispersion (d...) and dispersed in the solvent .

such as water or an organic solvent, and the droplets are -

in a supercritical state., as shown in the enlarged



supercritical state froma supercritical solvent which is in a gaseous
state at roomtenperature and ordinary pressure. Fig.4(A) shows a step for
t enperature-pressure operation. Fig.4(B) shows an illustration in a
denstty-pressure iso- thermc chart in the step for tenperature-pressure
operation Fig.4 (C shows an illustration in a density-tenperature

| sobar chart in the step for tenperatqu—pressure oper ati on. The thick

solid lines in these draw n indi c | ous pperation steps.
In the aidesrdr &fi dde’ pagd %Erle)t ildh @g@ anGdf A W%é)'r[butttée nunmber
1->2->5 shows a change from a gas to aliquid by the route 1 -> 2,

and a ch%m@&nhnmmunallﬁkumditsnkub&mﬁntdeSEQNStmm|@nﬁythheSQBw&%t2 -> 5,

Wth respect to the relation between the state of the phases and t he
dlSpefSl $Q% $OF RPerin cd esuperéPi 6icabestabenuntier uhifiermrosses the
gas- I|qu eqU| r

P qui o et Sy e, SHBeknownclh LA ehi bk ol felrbBISRRE! fartnl o ar v

spaces or pgitl ' OWR ¢ © I r _
(B-2) in Fig.6(B).

Then, stirring and mixing within the super-

critical vessel 6 is carried out by a stirring means (Fig.6
(¢)). This figure shows a means in which a supercritical
mixture is circulated and compressed by a pump (P4) and then
jetted in the Qessel from the'jet nozzle 8. However, various
means as shown in Fig.2(A) to (D) can be used. By such an
operation, in the state as indicated in the part (B-1) of Fig
.6(B), the formation of fine particles is carried out so
that the droplets have a diameter of from submicron to a few
micron meter order. In the state as indicated in the part
(B-2) of Fig.6(B), uniformity is further accelerated. and
better dispersion conditio# can be achieved.

The supercritical mixture stirred and mixed as above
is introduced from the flow out port 39 of the super-
critical vessel 6 to an explosion-crashing tank 10 and
jetted into the explosion-crashing tank 10 from the
explosion-crashing nozzle or window of the tank (Fig.6(D)).

At this time, in the condition as shown in the part (B-1) of



| i ke of such wetted particles. As a result, the inpregnation of the
supercritical solvent into the spaces of aggregate of solid particles or

the pores of solid particles, is mainly carried out by nol ecul ar
di ffusion by the sol vent such as an organic solvent in the slurry, and if
t he super- '

15 critical solvent
reaches the supercritical

state.the effe of the supercritical fluid
hardly extend tq the spaces of

t he aggregat e, of iglig gaitlclg or the
pores of Fd.i&lBoar tthe jwgldme ol dits rERerenbl 16 hasP bheBE thRe BFinary
particles by the dispersion or explosion-crashing effect

in the super-
critical dtegketsvtdpbidly nndréasest whenebyi btheddnoplets are finelyn an

operation of a route 1 -> 3 -> 5 as shown in t he operation step (2).the
tare as LET B O o O e e supar or 1 cal 11 ui d
'n the  purther. in the condition as shown in the part (B-2) of Fig.
6(B), by rapidly evaporatiné and dispersing the super-
.critical solvent, the dispersion in a uniform'condition
becomes aﬁ excellent dispersion in such a condition that .
extremely fine droplets of the solute exist in the liquid.
By the impact action of collision of the dispersiqn against
the collision portion as indicated in Fig.3(A) to (C)
disposed within the explosion-crashing tank 10, the disper-
sion is further accelerated. The above respective operation
can be controlled by a computer, and in such a case, the
operation is carried out by, for example, adjusting the
supercritical fluid to a high density condition at the
initial stage to sufficiently dissolve it in the solute and
then-releasing the fluid to atmospheric preséure in the
explosion-crashing tank. |
Fig.7 shows a schematic vieﬁ of an example of
preferred apparatuses for the dispersion system to carry out
the above-mentioned dispersion methods.
In this figure,as an example when a preliminary mix-

ing is carried out if desired. a preliminary mixing machine



route 3 -> 5. In such a casesince the supercritical solvent S
continuously transfornmed froma gas to a supercritical fluid, the

i npregnation of the supercritical fluid into the spaces between the
aggr €gate of solid particles or the pores of solid particles is

excel | ent. In an operation of a route 1 -> 4 ->5 as shown in
the operation step (3) the supercritical olvent is com pressed in the
route 1 -> 4 |n a gaseo s state gs it and c t i nuous t r ansf or ned
o a supesutht Asar Rhged 1ng machide dusiich asd natl b e the

i npregnation of the supercritical fluidis excellent | i ke the above

oper at i on kneadeap or2). plametarnys mpioed e ito paitidgd.el brdisperiid.asn
pressuretenperature and densityeffectively by a conputer),

16 wher ebysgTogdn tar @f alirsyd randd [mbstferl diempereimxed byetheoprel ppi+icl es
can be sel ected and the dispersion operation can be carried out in a short
period of 44 ¥-niing machine, and this mixture is fed to a dispersion

material controlling tank 3.by a pump P1 such as a snake

pump or a screw extrusion machine. The controlling tank 8

is preferably equipped with a stirring machine 4 to prevent

the precipitation or agglomeration of particles or the

separation of the solute.

To the tank 3. a medium-dispersing machine 5 is
connected through a valve V1 and a dispersion material
liquid-feeding pump'Pz. The medium-dispersing machine 5 is
connected to a feeding inlet 30 of 2 supercritical vessel
6 through a dispersion material liquid-feeding pump P3 by
vhich compression can be made to a level of 200 atm, a
flow meter Mi and a valve V2.

The supercritical vessel 6 is heated by a jacket 7
equipped with a temperature controlling means., and a super-
critical solvent is fed from a jet nozzle 8. [n the super-
critical vessel 6, a circulation port 31 is disposed for the
case of carrying out the stirring by jetting as shown in Fig
.1CA) to (D). etc., and the circulation port 81 is

connected to the above nozzle 8 through a valve V3, a circu-



the control of the dispersion in a solid-liquid system for exanple,
firstly-the density of the supercritical fluid is nmade |ow for easy

i npregnation, and then the pressure is raised to nake the density high for
i ncrease of the wettability, followed by the release of the fluid to
atonospheric pressure in the explosion-crashing tank.

