Specification MIXING DEVICE AND SLURRYING DEVICE Technical
Field The present invention relates to a mixing apparatus for mixing fine
particles and liquid. Background Art Lime slurry obtained by mixing
quicklime or slaked lime and water is widely used for industrial purposes
such as elimination of acidic gas and neutralization of wastewater.
Moreover, use of slurry obtained by mB&f¢ firsa pasticles of magnesium
hydroxide, magnesium oxide, calcium hydroxide or the like with water as

exhaust gas desulfyrizatio : t, tewater neutralizer or the like
Ml%%d\s& o?pgg)’ft(%}n‘avﬁ REbEN&td B ¥ MeEired

is known. Further, metho
crystal system showing superior physical properties as a paper coating

materialdanysing stiakedilime slurry as a raw material are described in
Japanese Pategt Publication (KOKOKU) No. 55-51852 and Japanese

Patent No. 2708388 {\isaH shIFFR T e b mixingdine pariiglesof ratus
quicklifime; stakech imeiorthenlike anddicurid suchaswater, a method of
directly charging fine particles into a dissolution tank storing liquid such

as water from an upper part of the tank is usually used. In this method,

when fi'HrGERE dretcharged into the dissolution tank, fine particles fly

and terribly spiead amund,asdsts. dhgpelpis,the djssolytion tank is rod
ge size dust collecting filter apparatus is usuﬁﬁ)‘? ¢

usuallyi%eealgdaand@ lar |
provided on'the dissdittion Rk At thé Sathe e r wepiracd therdpstses such

and cofleétlig therhion adfilterc1 Ns:desceribed: above -inthe-methods-of

dWecwﬁsﬂunggkﬂneﬂE%H@E@rP98§9585ﬁ§3@§¥§qo‘%ggﬁgé by mixing
fine particles of magnesium hydroxide, magnesium oxide,
calcium hydrexide or the like with water as exhaust gas
desulfurization adsorbent, wastewater neutralizer or the
like is known. Further, methods of producing calcium
carbonate of a desired crystal system showing superior
physical properties as a paper coating material by using
slaked lime slurry as a raw material are described in
Japanese Patent Publication (KOKOKU) No. 55-51852 and
Japanese Patent No. 2706384.

When slurry is produced by mixing fine particles of
quicklime, slaked lime or the like and liquid such as water,
a method of directly charging fine particles into a
dissolution tank storing liguid such as water from an upper
part of the tank is usually used. In this method, when

- fine particles are charged into the dissolution tank, fine.
particles fly and terribly spread around as dusts.
Therefore, the dissolution tank is usually sealed, and a
large size dust collecting filter apparatus is usually
provided on the dissolution tank at the same time to

aspirate the dusts and collecting them on a filter.



producing dusts, a dust collecting filter apparatus of a large size is

required, and at the same time, the filter is prone to cause choking, which
requires frequent maintenance operations such as washing and

exchange of the filter. Moreover, the methods also have a problem that
aggregates of fine particles contact with and adhere to a sidewall of the
dissolution tagk witheutikeingsempletely dissolved pbddispersadcaind v

thus sq-called scales are prone, to beg)ormeq. A p%henqlmenon that

aggregAtdd bPfind PAFIERE that E3nnBF Ba-FiSsSIVed or digSerist FEmaih

in slugrydadiformdlodtings aggregatesds hlsa likely td bttor. Japsuresais of a
Patery Fuplicalion (KOKQKH)LNe. %5013 diaelosena IINGne i1 ter is

apparatus for preventing dusting upon charging of fine particles into

wate R TR skfryfid SEpFart s has 4 SilryF SBRGE tanic AU lups/fg enance
tank sgering water andiconneciet tathe:sliry:sinmge tark feen theside
theregf. In the slurrying tapk, a fine particle feeding pipe is inserted from -

tho WA S Ao, i P e it fEshed e R G L N og GF g2t es
bottont. Fineeparicids-aresconveyed byiths finechadblerfedding pigelewi 1 of
being.gppligd; with pressure andJnierted info water Jfrpruthe endaf e veq or
pipe. The fine particles are thereby mixed with water in the neighborhood

of th&bBRBATEFthe SurinGg SAKEd fithsSSiarnet. B dBEeRbed Advelormed-
this Apparatusds characierized e ghatcthecdustingecarmbeislippressed lypnnot

mixing. the.fin rticles a { om.of, iscl e .
the I?\%er%osns%\g%ee(gc%r%eggasgg\%ge? rrt?egtrﬁgg%f%}fre%\ggﬁ%%i%ngﬁi%&e gﬁoatlng

parti@egiRtRa MWssotufdiF tark Fédwirda&iger 2 sized dust collecting

filter apparatis, anelstbus=arrappanaius:toribe metwackivecemesdamgm 3

MOﬁg?gglgE%%u%Fslurrying apparatus for preventing dusting upon
charging of fine particles into water. This slurrying
apparatus has a slurry storage tank and a slurrying tank
storing water and connected to the slurry storage tank from
the side thereocf. In the slurrying tank, a fine particle
feeding pipe is inserted from the water surface, and the
end thereof reaches the neighborhood of the bottom. Fine
particles are conveyed by the fine particle feeding pipe
with being applied with pressure and injected into water
from the end of the pipe. The fine particles are thereby
mixed with water in the neighborhood of the bottom of the
slurrying tank and thus slurried. As described above, this
apparatus is characterized in that the dusting can be

suppressed by mixing the fine particles and water at the

bottom of water.

. Disclosure of the Invention
As described above, a method of directly charging

fine particles into a dissolution tank requires a large



maintenance operations for the dust collection filter apparatus are

required, cost for the maintenance is required. Furthermore, it has also

the problem that fine particles that are not dissolved or dispersed are

likely to remain and form scales or floating aggregates. On the other
sihand, theaforementionedrsiurrying tapparatusdiselased inajapaneses an

ublication.No. 5- 13 requires installation qf a slurrying tank

D iy e e e e B e
maaBpaFEtIS DecomRE dargednd fetjuirestost forthe installation.Morebverer

apphendhe slupdng tankis eperated cand themstopped, fiRe particlesce  is
rer%rp%gléng &Q@ eggmcgrinsidletof %hesfinelparticéglfeedip %ge contact with
Water and thersfore Seales ard likely to be formed at”these Sites; Which - ¢
Pafidyceausea problam intlie AexE opetdtion. Embodiments of thelpresent to
relention seek.tp providea small size mixing,apparatys;that can slurry
fine particles without requiring cost for maintenance. In accordance with a
first@%peétrbef the’présent ivehtion Hhere & 5t65idRE E fitkiAg apparaitsnd
apformixing padiclessand liquidjavheres:the apparatus.ecompasesn No. 5=

356ylindrical.body. having alowey opening and an UpREY, oRENINGg, e ¢,

cylindrical body having an inner wall surface defining an interior extending
thglofgaidehtral-aXis aRd riing &86nidal pbRichtwithld diafietet whichbLem
thdecreases b the direction-taward the lewer-opening fremsthe pperor the

ey B bantoeas B ELicH et ope g rbotied Shiar Upper Siec?
angf theYlindFicaPrsedy for ifjetiiy telkguid e pefiplieraldirdetiorros  or
inthesianes 13 walksurface:of the-eylindsicaf bedy inorderte makgthe - yi<n
water, and therefore scales are likely to be formed at
these sites, which may cause a problem Iin  the next
operation.

Embodiments of the present invention seek to provide a
small size mixing apparatus that can slurry fine particles
without reguiring cost for maintenance.

In accordance with a first aspect of the present
invention, there is provided a mixing apparatus for mixing
particles and liguid, wherein the apparatus comprises:
cylindrical body having a lower opening and an upper

opening, the cylindrical body having an inner wall surface
defining an interior extending along a central axis and
having a conical portion with a diameter which decreases in
the directlon toward the lower opening from the upper
opening, wherein the upper opening serves as a charging
port for charging the particles; a liguid feeding opening
provided on an upper side of the c¢ylindrical bedy for

injecting the ligquid in a peripheral directicn on the inner



liquid fall along the inner wall of the cylindrical body while swirling in a
vortex; a particle charging pipe communicating with said upper opening,
having a central axis aligned with the central axis of the cylindrical body
and charging particles into the cylindrical body along a path extending

wa alonguhéaxentralfaxis:ef the Icytiddricall body] froimtheparticleé chamging the

11 5pgdo the lower gpening, Of the, cylindgeal body; a.dispersing pipe . peay
connected to the lower opening of the cylindrical body; and disposed in |
whééfes A0y thefcentral akis i theSdispersing’pipe: at YeasttiviistagesofPe
coﬂ@&persiagjbﬁﬁrdsﬁqhdimsjnglgmepartigl@ﬁ:hmme Iiﬂui@l:;ze@cha_ central
axJISPENSING board being formed, of a plutality of tabular %‘eﬂ%%f?ﬁn(’? Wy

a cruciform arrangement. In accordLance with a second aspect of the
anpre§eAt FVEhtien therd isSprovided &'sfurryinglapparatus f&rdlurringro 2
paparticlesand iquidiby, mixing,and-storing]. slurry.avherein;the apparaiys cal
boéomp?ses atsrlll%;%&%tg%%%etank and a mixing apparatus provided on the.

Hiry stofage 5Ad the mixing Hpparatus is the mixing apparatus 19
ofacecordirig torthe ifirstlagpety.; Incacdordarcel with aithird agpeetoftheto the

1oREesens,inyention, therg s proyided:a method for ixing particles,and;y  :
liquid, which comprises: providing a mixing apparatus for mixing the

Sepaftitled dntPliquid whetdintte apparattls confiprisesPs tyiindrical b6dy **

1 ehaving-adowseragpeningfand iaar upperopeningdthe Cylindricalkhodyi having.e

pa@ fRnerwvall, syrface defining an inferor.extending lang a geotral axis, e

and having a conical portion with a diameter which decreases in the
of directior fowdrithellbwéPeperifg FERT $he upperdiening, whefdir thé o™
artppekepening serves as a charging port for charging the particles; a

quggeeggl rdance with a second aspect of the present
invention, there 1is provided a slurryving apparatus for
siurrying particles and 1liguid by mixing and storing
slurry, wherein: The apparatus comprises a slurry storage
tank and & mixing apparatus provided on the siurry storage
tank, and the mixing apparatus is the mixing apparatus
according to the first aspsct.

In accordance with =2 third aspect o©of the present
invention, there 1s provided a method for mixing particles
and liguid, which comprises: providing a mixing apparatus
for mixing the particles and liguid, wherein the apparatus
comprises: a cylindrical body having a lower opening and an
upper opening, the cylindrical body having an inner wall
surface defining an interior extending along a central axis
and having a conical portion with a diameter which
decreases 1in the dirsction toward the lowsr opening from
the upper opening, wherein the upper opening serves as a

charging port for charging the particles; a liguid feeding
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3a opening provided on an upper side of the cylindrical body for injecting
the liquid in a peripheral direction on the inner wall surface of the
cylindrical body in order to make the liquid fall along the inner wall of the
cylindrical body while swirling; a particle charging pipe communicating
opwithrsaid upperiepgening amd bawvng acehtrakexis-akgnedl withthecentrakiy
fo@Xisar?j Q&%QM@“C’E&Q@' _tloﬁiﬁhQcﬂi%r%ﬁ%ﬁﬁ?aﬁ@%%a%ﬂ.E%Hl?i'&‘{‘_’%n the
opening af the cylindrical body; anc;lidmlfgp(aseol3 along the centr%lgamstln the
m?ﬂls“persﬁg” pi%”éf”af: feaSz two stages of dispérsing boards for dispersing™ ¢
ththe phtticles ircthe liguidndachitispersing board beidg féfmed-ofidndrical
bopkarality of takulan members joined dnea erugiform arrangement:charging: ng
. the particles through _the particle charging pipe and along, a path . .
W%&teﬁ%%ﬁ% aﬁ‘é ég £Jax?) 3 tﬁ%egcyl?ﬁtﬁicgggé%ﬁ frf)mct rgtga%clég %hargﬁ:‘glg?eg
- Y1 pipetothe ToWwer bpéring of the-cfiirdrital body: Anda’ the sarfie it asno
pithe chargirgtkjecting ligaie inlthe=peripheral direction afthe cylindricat cat
on?gy ghwedﬂ%mhg%ﬁgthﬂl@%&%%%h;!hattths liguid, fails:
a

ong the inner wall of the cylindrical body while swirling to form a vortex,
P1BRd whitreinthé particiéare” irtfStliced into tHE REATEH oF the Vartex,  ~°7
diwhersbyithe fine patticles and therliquidarelmixeddin embddintemeofsing
bothejpresentinventien, aeyclone fype cylindrical bady havingra pad whose 4

. _diameter decreases in the diregttion tpward a Iow%r opening from an.
in g CruciIOori arranﬁamen ;- Cl%ﬁg%n&it _ paré%c ?% through
upper opéening is used, and liquid is made to fall in"the™ inside of. the

CheylirificaFBEdy-While Sirihghdetherety> aeceleFated t6 geR_FaE A along
axvertexflown Fineparticles ase cbar:ged imtocthe vardex-flow atthe centerohg
pithe flow s, as g he wrgpped, with the Mortex flow, and therepy the bofh,

are mixed. By this characteristic, fine particles may not = .
the same time as the charging, injecdting liguid in the

peripheral direction of the cylindrical Dbody in  the
neighborhood of the upper opening, suck that the liguid
falls along the inner wall of the cylindrical body while
swirling to form a vortex, and wherein the particles are
introduced intoe the center of the vortex, whereby the fine
particles and the iiguid are mixed.

In embodiments of the present invention, & cyclone
type cylindrical body having a part whose diameter
decreases 1in the direction toward a lower opening from an
upper opening is used, and liguld is made to fall in the
inside of the cylindrical body while swirling and thereby
accelerated to gensrate a vortex flow. Fine particles are
charged into the wvortex flow at the center of the £low so
as to be wrapped with the vortex flow, and thersby the both
are mixed. By this characteristic, fine particles may not
contact with the inner wall of the cylindrical body, and
therefore clogging may not occur in the cylindrical body.
Moreover, because the pressure
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contact with the inner wall of the cylindrical body, and therefore clogging
may not occur in the cylindrical body. Moreover, because the pressure 3b
around the center of the vortex flow becomes negative, and thus fine
particles may be aspirated, dusts may hardly be generated. Specifically,
artherdpparatusscar: have; famexamplesa configurationntbat aliquidifeedingnc

rn@Rening for jojecting liquid alopg the.peripheral direction of an inner wall .
of the cylindrical body is provided on an upper side of the cylindrical
JepBaEF-TRe liquid supplied from the liquid feeding opening falls while
swiring onshe-dnner, walhef thecyindtical Jbedynthe upperpasteidhes, =

c%indrica{ ibody thf?s a fine lparticllg qrzl%rgénl%openin%iﬁne particles_are._.