Figs.5(A) to 5(C show operation routes for the prepe ration of a
supercritical state froma supercritical22 solvent which is in aliquid
state at Y@bion epymp af 4reh okl hasrali paegspresseséstanke tiogs. 4emeli0f4(0).
Fig.5(A) shows a step for tenperature-pressure operation, Fig.5(B) shows

an illusppagi@n afidaadenswt MepeesHare Faetherni a diaet whichhds step for
t enper at ure- pressure operation, and Fig.5(C) shows an illustration in a

oporat | onCORGURHEEEed IBCR; feef ik solred o TR0 suferidl NI D Py Restr®

ated by.the
Fai'sed tosaliens: in dReeraRaRd: e tieen dhe wahis Y had J BT P (e
tranSforni;L%Zg%fatgilz%P%uSr;F%%%%é?ﬂﬁfﬂgnd a compressor pump for
compression P5.
" The supercritical vessel 6 is equipped with a
pressure gauge G and a thermometer T1. To the flow out port
89, connected is a line 9 equipped with a heater for which
heating is carried out by an external heater and supercool-
ing is prevented. The line 9 is connected to an explosion-
crashing tank 10 through a reducing valve equipped with an
actuator V6 and a flow meter MS.
Within the explosion-crashing tank 10, screen boards
11 are disposed at the upper portion, the above line is
conﬁecfed to a jetting port 12 of the explosion-crashing
nozzle or window, and a collision plate 13 equipped with a
fence is'formed at the forward portion of the jetting port
12 of the explosion-crashing nozzle or window. As the
explosion-crashing nozzle or the like, to prevent the

clogging by freezing, a nozzle with a heater as used for the

process for producing fine particles using a supercritical "

fluid is used.



froma liquid to a gas. and then pressure operation is

17 carrred out so that the gas is transforned to a super- «critical
fluid. At that timethe fluid is subjected to a gas- |iquid phase
transformati on. However, this phase transform ation is a phase
transformati on wherein the density becones small, and believed to cause no
ef f ect t]? the penetration into the pore233of solid particles or into the
spaces o0 aggregate of solid particles, menti oped above, ,there
are various oper %0 drh%teéﬂslosk@wmﬁéﬂtﬂga @Jﬁbrk‘?rl t@c'é‘l'f) viakikdo a
supercriti cal state. For exanple, a step which undergoes a phase trans-
fornatlOméchnnn@wﬁﬁttnziﬂeannetylufeummasmperenstbcagtsohvenbf i ncreasi ng
the density, whereas a step which undergoes a phase transformati on froma

phase b e e O e e B A bent The

compressor pump for compression P6. The buffer tank 14 is
connected to the above pump-PS through a valve V5. As the
valves V1 to V5, preferred is a stop valve such as a ball
valve with an actuator. As the filters F1, F2, and the like,
a metal sintered porous body, ceramics or the like is used.

To the lower portion of the explosion-crashing tank
10, a storage tank (a deaeration tank) 15 is connected
through a liquid-feeding pump P7 and a flow meter M4. The
storage tank 15 is heated by a heating jacket 16 equipped
with a temperature controlling means. The dispersion is
stirred and mixed by a stirring machine 17. The storage
tank 15 is equipped with a thermometer T2. Further, if
desired, at the upper portion of the storage tank 15..a
recovery apparaﬁus which communicates to the buffer tank
14, may be provided for the recovery of the unrecovered
supercritical solvent separated from the dispersion.

To the dispersion material controlling tank 3, medium-
dispersing machine 5, supercritical vessel 6, explosion-
crashing tank 10 and storage tank 15,provided are discharge

ports each equipped with a valve, 18, 19, 20, 21 and 22, for



supercritical fluid frominpregnating into the spaces of the
solid particles or into the pores of the parti -
present invention, a heating and com

transformation to the supercritical fluid is carried out through a
gaseous state. Figs.6(A) to 6(D) show nethods for dispersing
droplets wherein a liquid dispersoid isgispersed in a solvent. Here, a
liquid solute for dispersion, such as fat

18 bal | s, dischargiagidhe washdme driduids therpater Furthergthe datd) vent
(rough dispersion). Such a suspension is charged as various m xtures of a
li qui d- | i gfui tempeatetudatedaiafadrby ridfer thernonaters: Emard ofd, sthe as a
wat er -organi ¢ solvent system an organic sol ute-organi c sol vent system
two or ' t gy S alpéoG] hgnduphe-
critical ni\fl)éegasgtfpzﬂ‘#?sosrsnﬂayf(ggtl nlg@(ipnlls:%t ﬂ%%e?fﬁ?gygffﬁ% %\t I .

data of flow rate obtained by flow meters M1 to M4, are sent

aggregat e of
cles. Therefore, in the .

pressing neans i s operated so that

to a computer, and subjected to operation, and then signals
are sent to the pumps P1 to P7, actuaters of the valves VI
to V5, temperature conirollers of the heating jackets 7 and
16, the heater of the line 9, etc. for control of the liquid
feeding rate of each pump, the open and shut of the valve,
the heating rate of the jackets and heaters, and the like.
The operation procedures of the above systems will
be explained below. In the case of a solid-liquid system, the
dispersoid contains ultrafine particles such as a pigment,
ceramics material powder or magnetic particles, and may
sometimés contain various types of fine particles. In the
case of a liquid-liquid system, there are two.cases i.e. a
liquid-liquid system of water and a solute, for example, a
hydrophobic liquid such as a fatty, an organic agent and a
monomer, and a liquid—liquid system of an organic solvent
and a solute for dispersion, insoluble in the organic solvent
such as a fatty, an organic agent and a monomer. Such a
dispersoid is mixed with a solvent such as water or an

organic solvent, and if desired. with an agent (a dispersant



this tinme, additives such as a dispersant and a reagent,

may be added
bef or ehand. Then, the supercritical vessel 6 is filled wth the
supercritical solvent fromthe feeding inlet 8 of the vessel , the

tenperature and pressure are adjusted to the desired

and conpressing neans such as a punp or a heater, to prepare the
supercritical state (Fig. 6(B)) Theysupercritical fluid obtained by
such an operatio

| | h ff.init | f
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concei vabl e cases within the supercritical vessel, i.e case, mhereln
drOpIetssmﬂu&ennxtarsuaﬁachommdafumaeﬁ&muﬂmnartkﬁﬂuﬂ&rkﬂv& ngtions
supercritical fluid (b..) is dissolved in a solute for dispersion (d...)

and di spgigs§ghe %dﬂf%@'o\ferftme it iesl owt & cua binpragent, seteent, and the
droplets are in a supercritical state, as shown in the enl arged-

and then adjusted to a desired concentration for a liquid-

val ues by a heating

like dispersion (a slurry of an emulsion). At this stage,
the above valves Vi, V2 and V4 are closed, and the valves
V3, V5 and V6 are opened.

Then. the valve V4 is opened (the valves V1 and V2
are closed.and the valves V8, V5 and V6 are opened),a super-
critical solvent such as carbon dioxide, ethylene or a sub-
stitute for Freon, is fed to the supercrltlcal vessel 6,
explosion-crashing tank 10, buffer tank 14 and the like, to
substitute the internal atmosphere by the supercritical
solvent.

After the substitution tfeatment. the valves V3 to V
6 are closed, and the valves V1 and V2 are opened. The
dispersion material.in the dispersion material-controlling
tank 3 is fed to the medium-dispersing machine 5 by the pump
P2,and mixed with a dispersoid,a solvent and an agent into a
more uniform condition (if dispersion material is already
dispersed in a sufficiently uniform condition by the stir- .
ring within the dispersion material-controlling tank 3. the

medium-dispersing machine 5 and the ones accompanied there-



19 figure of the part (B-1) in Fig.6(B); and a case wherein the
supercritical

are in a supercritical state under uniform conditions. as shown in the

enl afged figure of the part (B-2) in Fig. 6(B). Then
and m xing within the super- «critical vessel 6 is carried out by a

fluid. solute for dispersion and the solvent such as water

stirring

stirring neans (Fig.6 (C). This figure_shows a neans in which a
supercriti cal

jetted ingihg ¥aeRehsli hodisoharge poral €03 dicvhaspiag dbe wasniags shown

in Fig.2(A) to (D) can be used. By such an operation,

m xture is circul ated andzéonpressed by a punp (P4) and then

in the state as

i ndi cat ed si:n, t: f qEi . . fi 3 fo i cl
ot ed aghe B GEIEL ' aloda o) 2 WS W ), e e o

ets nmeter of from submcron to a

few mcron ter order. [In,the ate as indjcated j,n the part... -2) of
Fr o 6(5) Bidosarad prosnty khateclods GHAREFS ditto. et neEiShbict b
condi tion can be achi eved. The supercritical mxture stirred and

m xed as atessel 6 iwnden riduddereasad ML 63 W oY ptie BOIBf3+ he super -

Then, the valves V1 and V2 are closed, and the valve

V4 is opened (under the condition that the valves V3, V5 and

V6 are closed), and the supercritical vessel 6 is filled

with the supercritical solvent. To obtain the desired temp-

erature (a temperature which does not impair the properties

of the dispersoid and is not less than the critical

temperature) and the desired pressure (at a level of about

two times the critical pressure), the temperature is raised

by the jacket 7 and the pressure is increased by the pump

P5 to bring about the supercritical state. As the above

operations, an optimum operation for the dispersoid to be

treated is carried out as explained with respect to the

above-mentioned Figs.4 to b.

Further. the valve V4 is closed and the valve V8 is

opened. At this time, the valves V1, V2, V5 and V6 are

under the closed condition, and therefore the supercritical

vessel 6 is under such condition that it is shut to the

external side. Then, the dispersion material compressed by

the pump P4 is jetted from the nozzle 8 and the contents



critical vessel 6 to an explosion-crashing tank 10 and jetted into the
expl osi on-crashing tank 10 fromthe expl osi on-crashi ng nozzl e or w ndow
of the tank (Fig.6(D)). At this tinme, in the condition as shown in the

part*(B-1) of 20 Fig.6(B), the

vol une of the supercritical solvent in the droplets rapidly increases,
whereby the droplets are finely dividedzfor acceleration of the dispersion
of the solute. Further. in the condition as shown in the part (B-2) of

Fig. 6(Byitlynrthedsypevepbtihcahgvansedi §parei a§irmedsbger- 1edritical
solvent, the dispersion in a uniformcondition becones an excellent

di;per;iophhﬂ §ycacgeggﬁdteiQhetuaspeegﬁognely fine droplets of the solute
exist inthe liquid. By the inpact action of collision of the dispersion

against  the col | rged RAR! a1 vas Vsndiscaligdeld aid tHeWallael 96 idl sposed
within the explosion-crashing tank 10, the disper- sion is further
accelerat%%éngqe(%%%V%aﬁ%%%e%ﬁtvﬁfyj £YA" V5 are under the closed

condition), to jet the dispersion into the explosion-crashing
tank 10 through the jetting port 12 such as an explosion-
crashing nozzle or an explosion-crashing window. The
dispersion operation is further progressed by the explosion-
crashing effect of the expansion of the supercritical
solvent or by the collision against the collision plate
equipped with a fence 18 (a countercurrent collision may bé
used). Since the above effect of progressing the dispersion
deteriorates with reduction of the pressure in the super-
critical vessel 6, the jetting of the dispersion is carried
out until the pressure in the vessel reaches a level of
the supercritical state while monitoring the pressure in the
vessel 6. |

In the explosion-crashing tank 10, the supercritical
solvent is vaporized from the dispersion for separation. The
supercritical solvent splashed at the section of the screen
boards 11, is collected at the lower portipn of the explo-
sion-crashing tank 10, and compfessed with a compressor

pump P6 through a filter F2, and recovered and stored in a



can be controlled by a conputer, and in such a case, the
carried-out by, for exanple adjusting the supercritical fluid to a high
density condition at the initial stage to sufficiently dissolve it in

t he sol ute and then releasing the fluid to atnospheric pressure in the
expl osi on-crashi ng tank. Fig.7 shows a schematic view of an

exanpl e of preferred apparatuses for t3% di spersion systemto carry out
t he above-nentioned di spersion ne

t { ‘hods. Ln.this figure,as an
exanpl e whiquid py &3 § ¢ Wbkl iR khe ﬁ“?g@ri§aBBr1ﬁedaBGttbP“dé§Fggaedaas
prelimnary m xi ng machi ne 21 such
as a kneagenpionedi beldwsuch as a roll nill or a kneader or a planetary
mxer 2, is provided. A dispersoid, a solvent, a dispersant and the |ike
grgigkéfgig% the prel abbve Bispeirsiiong ivaglknte.toand sthirage Xanke 15 Hyed to

a pump P7. In the storage tank 15, heating is carried out

operation is

by a jacket 16 to evaporate.the unrecovered supercritical
solvent for separation, followed by concentration of the
dispersoid to the desired level.

The valve V3 and V6 are closed and the valves V1 and
V2 are opened to fill the vessel 6 with the dispersion such
as a slurry or an emulsion for the next cycle. In this case,
.when the filling of the supercritical solvent is conducted,
the valve V5 is opened while keeping the valves VI, V2, V3,
V4 and V6 in a closed condition, and firstly the super-
critical solvent in the buffer tank 14 is used, and then the
valve V5 is closed and the valve V4 is opened to feed the
supercritical solvent for supplement of shortage.

BXAMPLES

Using carbon dioxide as a supercritical solvent.
experiments for dispersing carbon black (carbon ECP
manufactured by Ketchen Black International K.K.) into pure
water were carried out to obtain the following Samples A to.

D.

Sample A...2_wt%'of the above carbon black was charged



material controlling tank 3 by a punp P1 such as a snake punp or a screw
extrusi on machi ne. The controlling tank 3 is preferably equipped with a
stirring machine 4 to prevent the precipitation or aggloneration of

particles or the separation of the solute. ' To the tank 3, a
medi um di spersing machine 5 is connected through a valve V1 and a
di spersion material |iquid-feeding punp_P2. The nedi um di spersi ng nachi ne

5is connected to a feeding inlet 30 of 23 supercritical vessel 6 through

a di spersimto hmires iwd tér.quand f sebljegt @dnpo P8heyfobhowbngoopeestionscan be
made to a level of 200 atm a flow neter ML and a val ve V2. The

super cr | Uylgpéh VEEPRbs Pond DGatiRe Breat falichtdp seqmi prag, wh

tenperature controlling neans, and a super- critical Solven ?g ged from
i Sposed For TRLOwedohs CBRBLos i PREERRRIHESSE: i ng by fetting ab shown in
e el o3 (Phanhat BT8R SSCELAEH 3115 GBGD, B’ B RETLAR 1 1
) -> (500C, 50 atm) - (5 min.) -> (600C, 100 atm, 5 min.)->
(explosion-crashing) -> (200C, 1 atm) (The above explanation
is a brief expressipn of the operation sfeps. wherein in
detail, the sample is operated by arrow direction,i.e., the
sample is kept under 20°C, 1 atm for five minutes;under 205C
.20 atm for five minutes:under 50°C, 50 atm for five minutes
; under 60°C, 100 atm for five minutes; and then explosion-
crashing operation is carried out over the sample; thus the
sample is finally made under 2060. 1 atm. The above expla-
nation is to be applied to the operation steps of the Sample
B and E.)
Sample B...2 wt¥ of the above carbon black was charged
into pure water, and subjected to the fbllowing operationé |
which correspond to the operation step 1 in Figs. 4CA) to
(C). followed by explosion-crashing.
(200C, 1 atm) - (7 min.) -> (200C, 100 atm) - (8 min.
)