“CEharged from the ﬁg pgrticljégc%arglng openl%g %\%eng ‘tHe axial direction " °

Lighthé cylindrcal bodyavioreover, fofexanples thecdpparatis nfay beran ©f
chappaatusfiaving agenfigurationthat adfineparticle GRALGING-PIPE ISt the
disposed at an upper opening r]o]f the. cylindrical body, and a liquid fe dﬁingﬁ B
Y pipeis iderted ifito the GYlindricdibsdy St&R upper side Bt thé “Eylinttidar
f ebody.dT heraxiahdirection of thelfire particle: thargingtpipe issetito beli o©f
- tn@PProximately paraliel.to the jaxial direction of the cylindrigal bady.;and.; )
the axial direction of the liquid feeding pipe is set to be approximately
Sofraltéito theltihgential direcion"orthe  eflindREA Bty . fis ¢Skt e <3
araXialtditegtion of the fine=pafticle gharginglpipe-mayotdbem@ctlyg along
-nparallel to the axial. direction of the ¢ylindrical bo d it may be
hgisbﬂgsegd sc% %r%;&t%‘iﬁg pagrti(:?;‘esgcz:%ey be charlge%*to t %%E'entral position of
the &4ARBFEEFbody. @Rd tRUSHIRE particless  @pparatus may Dbe an

apparatus having a configuration that a fine particle
charging pipe 1s disposed at an upper opening of the
cviindrical beody, and a liquid feeding pipe 1s inserted
into the c¢ylindrical body at an upper side o©of the
cylindrical body. The axial direction of the fine particle
charging pipe 1s set to be approximately parallel to the
axial direction of the c¢ylindrical body, and the axial
dirsection of the liguia feeding pilipe 1is set to be
approximately parallel to the tangential direction of the
cylindrical body.

In this case, the axial direction of the fine particle
charging pipe may not be exactly parallel to the axial
direction of the cylindrical bhody, and 1t may be disposad
sc that fine particles can be charged to the central
position of the cylindrical body, and thus fine particies
should not contact with the inner wall of the c¢ylindrical
body. The axial direction of the liguid feeding pipe may
not be exactly parallel to the tangential direction of the

cylindrical body, and it may be disposed



should not contact with the inner wall of the cylindrical body. The axial
direction of the liquid feeding pipe may not be exactly parallel to the
tangential direction of the cylindrical body, and it may be disposed 4 so
that liquid can be supplied so as to swirl on the inner wall of the cylindrical
body. The aforementioned mixing apparatus may also have a
configuratign that a dis ersing}pipe is connected to the lower opening of

the cyfiRdricR body™MASide the GisFBRINg Bibe"a dpkPsiftimbana fohe inner
dispersirigLfing particted imthet hguidbdsdisposed. As for the

aforemention@gediﬁ%rls(j}g%mg%@ls he .apparatus may have, for example,
a configuration including adeper%f%wgn%%rdgcgr%‘ﬁg%gu%ﬁiﬁgr Feifibarye a

combFiEfind & befBribiFadgstheReWrider thérafoismentionetied to the
dispernsing megRs itk fam storipg; the-mixed fing partiglas; and liguid

can bgidisposed. Brief Explanation of the Drawings Fig. 1 is a side view
showinig the whofe BsRfigufation®BE frie kiR dbparatusi et braingitee
one embddinient ghthdprésentinventiaii Fpgs2ds a sectional view of the

mixing appargils:k0Q soosbindiign L:bifkd? 132586008l iew of the, .
mixing apparatus 100 shown in Fig. 2 along A-A'."Fig. 4 |§’ an explanatory

view SRBATG pate 8f irBepatileSE3TRGid i Pevhbdrgapraraius: 1 uding
100 acebtdingr 0 the wbanementignad empodimeniBrstMode (mbined in a

Carrying out il Ig\é%gl}i]%ré 1,,]F?\ern;{xing apparatus according to one
embodiment of the present invention will be explained by referring to the

drawings Ynder the aforementioned dispersing means, a tank for

storing the mixed fine particles and liquid can be disposed.

Brief Explanation of the Drawings

Fig. 1 is a side view showing the whole configuration
of the mixing apparatus 100 according to one embodiment of
the present invention.

Fig. 2 is a sectional view of the mixing apparatus
120 shown in Fig. 1.

Fig. 3 is a sectional view of the mixing apparatus
100 shown in Flg. 2 along A-A’.

Fig. 4 is an explanatory view showing paths of fine
particles and liguid in the mixing apparatus 100 according

to the aforementioned embodiment .

Best Mode for Carrying out the Invention

A mixing apparatus according to one embodiment of the
present invention will be explained by referring to the
drawings.

The mixing apparatus 100 of this embodiment is an
apparatus for slurrying fine particles by mixing them with

ligquid. The mixing apparatus 100 comprises a cyclone type

N



The mixing apparatus 100 of this embodiment is an apparatus for

slurrying fine particles by mixing them with liquid- The mixing apparatus

100 comprises a cyclone type 5 cylindrical member 10 and a dispersing

pipe 11 connected to a lower part of the cylindrical member 10 as shown

in Fig. 1. The cyclone type cylindrical member 10 is a part for generating

a vortexyflowavithriduicksbas tbcatoki up fihiespartidhes withhtha vodexnected to
flow and therebyataintpixing. The;dispersing ping,11 i3 g part for further .
mixing the fine particles and the liquid mixed by the cyclone type

cylindrical MefBectom RN dRpeision. TREPEYCIdAeitype part for
cylindiieal spamirey 10 apeitbe dispersing RIPE: ddiaressiRROed BY@-n up fine
trestle 20, giis(pi)ggdwcinc a stIHéry Vtgmlé go Hr storing slurry. A lower opening

of the Tispersing: pipe 115185nEered into & upper Eﬂgﬁﬁ%yof’lfh%aélﬁr&lxmg-
tank 3Bt O aArpEEmean bfthd tydlone type tyfindricalr membeit0na the

fine paricle ghargied AipeAd isuovided: sTathis fing,patticle.charging, ..
ipe 13, a fine particle conveying hose 42 is connected usinga

Y . ) ¢ .
conneéttihy 136t 43! FishRe pdtieRTaVeiny hese urrrcdmiccteti® a

tank dgafafine pacticielcaraying«n vebitte A01daamiinenpadiClfrersing pipe
conveyjng, pip fi arti ried,hy the fine particle

carrying-in ver%c épj:%]g?ép %ﬁvéy%%%lga%ritﬁed%%edﬁasr?i%iseegor?\?eﬁnalplllﬁé: y tank
44 antthEfne paRicle Edmvéying Foseue mrrbehdige doifitd the dyelpaesing

type syfirdricalisemberteyia theofing pagicde charaingpipe 18e0MmAryy

side_%fathg %y&]one type cy]indricgl r.nembe.r 10, aliquid feeding_ pipe 12 is

provided and connected with a liquid feeding hose (not shown in the

drawing). Lideid ¥ supptiedimtd the cydlone typenylindrealoneinbariti 1

via member 10, a fine particle charging pipe 13 is provided.
To this fine particle charging pipe 13, a fine particle
conveying hose 42 1s connected using a connecting tool 43.
The fine particle conveying hose 42 is connected to a tank
41 of a fine particle carrying—in vehicle 40 via a fine
particle conveying pipe 44. The fine particles carried by
the fine particle carrying-in vehicle 40 are conveyed via
the fine particle conveying pipe‘éq and the fime particle
conveying hose 42 and charged into the cyclone type
cylindrical member 10 via the fine particle charging pipe
13.