-> (600C, 100 atm, 5 min.) -> (explosion-crashing)

Sample C...2 wt¥% of the above carbon black and 3 wt%



22 lation punp P4 which has a pressure-resistance to a |level of 200 atm,
and a flow neter M2. Further. a line which is comunicated to a feeding
source of the supercritical solventis interposed between the valve V3 and
the punp P4 through a valve V4, a filter F1 and a conpressor punp for
conpr essi on P5. The supercritical vessel 6 is equipped with a
pressure gauge G and a thernoneter T1l. To the flow out port 39, connected
is aline 9 equipped with a heater for wAPch heating is carried out by an
external lofatedispersapdr esie changed o dntrs warker . j aed othen connect ed
to an expl osion- crashing tank 10 through a reducing val ve equi pped with
an act uatdirsp\éarsdnn avdd carmeted d®Bt for 2 hoursVbniwsimg a stirring

expl osi on-crashing tank 10, screen boards 11 are disposed at the upper

porti on, tdgbﬁ?]\Mhdéfﬁﬁif%ur.qﬂﬂgﬁglpgrtplgdéggting port 12 of the
expl osi on-crashi ng ' y
Sample D...2 wt% of the above carbon black was charged
into pure water, and then dispersion was carried out for
2 hours by using a stirring machine having four propeller
blades.
RESULTS

The above Samples A to D were left to stand still in
test tubes for 100 hours, and compared fo find the
differences as indicated in the explanatory drawing of .Figs.
8(A) to (D).

Sample A was uniformly dispersed even after 100 hours
and maintained a dispersed condition without re-
agglomeration.

Sample B underwent a slight re-aggllomeration (XD or
precipitation (Y), and a partial separation of water (Z), to

~show poor dispersed condition as compared with Sample A.

Sample C and Sample D started separation into water
and carbon black from 1 hour later to show extremely poor
dispersed condition.

Further, the roughness of the sample was measured by

using a grindometer (JIS-K5400) (JIS=Japanese Industrial



nozzl e or window, and a collision plate 13 equipped with a fence is
formed at the forward portion of the jetting port 12 of the

expl osi on-crashi ng nozzle or wi ndow. As the expl osi on-crashi ng nozzle or
the Fike, to prevent the clogging by freezing, a nozzle with a heater as
used for the process for producing fine particles using a supercritical
fluid is used. 1 23 To the

expl osi on-crashing tank 10, a buffer tan% 14 is connected for recqvery of
the super Standeat)sofvénom Separ 40e80f pam tRe fdindpaosiPam t IChESudR VA G | t er
F2 and a conpressor punp for conpression P6. The buffer tank 14 is

connect ed gt gjhietapové RENPNBT et thangB ?WalwiethV&.esmatheto Sampde M to V5,
preferred is a stop valve such as a bal valve with an actuator. As the

e e e 316 1 e, 1 lostite am pargnin deon iy -, o

tank diameter of 33 ym was observed with respect to Sample C., and
the presence of particles having a diameter of 40 ym was
observed with respect to Sample D.

As is apparent from the above results, the excellent
dispersed condition can be obtained by the dispersion method
employing the supercritical state of the present invention
and the apparatus thereof.

Further, Sample E as indicated below was prepared
for the confirmation of the explosion-crashing effect
according to the present invention. |

Sample B...2 wt% of the above carbon black was charged
into puré water., and subjected to the following operations
which corfespoﬁd to the operation step 3 in Figs.4(A) to (
C), followed by mild reduction 6f pressure (namely, no
explosion-crashing was carriéd out).

(200C, 1 atm) - (5 min.) -> (200C, 20 atm) - (5min.)
-> (500C, 50 atm) - (5 min.) -> (600C, 100 atm, 5 min.) - (
60 min.) -> (200C, 1 at{m)

RESULTS

Using a particle size distribution-measuring machine



10, a storage tank (a deaeration tank) 15 is connected t hrough a -

| i qui d-feeding punp P7 and a flow neter M4. The storage tank 15 is heated
by a heating jacket 16 equi pped with a tenperature controlling neans. The
di spérsion is stirred and m xed by a stirring machine 17. The storage
tank 15 is equipped wth a thernoneter T2. Further, if desired, at the
upper portion of the storage tank 15, a 3Recovery apparatus which

comuni cates to the buffer tank 14, (g be prOV|ded for the recqovery of
the unrectisdngda ldghdr sciattitedli ngoimedno ks lersare MirgTnn s¥e i Madedi on.
To the dispersion material controlling tank 3, nedium di spersing

machi ne 5 PROKTO0OS, ! imaalu ferstamted, by Kastoki Ka istees S enps b KK figy and
storage tank 15, prOV|ded are di scharge ports each equi pped with a val ve,

18, 19, 2G carbon black in ezch
di schar gi ng etz?‘re (ﬁll ng O{equqloﬁs bel}telo?‘n OFfurElher the d

of the above-mentioned Samples A to D and in the dispersion
of Sample E was measured, and the results as indicated in
Fig.9 were'obtained. As is apparent from the results of
measurement, Samples A and B obtained by the explosion-
crashing shows highly uniform particle size distribution as
compared with Sample E, whereby the effects of the
~explosion-crashing were confirmed.

According to the present invention as constituted
above, the dispersoid and solvent are mixed, and this
mixture is mixed with a supercritical fluid in the super-
critical vessel,and then the supercritical mixture is jetted
in the explosion-crashing tank for explosion-crashing. By
such a method, in a solid (fine particles)-liquid system
dispersion, the supercriticallfluid in a low density
condition (diffusion coefficient is large and viscosity is
small) penetrates into spaces of aggregate of the fine
particles or pores of the fine particles, and then the
pressure is increased to make the density of the fluid high-
(intermolecular action is large and wettability to the fine

particles is high) to accelerate the formation of primary



of tenperature obtained by the thernoneters Tl and T2, the data-of
pressure obtai ned by the pressure gauge G and the data of flow rate
obtained by flow neters ML to M4, are sent to a conputer, and subjected to
operation, and then signals are sent to the punps P1 to P7, actuaters of
the valves V1 to V5, tenperature controllers of the heating jackets 7 and
16, the heater of the line 9, etc. for cogérol of the liquid feeding rate
of each punp, the open and shut of the val the heating rate of the

j ackets aﬁdrh?@l@éSafaﬂﬂnéhﬁaftkeles. and furTheropepddi ¢educddedunds of
t he above systens w || be explained below. In the case of a solid-liquid

system { BresdhPpet? aneasen&a' AiabspheTile pRestutlds iBCartI ol Ry
ceram cCs

terra articles, soneti nes contain
vari ous t

there ar e% 8&9 beﬁsé%t ? ?f‘(?u:fgmlam?m&clgy?tt&% Jl\%&egéar{@aaéj oystem

sol ute,
for exanple, a élrophoblc liquid such as, a fattﬁUqan orgapi c agent and a
monorer, dAdE&)M | eﬁﬁmﬂq@|Je§$§ﬂ&mdﬁskﬂ¥&kQﬁﬂﬁ&9 VT e Rl ute

for disperS|on|nsqubIe in the organi c sol vent such as a fatty, an
organi ¢ ageiggdnther atdnamaf.tesudthea dispersion is unlikely to take

place. Purther, in a liquid (dispersoid)-liquid (water)
system dispersion, by using a high solubility under a
high density condition, the supercritical fluid is
dissolved into the droplets of dispersoid present in the
liquid (water) (in some case. a homogeneous condition of -
water-dispersoid-supercritical fluid),and then rapid reduc-
tion of pressure is carried out (release to atmospheric
pressure)to rapidly reduce the density (the volume is made
large), whereby the dispersion is accelerated and re-
agglomeration is unlikely to take place. In the case of a
slurry having a high viscosity,the introduction of above
supercritical fluid can remarkahiy reduce the viscosity, by
which the jetting from the nozzle or the like is made for
easy crashing and dispersion.

Purther. the operation for accelerating the wetting
of the surface of the solid particles or the inside of pores
with the supercritical solvent and for the formation of

dispersed condition of primary particles, can properly be



di spersoid is mxed with a solvent such as water or an organi c sol vent,
and if desired, with an agent (a dispersant

25 for accelerating the dispersion of fine particles or a soluteor a
surface nodifier for inparting various functions to the surface of fine
particles, a coating agent, etc.). and then adjusted to a desired
concentration for a liquid- |ike dispersjon (a slurry or an enulsion). At
this stage, the above valves V1, V2 and V4 are cl osed, and the valves V3,
V5 and Vepsde wpemetiomputer contfobnbytseleat vrgvihesoppémes (the val ves Vi
and V2 are closed, and the valves V3, V5 and V6 are opened),a super-

critical égéVQﬂioﬁuﬁbuEE 68" bre feapefetueehahdneressarsub- By suchute for
Freon, is ted to the supercritical vessel 6, expl osi on-crashi ng tank 10,

buffer tan nd Lk S biWtent I RaernRaly i h by the
supercritptgéétg' thPEnbE¥EmprBvedSd?Sheryitnt BEn' BecptdiAe® IR e
collision portion of the explosion-crashing tank at the time
of releasing to the atmospheric pressure, and further the
supercritical solvent can be recovered for recycling,

whereby resources-saving type dispersion system can be

obtained.



sol vent. After the substitution treatnent. the valves V3 to V

6 are al ves V1 and V2 are opened. The di spersi on

mat er |m|mml"llmmmnmg| on material-controlling tank 3 is fed to the
medi umdi spettsi hg frachine 5 by the punp P2, and m xed with a

di spersoi da sol vent and an agent into a nore uni formcondition (if

di spersion material is already di sperged in a sufficiently uniform
condition by the stir- ring within thé~di spersion material-controlling
tank 3, tWieat isvecliaimed si®rsi ng machine 5 and the ones acconpani ed there-
26 with such as a discharge port for discharging the washing liquid 19, a

CRarged (mio" P BT perIon, geltoeqislfgre puserrddiapmsuaths oo, I
LA, BUr it e | SRS e REm ok VB b1 B igthaag i u e valve

solvent into a supercritical vessel, feeding a supercritical
solvent into the sypercritiéal vessel, heating and compress-
ing the supercritical solvent to convert it from a gaseous
phase state to a supercritical fluid, mixing the mixture
and the supercritical fluid in the supercritical vessel,
then introducing the supercritical mixture of the mixture
and the supercritical fluid to an explosion-crashing
tank, to release the supercritical mixture to atmospheric
pressure and collide the supercritical mixture to a
collision portion, thereby dispersing the dispersoid.

2. The dispersion method according to Claim 1, wherein
the supercritical solvent is separated from the super-
critical mixture in the explosion-crashing tank. and the
separated supercritical solvent is recovered and fed to the
supercritical vessel.

3. The dispersion method according to Claim 1, wherein
the mixture of the dispersoid and'solvent is a slurry having
a solid dispersoid suspended in a solvent such as an organie

solvent or water.

4. The dispersion method according to Claim 1, wherein



V6 are closed) and the supercrlilcal vessel 6 is filled wth the

super m]ul ﬂu)lﬂﬂ)uliﬂml To obtain the desired tenp- erature (a tenperature
mhlch the properties of the dispersoid and is not |ess
than tHe &ritichl

ténperature) and the desired pressure (at a level of

about two tines the critical pressure), the tenperature is raised by the
jacket 7 and the pressure is increased by.

he punp P5 to bring about the
supercritical state. As the above operai% an optimum operation for the
di sper soi dheomia t urecatfed hies dispreirsd iduta nds sa»dpne;melcs Vil reRekpleat to the

above-nentioned Figs.4 to 5. Further, the valve V4 is closed and

the val vehg%ing a ldranied.tyjle tsvlutie rmjsxiémiemlmsa Wolwment \Suelncad/6 are.
under the closed condition, and therefore the supercritical vessel 6 is

under suc t ﬁi*& to the external side. Then, the
dispersio%qéﬁgga §5Tﬂedf d§ r.

conpresse ‘the punp P4 is jetted fron1the nozzl e
8 and the ContE"§F The dispersion method according to Claim 1, wherein

the mixture of the dispersoid and solvent is a slurry having
solid and liquid dispersoids suspended in a liquid solvent.

6. A dispersion method using a supercritical state,
which compriées introducing a supercritical fluid into a
mixture of a dispersoid and a solvent to reduce jhe vis-
cosity, jetting the reduced viscosity mixture from a pore
under reduced pressure, imparting the dispersoid a volume-
expansion action,a high shearing action and an impact action
to crash and disperse the dispersoid.

7. A dispersing apparatus, which compriseé a super-
critical vessel having a feeding portion for charging a
mixture of a dispersoid and a solvent, a feeding portion for
charging a supercritical solvent and a flow-out port: a
heating and compressing means for converting the super- |
c;itical solvent within thé supercritical vessel to a super-
critical fluid; a stirring means for stirring the super-
critical mixture of the mixture and the supercritical fluid-
in the supercritical vessel; an explosion-crashing tank

which is connected to the flow-out port of the super-



27 within the supercritical vessel 6 are stirred by a jet flowto

accel ' eI ON. Then, the valve V3 is closed and the
val veﬁlmﬂullmuﬂuﬂgﬁlﬁhe val ves V1, V2, V4 and V5 are under the cl osed
condittorm) two jmetsthe dispersion into the explosion-crashing tank 10
through the jetting port 12 such as an expl osion- crashing nozzle or an
expl osi on-crashi ng wi ndow. The dispersi% operation is further progressed
by the explosion- crashing effect of theé expansion of the supercritical
sol vent oerbyicat vessedi andabasnat iendisgl mogitod oF) éfteéeaédlﬁigpS@& with a
fence 13 (a countercurrent collision my be used). Since the above effect
of progresgpogcerh¢idadpmigitare dot atmosphes iwi tpressdust:iand &f stodagessure
in the super- critical vessel 6, the jetting of the dispersion is carried

out until thiag PHPSHoe ing e iepeys!i oncabiasired eMeltiy explidwion-
supercritical state while nonitoring the pressure in the vessel 6.