Cnn a side of the cyclone type cylindrical member 10,
a liquid feeding pipe 12 is provided and connected with a
liquid feeding hose (not shown in the drawing). Liguid is
supplied into the cyclone type cylindrical member 10 via
this liquid feeding pipe 12.
The charged fine particles and liquid become slurry

by dispersion of the fine particles in the liguid while

they pass through the cyclone type cylindrical member 10



this liquid feeding pipe 12. The charged fine particles and liquid become
slurry by dispersion of the fine particles in the liquid while they pass
through the cyclone type cylindrical member 10 6 and the dispersing pipe
11, and the slurry falls into and stored in a slurry tank 30. The structure of
the cyclone type cylindrical, member 10 is specifically explained by

referring ie; the, segtiopal- viewy shouw imFig, 25 THe.CYCIORe YR 115 into and
cylindrical member 10 has a cylinder portion 10a and a conical portion fo

connect8dtr s IdWef pattsfthe @ihde? portion 10a. A. lower opening 17
having a diametteeidenticat te the fdiameter ofl the-dispeesing RS AldS1 member
providegd at.the end .cP‘nthel onical partion 10b, and the lower opening is
connected o thsg) ﬁgﬁe%(c:)%eﬁrﬁ]née %??h%lag%lgrjﬁn}éepfﬁg PPQil? cShfedifgtonal
membefs 8. Fifttfier] & Ik thember TBsscatdohed topa uppsnapering ofenber

the cylinder portion:-$9ax dbhe doreragntionedsfine particle charging pipe 4 oy,
13 is inserted and fixed a&the center of the lid member 15. The position

of the fif&' BEHICTE charding Bipe F3istadhsidif sorthitdse ceprbiarisidh- A
the finé pasticlerbaigingipipeat3rshould catresponddertbe centia) aptis of

the cyclone type cytindgical, bet 10. Further,.the aforementigne
liquid feedin% 'pipe 12 is attached to a% ugp%)eer pia%rt 6?tﬁ)§8ﬁ%&e[)8er?pgr1§r% end

surfac&ofthe SIRUET harish 10a dfthe Gitdorfe tyge ey diietimember
10 as showndhdsig t2, ahd Rigpdrwhistmshews the hsectional viewlonge 11

A-A' inglicated in Fig. 2, The axial diregtion of the liquid feedjng pipe 12is
determined to g}elfépga%%ﬂ;agl %e%ﬁﬁ%é%gz!%ﬁal %@Eﬁgﬁ’of?h?el%nﬁrep mber 1% is
periphietaPsiresbe-6f tHe Bpmederpsridhdoal The erdldtdee ligaidt ion 10a.

feedingheipe f2-isprocessed inthsugh aishane charging pipe 13 is
inserted and fixed at the center of the 1id member 15. The
position of the fine particle charging pipe 13 is adijusted
so that the central axis of the fine particle charging pipe
13 should correspond to the central axis of the cyclone
type cylindrical member 10.

Further, the aforementioned liquid feeding pipe 12 is
attached to an upper part of the outer peripheral surface
of the cylinder portion 10a of the cyclone type cylindrical
member 10 as shown in Fig. 2, and Fig. 3, which shows the
sectional view along A-A’ indicated in Fig. 2. The axial
direction of the liquid feeding pipe 12 is determined to be
parallel to the tangential direction of the inner
peripheral surface of the cylinder portion 10a. The end of
the liquid feeding pipe 12 is processed inﬁo such a shape
that it should fit the curved surface shape of the inner
surface of the cylinder portion 10a.

Furthermore, as shown in Figs. 2 and 3, the
dispersing boards 19a and 19b comprising rigid tabular

members fixed in a cruciform arrangement are fixed in the



that it should fit the curved surface shape of the inner surface of the
cylinder portion 10a. Furthermore, as shown in Figs. 2 and 3, the
dispersing boards 19a and 19b comprising rigid tabular members fixed in
a cruciform arrangement are fixed in the 7 dispersing pipe 11 along the
central axis direction of the dispersing pipe 11 as multiple stages (six

stages intotak- in g 2)d ey dispsrgingihoard 19 is fixed sg that the
directions of the cruciform tabular m?mbers should shift by 48510r\€/3v(|:t%110n of the

respect o e R FoFhREbhardf eftibdréioins tamkperdifgrbodradtga.in total
The dispersing.baard 19panrd the dispersiag beardd 9bare alternatelynar the
disposed. As.shown in.Fig. 4, because of the configuration described )
above,%t%g?%ﬁ%é? gﬁpgﬁe %rﬁ?ﬁéiigﬁﬁi“ fggg%agp%eff%%ssiﬁ%bﬁgmlft by
the perfisher4l Biretfisn ot tthevintlee surfackfofthetayinter postior A9acf the

and falis; yyhile: swiling omthesinneryall &g ggréggi\@rt% flow fg%ji%%tgdthe
with thg.sgmbol,A in Fi%ﬁ%. Then, as the diameter of the conical portion

10b dectERSES e Sty VBl of e varES ioviissaassigrated in

the conical pdrtioantBn (indicaitgd with the-aymdob B ithleig: dn rOHu e i on
other hang, fi arfi fall to.the. central_part of the.cyclone type .
cylindrical rggr}r;]%%_r%%ég%a th?ﬁe?&é %a?éga cséﬁl%f%ﬁ (%hg Ic):l%nrllttgfl ol %Jéq\‘f&r‘iiex

flow af@ FikBE Witk the FIdVOTRe Hovi bPe Figtureoirhetiglidtanddinen of

particlesmimﬁdn t_bem@&mwe; Wp@@ylﬂlﬁhf i&ﬁié@e%‘@,@ﬁﬂ& C:[@%DQ%HH%Q?l 8
ihe bl C R e PHLd MR oty o T8 LA E ik by e o
disper§iff Isdrac 94 Bhd s sedirdugh ieachiof.folr regions:, as the _
paﬁMgm@&é&@hedﬁugﬁaﬂamﬁﬂéébeﬁ%%kﬂ%%"ﬁ%@ia@éﬂ@%%@@ﬂ“%ﬁéoéwirling
thernggggzggaﬂggugggDggggggwg§g& is accelerated in the conical
portion 10b (indicated with the symbol B in Fig. 4). On
the other hand, fine particles fall to the central part of
the cyclone type cylindrical member 10 and therefore are
caught in the center of the vortex flow and mixed with the
flow. The flow of the mixture of the liguid and fine
particles mized in the cyclone type cylindrical member 10
crashes into the uppermost dispersing board 19a in the
dispersing pipe 11 (indicated with the symbol C in Fig. 4).
Thus, the flow of the mixture is divided by the dispersing
board 19%a and passed through each of four regions
partitioned by the cruciform, and thereby the liquid and
fine particles of the mixture are further mixed (indicated
with the symbol D in Fig. 4)}. Then, the flow is
successively divided by the dispersing boards 19 of second
stage to the dispersing boards 19b of sixth stage and
passes through them, and thereby the flow is repeatedly
divided and mixed. When the flow passes through the

dispersing board 19b of the sixth stage, the fine particles



with the symbol D in Fig. 4). Then, the flow is successively divided by the
dispersing boards 19b of second stage to the dispersing boards 19b of
sixth stage and passes through them, and thereby the flow is repeatedly
divided and mixed. When the flow passes through the dispersing board
19b of the sixth stage, the fine particles 8 are completely dispersed in the
liquid ard slursied] ¢t addition; p-flarge 16 isprovided:an the periphery. pf

the connectinglporti af the cylinder portign. 10a and the conical portion
10b of the cycloﬁeatfggéo%ilﬁﬁdrigal(g(rfnacﬁr%%e(‘)% 8s Shawit it Ef‘d% Pahd8. periphery

This flaA§e & iscasad tbictheoeydlonedafpe eylingricaldnenberti®ani 0a and
the trestie w@fwﬁprpeggmsrpui%seﬁfaeg@fw@férpéfk%eth%ﬁghl?é‘&ca
e

type cylindrical member 10, an inspection window 14 for checking

inside IS PrOGIHetad ShWnt EI§St. & dif that cERise bpened arfdl is used
closed s aftaghetd4odhe inspedtignewinddw d4i Hereafiehotheractions e,

the me f the mixi aratus,100 according tq.this embodiment

will be Es%g:%%algséxpﬁr%g g'e%élmtﬁ]ﬁﬁ/ir?gu%ec%sse%g%sﬁﬁ?ry?rr?g YrRigdg Part of
lime (chitfumvsydrakiderrtsy mikingdwitls wWateewy dormaleiuni hydeaxiden

slurry. drirstioas showdrindnige ki ihe fine particlee cOBVEYING:RRSE 42 1Showun in
conneged tolthe ﬂng (poal[tiggachar%in% ipe 13 with the connecting tool

43. The fihie particlé ConveyiAg VaRicR 4G BEPEs HSresitfs th dfkattached

lime caigehin thestapkt4bto wénddttolthe fine particle conveying pipe 44.

The slaked lime s ¢ppueyed (@ the fins, pagicle cOaiaing ey BYIng,  ;

fine particle conveying pipe 44 and the fine particle conveying hose 273" 9

The CORVEYRHEIakdd liffe Ik RomtRe @rid of e fihBepArtitid Ehhrging

pipe 13ralohgitheldantradabis obthesy exemplifying a case of slurrying
slaked lime {calcium hydroxide) by mixing with water to
form calcium hydroxide slurry.

First, as shown in Fig. 1, the fine particle
conveying hose 42 is connected to the fine particle
charging pipe 13 with the connecting tool 43. The fine
particle conveying vehicle 40 applies a pressure to slaked
lime carried in the tank 41 to send it to the fine particle
conveying pipe 44. The slaked linme is conveyed to the fine
particle charging pipe 13 by the fine particle conveying
pipe 44 and the fine particle conveying hose 42. The
conveyed slaked lime falls from the end of the fine
particie charging pipe 13 along the central axis of the
cyclone type cylindrical member 10 tracing the path shown
in Fig. 4.

On the other hand, water {emulsifying water} is
supplied by connecting a water feeding hose not shown in
the drawing to the liquid feeding pipe 12. Because the
supplied water is injected along the inner peripheral

surface direction of the cyclone type ¢ylindrical member 10



cyclone type cylindrical member 10 tracing the path shown in Fig. 4. On

the other hand, water (emulsifying water) is supplied by connecting a

water feeding hose not shown in the drawing to the liquid feeding pipe

12 Because the supplied water is injected along the inner peripheral

surface direction of the cyclone type cylindrical member 10 9 from the

liquid feeding pipe 12qit fallswhilersyvisling on2 the inneriswfage as shewn ing on

in Fig. 4&11Th% irling velocity of the water is accelerated in the conical
portion 10b oﬁﬁ%ﬁ cjgiglg%éct?pgscyﬁ%%‘ﬁ%af%e%ngér 0 ad ¥ie SHAREERH of

the conicalpertign AObbecombs smalles eneit foemsia voniexdlowical portion
around tbg lgwer ppeping 3. E’t%ﬁ-au%ltﬁ?ﬁc&fﬁéﬂr‘?nBFrﬂlaerC?’%fr%'slpo%ﬂé’f

the conical paortion 10b inside the cyclone type cylindrical member

becom8&4HEGEVE uES tFd&Sle R the ' IRk fiRTectallivkp Illeng and it

the cerfralraxis fallsrseasftode aspirated o theceeriesof the YorteXqcause
%\Q{ra nd mixed. .Mareover, when the
[

flow, thys.wrapped, by the vortex f _
amount of y\}:‘)ater supplied frorr?tr‘fé£ qui fé:)eadrlrtwig%?pét % 1§95 thgortion 10b
water SUIFACE dfiRe CEntl partBrtHeyvorEx flow comeso 4 positiomes

higher:iagn thedowae openingi 17 sand tberafors (he slaketh IME 1Si e ra11ing

Wrappgg br}/ th%%oré%x ggwland mix%d | efore it_arrives at the opening 17.
As described above, the Slakéd fime mix&d Mt the VU He#fiBhakhgsinte the

into thesdispérsidg pipe Yo fitom théclowahopeningpbzat the fiow radefx rlow,
the vogtex flowand crashes with the.uPpREMOSEdisPessing hoar ds%%%ﬁ&

this c%ash, the slaked lime and water are further mixed. Moreover,

crashéd VorteXow FRUSIAREG HiRte BI€ Sditidetfinté ¥atr fiGWe bypther surface
cruciforin dispersingcbdareis: andranenfrthertaixed by passagetbroughsition

eaChQﬁgﬁ%@“ﬁhan the lower opening 17, and therefore the slaked
lime is wrapped by the vortex flow and mixed before it
arrives at the opening 17.

As described above, the slaked lime mixed with the
vortex flow rushes into the dispersing pipe 11 from the
lower opening 17 at the flow rate of the vortex flow and
crashes with the uppermest dispersing board 19a. By this
crash, the slaked lime and water are further mixed.
Moreover, the crashed vortex flow and slaked lime are
divided into four Fflows by the cruciform dispersing boards
and are further mixed by passage through each of the four
regions partitioned by the cruciform dispersing boards.
The water and slaked lime that pass around the dispersing
board 1% of the first stage reach the dispersing board 19b
of the second stage, they are thus divided along an angle
different from that of the dispersing board 1%a of the
first stage, and pass around the dispersing board 19b of
the second stage, and thereby they are further mixed.