In the ex%r%%mgakg&%%m.ng tank 10, the supercritica

8. The dispersing ahparatus according to Claim 7,
wherein a buffer tank for recovering the supercritical
solvent separated in the explosion-crashing tank is
connected to the explosion-crashing tank and the buffer tank
is connected to the feeding.portion for feeding the super-
critical solvent of the supercritical vessel.

9. The dispersing apparatus according to Claim 7,
wherein a preliminary mixing apparatus for preliminarily
mixing the dispersoid and the solvent. is conﬁected to the
feeding portion for feeding the mixture of a dispersoid
and a solvent of the superbriticaL vessel.

10. The dispersing apparatus according to Claim 7,
wherein the heating and compressing means is operated s0
that the supercritical solvent is converted from a gaseous
phase state to a supercritical fluid. |

11. The dispersing apparatus according to Claim 7,
wherein the stirring means comprises a nozzle disposed
toward the inside of the supercritical vessel and a

circulating pump for circulating the supercritical mixture



sol vent is vaporized fromthe di spersion for separation. The

supel(rlﬂluﬂ" leHﬂMim spl ashed at the section of the screen boards 11,
ower portion of the explo- sion-crashing tank 10,

and conpresse

W th a conpressor punp P6 through a filter F2, and
recovered and stored in a

28 liquid
sLatebmﬁthin t he buffer tank 14, and them&ecycled as nentioned bel ow.
The abov e g In the
st orage tgﬁﬁﬁﬁ 6&te§{ ﬁ%é QEBQ?F?é gé? %eﬁ§%ﬁ %%kgpelé to evaporate t he

unrecover ed super r at

I f
concentration of fé @Psﬁé?gﬁ\fg%g 8[?@%53#&%1?%1%&;&1)1'&?%& djlyaml'he val ve

V3 and V6 are closed and the valves V1 and V2 are opened to fj|| t he
vessel 6 wheneinetbespéitrdngsmennsahas At rasom GRARSTA FIg t he next

cycle. In this case,
means disposed at the supercritical vessel to apply
ultrasonic wave in the supefcritical vessel.

18. The dispersing apparatus according to Claim 7,
wherein the stirring means is a vibration plate or rotation
blades disposed at the supercritical vessel which is
actuated by an electromagnetic coil provided at the external
poffion of the supercritical vessel and a shifting magnetic
field generated by the electromagnetic coil.

14. The dispersing apparatus according to Claim 7,
wherein the explosion-crashing tank comprises a collision
portion to which the supercritical mixture is collided.

15. The dispersing apparatus according to Claim 14,
wherein the jetting port for jetting the supercritical
mixture disposed at the explosion-crashing tank is an
explosion-crashing nozzle, and the collision portion is
arranged vertically to the nozzle.

16. The dispersing apparatus according to Claim 14,
wherein the jetting port for jetting the supercritical
mixture disposed at the explosion-crashing tank is an

explosion-crashing window, and the collision portion is



when the filling of the supercritical solvent is conducted, the valve V5
i's opemmlmmuﬂ I the valves V1, V2, V3, V4 and V6 in a closed
condi t 1 Bk A the super- critical solvent in the buffer tank 14
i s used, and then the valve V5 is closed and the valve V4 is opened to
feed the supercritical

sol vent for supplenent of shortage.
EXAVPLES Usi ng car bon di oxi de 29 a supercritical solvent,

experine £ ar, «dis rsi ar, 3K 3 B windewuf act ured by
Ket chen %&Z@&lgler(}t elilﬁg)t i%oﬁgﬁlﬁK. : rlhlr?taaf)l pure t)Lq{Iwat ermv\[/lere carried out to
obtain the follo

above carbon bl aﬁlﬁ]ma{pﬂiaf%peeés‘tiong ap[fiaratus accmﬁ& &'Cl?a%%?'c’f ‘e

29
into pure water, and subjected to the fol] owi ng operations,  whjch
corresporvﬁletr(elﬂheﬂtﬁae.‘readmﬂ et Forn Feking A Qos‘épetﬁl,'l'thLV\ed by

expl osi on-crashi ng.
mixture disposed at the explosion-crashing tank is a pair of
nozzles oppositely disposed to collide the supercritical
mixture each othér. the nozzles constituting the collision -
portion.

18. A dispersing apparatus which comprises a jetting
port having a pore from which a mixture of a diSpersbid and
a solvent, ha&ing a supercritical fluid introduced there-
into for reduction of a viscosity,is jetted under a reduced
pressure,and a collision portion for imparting an impact to
the dispersoid jetted from the jetting port.

19. The dispersing apparatus according to Claim 18,
wherein the collision portion is a collision plate arranged
oppositely to the jetting port.

20. The dispersing apparatus according to Claim 18,

wherein the collision portion is a countercurrent collision

portion at which a pair of dispersoids are jetted oppositely

and collided each other.



(200C. 1 atm - (5 mn.) -> (200C, 20 atnm) - (5 mn. ) -> (500C. 50 atm -
(5 mn.}J -> (600C. 100 atm 5 min.)-> (explosion-crashing) -> (200C, 1
atm (The above explanation is a brief expression of the operation steps,
whereéin in detail, the sanple is operated by arrow direction.i.e., the
sanple is kept under 20[err]C, 1 atmfor #Dve m nutes;under 20[err]C ,20
atmfor five mnprsprrsioN BEraob anpSP1sPEREING' ApeaARMPUECEsINGUNder
60[err]C. 100 atmfor five m nug@sgr 1ERD $xpp@si on-  crashing operation
is carried out over the sanple; thus the sanple 1s finally mde under
20[err]C, 1 atm The above expla- nagsepacs to be applied to the operation

steps of the Sanple B and E.) Sanmple B...2 w% of the above carbon
bl ack was char ged into pure, water, and subj ected to the fol | ow ng :
operations  which corresph 1$Bef§é08p@ﬁ&hpﬂnf§fepn1 oxmtyg i spEA)s imeg

(©), followed by explosion-crashing. (200C, 1 atm - (7 mn.) ->

(200C, 100s@kig or (Biguid fipe paptiedes inoa sohveatmby utilizing a
(expl osi on- crashi ng) _
supercritical fluid, and a dispersing apparatus thereof.
A dispersoid of a solid, a liquid or the like is mixed
with a solvent, and this mixture is fed to a supercritical
vessel. A supercritical solvent is then fed to the super-
critical vessel. This supercritical solvent is heated and
compressed to a level of higher than the critical
temperature and the critical pressure to convert it to a
supercritfcal fluid. Then, the mixture and the supercritical
fluid.are stirred and mixed. The obtained supercritical
mixture is released fo atmospheric pressure in an explosion-
crashing tank. By such an operation, the dispersoid is

efficiently dispersed in the solvent.

Figure 1



Sample C...2 wm % of the above carbon black and 3 wt %
30 of a dispersant were charged into pure water. and then dispersion was
carried out for 2 hours by using a stirring nachine having four propeller

bl ades. Sanple D...2 wt % of the above carbon bl ack was charged into
pure water, and then dispersion was carried out for 2 hours by using a
stirring machi ne having four propeller bl ades. RESULTS

The above Sanples Ato D were left to stand still in test tubes for 100
hours, and conpared to find the differences as indicated in the

expl anatory draw ng of Figs. 8(A) to (Byi11 Sanple A was uniformy

di spersed even after 100 "hours and nmai ntai ned a di spersed condition
wi t hout re- aggl oner ati on.
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Sanmpl e B underwent a slight re-aggllonmeration (X) or precipitation (Y).
and a partial separation of water (2). to show poor di spersed condition
as conpared with Sanple A Sanmpl e C and Sanple D started
sepafation into water and carbon black from1 hour later to show

extrenmely poor di spersed condition. Further. the roughness. of
the sanpl e was neasured by

using a grindoneter (JIS-K5400) (JI S=Japanese
| ndustri al 3 1 Standard) of fromO
umto 50 um to find no particles havin

g a dianeter of not nore than 5 um
Wi th respect to Sanple A and Sanpl e B,2Ah

breas the presence of particles
having a dianeter of 33 umwas observed with respect to Sanple C. and the

presence of particles having a dianeter of 40 umwas observed with respect
to Sampl e D As is apparent fromthe above results, the excellent
\2)

(D)

N s S A R

1

)

' A N S S RN '

F
(C)

k)

43

R e O G S S

A S
G HIRE | 2
g Fey)
o, oS%h e §

Rt | &
AN I




di spersed condition can be obtained by the dispersion nethod enploying the
supercrltlcal state of the present invention and the apparatus thereof.
Further, Sanple E as indicated bel ow was prepared for the confirmation of
t he expl osi on-crashi ng effect according to the present invention.

Sample E...2 wt% of the above carbon bl ack was charged into pure water,
and subjected to the foll ow ng operations whi ch correspond to the
operation step 3 in Figs.4(A) to ( C, followed by ml|d reduction of
pressure (nanely, no expl osi on-crashin ms carried out).

(200C, 1 atm - (5 mn.) -> (200C, 20 at% (5mn.) -> (500C, 50 atm
- (5 mn.) ->(600C, 100 atm 5 mn.) - 60 mn.) -> (200C 1 atm

RESULTS Using a parti C|# ,z é s'ébut i on- neasuri ng machi ne

(A) - (B)
30 3
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32 using a light scattering nethod (Laser M cronsyzer, Mdel PRO 7000S.
manuf act ured by Kabushi ki Kai sha Sei shin Kigyo), the particle size

di stribution of the carbon black in each of the above-nentioned Sanples A
to Dand in the dispersion of Sanple E was neasured, and the results as
indicated in Fig.9 were obtained. As is apparent fromthe results of
nmeasur enent, Sanples A and B obtai ned by the expl osion- crashing shows
highly uniformparticle size distribution as conpared with Sanple E,
whereby the effects of the explosion-cyaghing were confirned:

According to the present invention as constituted above, the dispersoid
and sol vent are m xed, and this mxture is mxed wth a supercritical
fluid in the super- critical V?Eé!j@t@ the supercritical mxture is
jetted in the expl osion-crashi tdn or pl osi on-crashi ng. By such a
methodin a solid (fine particles)-liquid system dispersion, the
supercritical fluid in a |low density condition (diffusion coefficient

IS
| arge and viscosity is | l) penetrates into es of aggregate of the
fine %T&;S ' (?ifs
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particles or pores of the fine particles, and then the pressure is

i ncreaséd to nake the density of the fluid high (i nternol ecul ar action is
| arge® and wettability to the fine particles is high) to accelerate the
formati on of primary 33 particles
of fine particles, and further rapid reduction of pressure (release to

at nospheric pressure) is carried out to nake the density of the fluid
smal | (the volune is made |arge), whergpy, effective dispersion can be
carried out and reaggloneration after the dispersion is unlikely to take
pl ace. Further, in a liqui dispersoid)_liguid (uater) system dispersion,
by using a high solubilityjunder a high densit di tion, the
supercritical fluid is digsolved Bnto the drof fl7of di spersoid present
inthe liquid (water) (in}some case, a honog condition of

wat er - di spersoi d-supercritijcal flufgd), and tje reduc- tion of

pressure is carried out ggfleage t @cat nosphiefi N >
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pressure)to rapidly reduce the density (the volune is made |arge), whereby
the dispersion is accelerated and re- aggloneration is unlikely to take
place. In the case of a slurry having a high viscosity the introduction of
abové supercritical fluid can renmarkably reduce the viscosity, by which
the jetting fromthe nozzle or the like is nade for easy crashing and

di spersi on. Further, the operation for accelerating the wetting
of the surface of the solid particles OF Eﬂe i nsi de of pores with the
supercritical solvent and for the form { of di spersed condition of
primary particles, can properly be .

34 made by a conputer contfol by selecting the/f
the tenperature and pressufe. By guch effectg
can be provided by the collisiongportion of/t
the tine 8o

ifBum operation route of
;Eher i mproved di spersion
#4pl osi on-crashi ng tank at

(C)
high press.
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of releasing to the atnospheric pressure, and further the supercritical
sol vent “can be recovered for recycling,

r wher eby resources-savi ng type
di spersi on system can be obtained.

35 What is clainmed is: 1. A dispersion nethod using a
supercritical state, which conprises feeding a m xture of a dispersoid and
a solvent into a supercritical vessel, feeding a supercritical solvent
into the supercritical vessel, heating &¥dlconpress- ing the supercritical
solvent to convert it froma gaseous phase state to a supercritical fluid,
m xing the mxture and the supercritical fluiddngthe supercritical

vessel, then introducing the supercritical rpe-e—a 1 xture and the
supercritical fluid to an expl osi on-crashing

se §he
supercritical m xture to atnospheric pressur he 5
supercritical mixture to a Ac.g
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collision portion, thereby dispersing the dispersoid. 2. The
di spersion nmethod according to Caim1, wherein the supercritical solvent

is separated fromthe super- critical mxture in the explosion-crashing
tank, and the separated supercritical solvent is recovered and fed to the
Supercritical vessel. 3. The di spersion nmethod according to C aim
1, wherein the m xture of the dispersoid and solvent is a slurry having
a solid dispersoid suspended in a solvent such as an organic sol vent or
wat er . 4. The dispersion nethod according to Claim1l, wherein

36 the nixture of the dispersoid @ht solvent is an emulsion having a
liquid type solute suspended in a solvent such as an organic solvent or
wat er . 5. The di spersion nethod according to Claim1. wherein




the m xture of the dispersoid and solvent is a slurry having
liquid dlsper50|ds suspended in a liquid solvent. 6. A dispersion
met hod using a supercritical state, which conprises introducing a
supercrltlcal fluid into a mxture of a dispersoid and a solvent to reduce
the vis- <cosity, jetting the reduced viscosity m xture froma pore under
reduced pressure, inparting the dispersoid a volune- expansion action,a

hi gh shearing action and an inpact action to crash and di sperse the

di spersoi d. 7. A dispersing appa®aAllus, which conprises a super-
critical vessel having a feeding portion for charging a m xture of a

di spersoid and a solvent, a feedlno charging a supercritica
solvent and a fLom#out port a

solid and

o NOr essi ng neans for
converting the gyper- critical— oI the supercritical vessel to
a super - critigal fluid; a stir Nsti®ring the super-