Thereafter, whenever they pass arcund the dispersing boards
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regions partitioned by the cruciform dispersing boards. The water and
slaked lime that pass around the dispersing board 19a of the first stage
reach the dispersing board 19b of the second stage, they are thus divided
along an angle different from that of the dispersing board 19a of the first
stage, and pass around the dispersing board 19b of the second stage,

and thereby ihay ﬁﬂ%fldffh%'h@i@QrJhﬁt%%f@rtWrﬁ{@\@fﬁl@ﬁy})@éﬁe, they are
around he.d'spersirg; boards 10 19a and 19b of the third stage to the

sixth st é'é’,lé%il 216" dViB&H and TikBa> BYRAK S p8Mtich: Sackd itk i8S
completelyrdispersedinapater ahdi slumaed.r The slurty is-idischaiged fromry is
the low, ng'ugg f i Si ipe falls into the slurry tank.30 |

and is é%)?ed there(?n.g'l}%g ;%#lgﬁgﬁ%gra?jﬁjgri&%ggr%?g to ﬁyﬁg £Sing pipe 11,
embodiféhf USECtheh& cTdne Fpe eyiindiicat tierbet o hdvitigea shape
imitating a cyclere usedas aseatifugal mashineAnd RaStSUER A embodinent
structure thatt\{,\l/QiI% a \Q/gker fLow éli uig J‘Io(y\p.is Enade to fall_on the inner

wall of tR& tyelone tpe cylindfical member 16WhifeBRing? siiketlfma shape
(fine paritles)ixnfadevolfalitothedentral parnse tHatthe mdakechbimeand has
should;he camgbt by the vortexflowidermed around the.gpening 1z atthe, ;.

center thereof. Accordingly, the slaked lime does not directly contact with

the infétfalCof ik oydbrid & pl Bindfitht nidmbBe 1Y tHefstoterpe
aggregg:tbﬁmi‘xtheeslakeqhﬁm do ndﬁﬁﬁ@emiaihg@nne&%& andnthe; fine
slaked lipe;can, be _si%rr}ﬁgdvglteeutfsweg glegaing; Moreguer, becaise,
the water flow swirling on the inner wall of the cy&one type cyﬁlndrlcal

membetake htbslerhedldvidtneBHd BirtHe orfeal portidr o ahmed

pressuteinihereyelone typeycylindrical meember 40 bacomes. negativeiingly,

aroun }}Qeslg\évfégpf{]rlaneg éZélhgg%foﬁ’gQgginye centact with the inner
wall of the cyclone type cylindrical member 10, therefore
aggregates of the slaked lime do not adhere to the inner
wall, and the slaked lime can be slurried without causing
clogging.

Moreover, because the water flow swirling on the
inner wall of the cyclone type cylindrical member 10 is
accelerated toward the end of the conical portion 10b, the
pressure in the cycleone type cylindrical member 10 becomes
negative around the lower opening 17. Therefore, the fine
particles charged from the fine particle charging pipe 13
are aspirated toward the lower opening 17 around which the
pressure becomes negative, and thus dusts hardly fly. BAs a
result, any conventional dust collecting filter apparatus
for removing dusts is not required for the mixing apparatus
of this embodiment, and maintenance of a dust collecting
filter apparatus is not required either.

Moreover, as apparent from Figs. 1 and 2, the mixing

apparatus 100 of this embodiment has a simple cylindrical
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particles charged from the fine particle charging pipe 13 are aspirated
toward the lower opening 17 around which the pressure becomes
negative, and thus dusts hardly fly. As a result, any conventional dust
collecting filter apparatus for removing dusts is not required for the mixing
apparatus of this embodiment, and maintenance of a dust collecting filter

apparatys is-notiequired either, %qrgoygr,&%ageag%@ﬂﬁ%ﬁig%%é‘&‘dat a low

2, the mixing apparatus 100 of this embodiment has a simple cylindrical

11 struEtite; antPthEefdre itcary BERES Iy HIrBdhest st &g rcoses 100 is

Furthernane, becauserthesmixing epparatustkdQ isnsmalt ihtanbe ang it is
mount%digg Ctgg sa!urryégnk eSOé an eiﬁtis ugggcgsgag tao separate‘I% secijre _

a place Tor installation of the apparatds baside the ST tank30: i tallation
additiopfit b alsoerasy to seovedhe thixing appardriskl0®fromtheddition,
slurry tapk;30. hhereforey the, mixing.APRaAtS 100,08 828 100 from the

installed at low cost on the slurry tank 30 requiring an apparatus for
slurryirid, Bid chi'He réhnovBdE< TR EGireBRMJIIEBIRE pawisaltHe 100 can be
mixingsapparatus 400 1Hasi stichlastraeturedhat fine particles sheuldpot

contact Wlm tti1 'nger wall as %scri ed above, fine particles do nhot stick

to the i:{‘;ﬁ%r'v%/‘raﬁﬂfgland1 thae maaﬁﬁ%n%ncgﬁhg?é}&ﬁglg%b éaé}séyﬁﬁ rtlhé;| ?niiﬁ]%oved as
appardttiSUE0T Bf th¥ HFGreTfénti RStk iR bbbl BAE \ilde i BT Bt K0 has

water supplied fom thediguiddeedingpipe A2 islasgenHbeflow sateof the.-+

vortex flow also becomes large, and.it is completely mixed  with fine .
particl‘é’%tl\“%tr%%yéfb%%rty%%igyli%%lriggf;r%%rﬁl%r "Hhd LRkt icies do

attainee bWhiehrthetmipting id sariedvat.urdet Such acontition ¢ee thereof is
dispersing,pipes1 can be removed from the mixing apparatus 100, and

the cyclone tyroe c}%/lindr_ical member 10 alone can be used.
In the mixing apparatus 100 of the aforementioned

embodiment, when the amount of water supplied from the
Liguid feeding pipe 12 is large, the flow rate of the
vortex flow also becomes large, and it is completely mixed
with fine particles in the cyclone type cylindrical member
10, and slurrying is attained. When the mixing is carried
out under such a condition, the dispersing pipe 11 can be
removed from the mixing apparatus 100, and the cyclone type
cylindrical member 10 alone can be used.

The shape and arrangement of the dispersing boards
19a and 19b disposed in the dispersing pipe 11 are not
limited to the cruciform shape and arrangement used in this
embodiment, and they may be in a desired shape. Moreover,
as for the number of the dispersing boards 19a and 1%b,
although six stages of the dispersing boards 1% and 19b
are used in this embodiment, it may be increased or
decreased depending on the conditions of slurrying.

further, although an example of producing calcium

hydroxide slurry by using slaked lime (calcium hydroxide)
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The shape and arrangement of the dispersing boards 19a and 19b
disposed in the dispersing pipe 11 are not limited to the cruciform shape
and arrangement used in this embodiment, and they may be in a desired
shape. Moreover, as for the number of the dispersing boards 19a and
19b, although six stages of the dispersing boards 19a and 19b are used

in this embediment tenayhe ingreased or decreased.depending.onthe, , .
conditions of slurrying. Further, although an example of producing calcium
hydroxi@& 516/ By 05 g DakEa 7€ [CAIRRIM MarbaERY dingE fingthe mixing
particlesrard water emulsifyingwaterjasliquidnuwasexplamnetyindhe siurrying
aforementigned embodiment, the mixing apparatus of this empadiment is

not used only for sIurr;%ng g%js aEi\<e%lrlfmeuztgdla\ilzva'ﬁ-fwf‘r],1 but it can ba Uit to
order t62&&My B sUrAFiRG Y mixing iofiary kihdarof firlepartidlesiarnd

liquids phet-exampledtcanda ysed fos slurying fine particlgs;of camants
qwckhrsnle l(;alcium garbonate, magnesiym hydroxide, magnesium oxide,