[ f|UId

critical m'xturgof the m xture a in the

supercritical vegssel; an expl osion- qr
the flow out porg of the super-
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37 critical vessel and has a jetting port for releasing the supercritical
m xtuke“to atnospheric pressure;and a storage tank for storing a

di spersi on obtained in the explosion- crashing tank. 8. The

di spersi ng apparatus according to Claim7. wherein a buffer tank for
recovering the supercritical solvent separated in the expl osion-crashing
tank is connected to the expl osion-crashing tank and the buffer tank 1is
connected to the feeding portion for feeding the super- «critical solvent
of the supercritical vessel. q.0/Me di spersing apparatus
according to Claim7, wherein a prelimnary m xing apparatus for
prelimnarily m xi ng the dispersoid and the solvent, is connected to the
feeding portion for feeding the m xture of a dispersoid and a sol vent of

t he supercritical vessel. 10. The di spersing apparatus according
to daim7,

(D)

(C)

FIG 8




wherein the heating and conpressing neans is operated so that the
supercditical solvent is converted froma gaseous phase state to a
supergritical fluid. 11. The di spersing apparatus according to
Claim?7, wherein the stirring means conprises a nozzle di sposed

toward the inside of the supercritical vessel and a circulating punp for
circulating the supercritical m xture

38 flown out of the supercritical vessel to the nozzle. 12. The

di spersi ng apparatus according to Clain1]1 1?/herein the stirring nmeans has
an ultrasoni c-generating neans di sposed a{ he supercritical vessel to
apply ultrasonic wave in the supercritical vessel. 13. The

di spersi ng apparatus according to Caim?7, wherein the stirring neans is a
vi bration plate or rotation blades disposed at the supercritical vessel
which is actuated by an el ectromagnetic coil provided at the external
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portion of the supercritical vessel and a shifting—ragrmetl |

generated by the el ectromagnetic coil. 14&H¥ﬂ§§%ﬁﬁﬁﬁ _~3
apparatus according to Claim?7, wherein the expljosfon- crashing tjank
conprises a collision portion to which the superfr tgﬁg oV 19991 9 ils

col | i ded. 15. The di spersing apparatus a,c rding to C aijm|14,
wher®in the jetting port for jetting the upercrit M Xtar e ;ﬂposed

at the.expl osion-crashin S an | osi on-c ashlng nozzl e, d t he
col I'i sion @oﬁﬂqﬂ$QEﬁurEéhéw®% V%F?ﬂcally to the NMozzle. 16.
- The di spersing apparatus according to Caim 14, wherein the Jettlng port

for jetting the sudbrgsi t4€A) to &(C)usbowi opesadian medltespiod sileMPETashi ng
tank is an expl osi on-crashi ng wi ndow, and the collision portion is

39 arrangedtufécaEHSEﬁEsﬁoherf0§ltherprb@arhelwmnﬁdwa supercrlthaIThe
di spersing apparatus according to Caim?7,

state from a supercritical solvent which is in a-gaseous

state at room temperature and ordinary pressure. Fig.4(A)
shows a step for temperature-pressure operation. Fig.4(B)
shows an_illustration in a density-pressure isothermic chart
in the step for temperature-pressure operation. Fig.4(C)
shows an illﬁstration in a density-temperature isobar

chart in the step for temperature-pressure operation.

Rigs. 5CA) to 5(C) show operation routes of tempera-
ture and pressure for the preparatioﬁ of a supercritical
state from a supercritical solvlent which is in a liquid
state at room temperature and ordinary pressure. Fig.5CA)
shows a step for temperature-pressure operation. Fig.5(B)
shows_an'illustration in a density-pressure isothermic chart
in the step for temperature-pressure operation. Fig.5(C)
shows an illustration in a density-temperature isobar
chart in the step for temperature-pressure operation.

Figs. 6(A) to S(D)'show dispersion methods for a
liquid-liquid system according to the present invention.
Fig. 6CA) is an explanatory drawing showing a step for

charging an emulsibn. Rig.6(B) is an explanatory drawing



wherein the jetting port fbr jetti‘-.'n.g t 'he super cntd dieng sposed at
t he expl osion-crashing tank is a pait of nozzl BEEQEMMS g psed to
collide the supercritical mxture each other. tlhg nozzl es consti futing the

collision portion. 18. A di spersing appar ap@NOWi 1987 cqmiri ses a
jetting port having a pore fromwhich a m xturle jof a di spersoijd {and a
sol vent, having a supercritical fluid introduced| there- Into for
reducti:on of a viscosityis jetted under aildeduce pressure. an :
col | i si on yertdran ifcd] ismerd i itomra | g@pet ck Pt i chliesdilyearts ahd chetitsed of r om
the jetting port. 19. The di spersing apparatus according to Caim
- 18, wher ejn. 1 | Si i | | bSO l; I

opposi telayeéta(r}et(ﬂ'gS %4q€g£€of€6ﬁ Pé]mbérétﬁ%. h@ﬂegéfdég’?? [ r?grg apparedt us
. according,fo ﬁmlB whﬁrei th? col lision portion is a _caountercurrent
collisio 1€-p‘§¢ oHa¥S i S heR ﬁarr SF‘PSFQ;SS@F@aiPJ&s&r“J“] SRS sitely
and col |l i ded each ot her. . .
Fig.4(B) shows an illustration in a density-pressure iso-

thermic chart in the step for temperature-pressure operation-
Fig.4 (C) shows an illustration in a density-temperature

isobar chart in the step for temperature-pressure

operation. The thick solid lines in these drawings

indicates various operation steps.

In the above drawings, the operation step (1)
indicated by a route number 1 -> 2 -> 5 shows a change from
a gas to a liquid by the route 1 -> 2, and a change from a
liquid to a supercritical fluid by the route 2 -> 5. With
respect to the relation between the state of the phases and
the dispersion of the solid particles in this case, when the
line crosses the gas-liquid equilibrium range, the surface
of particles is wetted with a liquid, whereby the super-

critical fluid hardly impregnates into narrow spaces or the

like of such wetted particles. As a result, the impregnation

of the supercritical solvent into the spaces of aggregate
of solid particles or the pores of solid particles,
is mainly carried out by molecular diffusion by the solvent

such as an organic solvent in the slurry., and if the super-
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whereby most preferred conditions for dispersion of the

solid particles can be selected and the dispersion
operation can be carried out in a short period of time. As
the control of the dispersion in a solid-liquid system, for
example, firstly the density of the supercritical fluid is
made low for easy impregnation, and fhen the pressure is
raised to make the density high for increase of the
wettability, followed by the release of the fluid to
atomosﬁheric pressure in the explosion-crashing tank.
Figs.5(A) to 5(C) show operation routes for the
preperation of a supercritical state from a supercritical
‘solvent which is in a liquid state at room temperature and
ordinary pressure. Like Figs.4(A) to 4(C)., Fig.5(A) shows a
step for temperature-pressure operation, Fig.5(B) shows an
illustration in a density-pressure isothermic chart in the
step for temperature-pressure operation,and Fig.5(C) shows
an illustration in a density-temperature isobar  chart in
the step for temperature-pressure operation. As the
operation steps in such cases. as indicated by the route 1 -
>2 -> 8 or the route 1 -> 4 -> 8,firstly the temperature is
raised to a level higher than the critical temperature to
carry out the transformation of the supercritical solvent

from a liquid to a gas. and then pressure operation is