calciuri Ry drboide, ‘dRY rimerafs it tHe TREBY rmixiig Wit Muidcaher 1

as wates.lhcadditonpaklihesdhrthé edial dirsetion:efitheifine partiele calcium
chargingpie 1345 sef 19 e paraliel ta the axlakgiecton gt the cvclope ;.
type cylindrical member™10 in an aforementioned embodiment, it may not

be exattfy pafall® t8Ad it may be set so that fine particles can be

charged to thaceatral pashof thereydingiicahmemben 10: WiBOWn of the fine
conta t'glgt\évitiﬂ th hinn r. wall of the cylindrical member 10. Further, the

axial gfrqctib% gf tﬁealf%ﬁ féec w?g :E)C%él ?Lzsrﬁgy%%t e 8)%5:&%;& Séraﬁf)el te

the tahteMtiaf difeelidriof the Eytingicdiomenibercl G yaridiir ivayl besdtso 10

that liquidzcan: be suppliedose.asdaiswitam the inngrwall of the Gylindricyl

'“enﬂﬁﬁég'lel, and it may be set so that fine particles can be
charged to the central part of the cylindrical member 10
without contacting with the inner wall of the cylindrical
member 10. Further, the axial direction of the liquid
feeding pipe 12 may nolt be exactly parallel to the
tangential direction of the cylindrical member 10, and it
may be set so that liquid can be supplied so as to swirl on
the inner wall of the cylindrical member 10.

Moreover, although fine particles are charged into
the cyclone type cylindrical member 10 from the fine
particle charging pipe 13 in the embodiment described above,
it is also possible to use a configuration that the fine
particle charging pipe 13 is not provided, but only an
opening is provided at the center of the lid member 15, and
fine particles are charged through this opening. In this
case, the fine particle conveying hose 42 connected to the
fine particle carrying-in vehicle 41 can be directly

inserted into the opening of the lid member to charge fine

particles.



Moreover, although fine particles are charged into the cyclone type
cylindrical member 10 from the fine particle charging pipe 13 in the
embodiment described above, it is also possible to use a configuration
that the fine particle charging pipe 13 is not provided, but only an
opening is provided at the center of the lid member 15, and fine particles

are charged threugh this openingpln:this, £asg. the-figeparticle.canveying 11 pe
hose 42 co?necteéj to the fine particle carrying-in vehicle 41 can be
directlye;f(r‘tl)se?tle%elnto the opening of the lid member to charge fine
particlest 2 3iperedfter, examples of the present invention will be

explained. ([EXATRIG B/ARANCXAmplE 1Ak IS, PALASE AN, 1 g g
emulsifying water was slurried by mixing using the mixing appara‘fus J166
having'thé Strudre’sHewhad Figsmi a2 vetpmingtontheing apparatus 100

aforementiongdresabecdiment As folthe sizesofthe imixing APRAIAINS i ng to
100 usged in this example, the cylinder portion 10a of the cyclone type
oy i b TOTRRY o TV rAeRter o S0Pt Bbcra fenptorthe
600 mt, *ahektherronidal porfienuioblof thetddmechahahdnnéhdianyatande

Of15%B¥Hfﬂﬂhﬁé@N§Eeﬂ%ﬁ@@é@@ﬁsﬂk9£é0Q§HQhJ¥E%@T“HeE%§¥“Qo had

pipe 12 was connected to the cylinder portion |[0a at a position of 300 mm

from thE upPRFENGHETESE THe T RidTecdidy PigeasHudanbhfermmy and the
diametermcf80. o thle fihekparticieneharging pipe 33 hachar intespRlr o r of

diametey, of 100.mm. The dispers; ipe 1 n internal diameter of .
150 mm %nd alerggqprl]eof gooé%%?g'r%%\%g pl'rlog\ﬁgg Wit t@ d?lsnf)ersﬁéa liquid
boardS A& AHd AR of SixEtEgES HEEEHGWN TP Fidie 2cwWHiilsisiakedrimen 10a

powder:wasshpplieehaiod ra@oft0 from the upper end thereof. The

liquid feeding pipe 12 had an internal diameter of 80 mm.
The fine particle charging pipe 13 had an internal diameter
of 100 mm. The dispersing pipe 11 had an internal diameter
of 150 mm and a length of 800 mm, and was provided with the
dispersing boards 19a and 19b of six stages as shown in Fig.
2.

While slaked lime powder was supplied at a rate of 10
to 40 ton/hour from the fine particle charging pipe 13,
emulsifying water {(industrial water) having a water
temperature of 1 to 85°C was injected from the liquid
feeding pipe 12 at a rate of 25 to 75 m’/hour. As a result,
the slaked lime powder was mixed with the emilsifying water
by the mixing apparatus 100, and thus calcium hydroxide
slurry having a dissolution concentration of 20% or less
could be produced. The produced slurry fell into and was
stored in the slurry tank 30.

Dusting from the mixing apparatus 100 or the slurry
tank 30 was not observed. Moreover, when the slurry in the

slurry tank 30 was examined, any aggregate of the fine
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to 40 ton/hour from the fine particle charging pipe 13, emulsifying water
(industrial water) having a water temperature of 1 to 85C was injected
from the liquid feeding pipe 12 at a rate of 25 to 75 m3/hour. As a result,
the slaked lime powder was mixed with the emulsifying water by the
mixing apparatus 100, and thus calcium hydroxide slurry having a

dissolutignregroentration o 209 o dese qould be produced. Iheqrveq
produceﬁEslurr lfeellé'nto and was stored in the slurry tank 30. Dusting from

the mixi gxfﬁn aratug 100 or the slurry tank 30 was not observed.
Moreover, whehBthe slogy tihd¢he askrryitankB G p@srexamingth ay that used

aggregate qf.the fine 14 payticles.dy ective mixing was not
observed. (ExarIr{ le 2§ By using he%s%;in%gém%?\r{{%dgﬁpggﬁug?iaoﬁgg th&F™ the
used inf EXSmite 4k wiil€ Bttt pbiatick vad charged:frof thecdingiour,

particleschaitging pipe=13 at:auatenfsl ton/beuy, slakingwatendndysiial ;.
water) was supplied from the liquid feeding pipe 12 at a rate of 17
oLt T DA A DOAHEr Wac e G 6 Sty WAk by the

mixing apparafliz=1 00 thius Becamieca suspensibre (sluiry) anddel intoithe water
slurry tapk 3Q. Qusting,freppLhetmixing @ppasaius, 10 ar the §ﬂ‘£{)@%%§;61

30 Was{n t observed. As for the su?ﬁgengion (Slurry) in the slurry “tan

neither Sgdtebite £BFHE fihe Paticldiedid 15 defetie Mixing#oking from
non-slaked substamcepwasahserved. {Example B) By usingthesane not
mixing.appargtis 100.as thatysed . in Example hile cement powder

was charged from thesfine particle %ﬁ%rging%pisl Sat C)ratlenoft'%ﬁ tSJBLbrry
ton/holif Bis¥Btutisit Waiter GHELSHRIWated) Faingwarer témbesative to

of 1 tocBHGE wassuppliachfram thediguitt aked substance was observed.
(Example 3)

By using the same mixing apparatus 100 as that used
in Example 1, while cement powder was charged from the fine
particle charging pipe 13 at a rate of 10 to 80 ton/hour,
dissclution water (industrial water) having a water
temperature of 1 to 85°C was supplied from the liguid
feeding pipe 12 at a rate of 25 to 75 m*/hour. The cement
powder was mixed with the dissolution water by the mixing
apparatus 100, thus became slurry and fell into the slurry
tank 30. Thus, slurry having a dissolution concentration
of 50% or less could be produced. Dusting from the mixing
apparatus 100 or the slurry tank 30 was not observed. As
for the suspension (slurry) in the slurry tank 39, no
aggregate of the fine particles due to defective mixing was
ocbserved.

{Example 4}

In Example 4, used was a structure that fine

particles (calcium carbonate) stored in a fine particle

storage silo were conveyed by a screw conveyor and charged
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feeding pipe 12 at a rate of 25 to 75 m3/hour- The cement powder was
mixed with the dissolution water by the mixing apparatus 1.00, thus
became slurry and fell into the slurry tank 30. Thus, slurry having a
dissolution concentration of 50% or less could be produced. Dusting from
the mixing apparatus 100 or the slurry tank 30 was not observed. As for

the suspeBsiondskirriyip thersiuayiank 89, nonaggregateahihefiRg ratus 100,
particlgs dalije tor%%fectigevrniixin%\{vegs Eg)beser_\/edf (Example 4)_Ip Example
4, used waB'B stiuctire that fine particies (calcium CatbbRaté) staréd int 3
fine p@ﬁi@l@_ls%or—’ageagilc}lwede cateysad by aBTIWTON\@YOr Nt calcium
charged . 15,ntq the, Mmixing apparatis 7&9&%&%5‘8_&'@9&8%@“%{3&

e

an apparatus having the same configuration as used in Example 1 was

used. FHE’ 64N EBRVERSINET dBwh TGN RBrBoRaE D OWdER Frofh tse

fine paticle steragr:silgi reopigyed theopowrer upiotheippar-pat of the ana
fine particle charging pipe 13 of the mixing apparatus 100, and charged

the pé:?&ééﬁ ﬁﬁ%ﬁt#g a %E%tﬂsﬁllr? ct)hié,geexaal%gl%z,r?hteugére(\f‘rvncotr?’vlesyoer“’gvfl%‘ le,
operdte€@ sHAIRAYtOBARKIN careRREdcwdercsHduld be:supplied to the
mixingAnpatatus J0RRLA sate.eb2ianhgus INOreRVer SIRISIEYING WALEl ratys
(induﬂiigd water) was su%p%e% to/atple Iiguid feedin?ﬁépipe 12 of the mixing
apparatus 4'00%t* Fste“of 10 ISR The EAI&E LarsOhdd doitngr water
was riixethwiththé ewiUisifying watepihyithd mixing:appatatis ¥e@diws pipe
became grsyspensian slusiy and fell it the slurmy tank 30,4 dust,

collector for preventing dusting was installed on the slurry tank 30. Even

when operatiSHofFtECdURt GRAIRIBR Wad Stipediandthectd itigpettion
windewudfthé slurgy wiank:30 washepaned ndusting: was ot obse et ASe came

forth? suspension (slurry}) and fell into the slurry tank 30. A
dust collector for preventing dusting was installed on the
slurry tank 30. Even when operation of the dust collector
was stopped, and the top inspection window of the slurry
tank 30 was opened, dusting was not cbserved. As for the
suspension (slurry) in the slurry tank 30, no aggregate of
the fine particles due to defective mixing was observed.
{(Comparative Example 1)

The mixing apparatus 100 of Example 1 was removed
from the fine particle disscolution apparatus used in
Example 4. Then calcium carbonate powder was directly
charged into the slurry tank 30 from the screw conveyor,
and the emulsifying water was directly supplied to the
dissolution tank. As a result, dusting was notable, and
the dust collector provided on the dissolution tank must be

operated.
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suspension (slurry) in the slurry tank 30, no aggregate of the fine particles
due to defective mixing was observed. (Comparative Example 1) The
mixing apparatus 100 of Example | was removed from the fine particle
cL@igggution apparatus used in Example 4. Then calcium carbonate
powder was directly charged into the slurry tank 30 from the screw
conveyor, and the emulsifying water was directly supplied to the
1. dissaluiigingapafst s fesultyxidy stinticika s notitdlel. andrénette stpealigictor
couﬁg)?%iéjse.d on the dissolution tank must be operated. 16 CLAIMS 1. A
IXIng apparatus for mixing particles and liquid, wherein the apparatus
comprissical RraYiEavESH RYSRPENEWaNe EhHRPBIMPEATID FBE SptiHee!
bo#yeh8yiHEICRInSO/NINaRaBHeieS Walhatidacsdalimpalangriedoial axis
angﬂgﬁd‘“ o9, Gentra) s ;%”%t%?‘ﬁﬂ%ﬁ Soical Rortign With 8o oward
i eter WRICH decreases in tﬁenalrectlon OWard ihe lower Oopéning from
thethewgppeeapeiiing), i ersier threnippenbpeiintie civesy apenichargisg por
cnio igg?r(g{rygrt@@ap@g%qgg;p%,l@ﬂygg feeding opening provided on an upper
side of the cylindrical body for injecting the liquid in a peripheral directjion
on te" R SALINGHPEEL Hﬁé'ﬁéﬂr‘i’dh%%\FFb%%[ysiﬂeo?ég}et§yr¥féﬂ£€?h8‘1ﬂ¥u*ﬂ

injéatiraldng it driner veailbiodrth @icydindrica o dynerhive!| switdiog) ahtaevortexrriaal
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central axis aligned with the central axis of the cylindrical body and
switiagging Wlfftles into the cylindrical body along a path extending along
the ceptialcrximaiding mybndroalibedynf anrtheipagite shaignthspede
ceﬁ]}?a{%‘%%raﬂ %é‘é”ﬁn%ﬂh}%%%%#%‘f‘ﬁ%%‘ QDPPB%Ycag% ﬁé% 185] bod c%é}”%%eﬁ% fies
“"the lower opening of the cylindrical body; and" disposed In'series afong
intththe swliralpaisbiectheleligpe psiiicepipedian lelestaine eratissafsdspegsing
cyhe@Es IRIaJisRarsing taRibRItciesiv the:iaukh RARD disprrgiagiiaodiithdrical
bo%?lgng formed of a plurality of tabular members joined in a cruciform
a dispersing pipe connected to the lower opening of the cylindrical body,; and
dispesed in series along the central axis in the dispersing pipe, at least two
stages of dispersing boards for dispersing the particles in the liquid, each dispersing
board being formed of a plurality of tabular members joined in a cruciform

arrangement,

2. The mixing apparatus according to ciaim 1, wherein the cylindrical body
further includes a cylinder portion having a constant inner diameter joined at one end
to the conical portion and extending to the upper opening, and wherein the liguid
feeding opening is provided on a side of the cylinder portion.

3 The mixing apparatus according to ciaim 1, wherein the upper opening of the
cylindrical body is covered with a lid member, and the particie charging pipe is
inserted through the lid member at the cenier thereof, into the interior of the
cylindrical body.

4. The mixing apparatus according to claim 1 wherein the at ieast two dispersing

boards are spaced along the central axis, each dispersing board having an angular
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arrangement. 2. The mixing apparatus according to claim 1, wherein the
cylindrical body further includes a cylinder portion having a constant inner
diameter joined at one end to the conical portion and extending to the
origRERErOPeBiagaang whewiteibet iauidihie adingo peningtisrpto vt adareat
disSiqgir?f Eh%r%ylinder portion. 3. The mixing apparatus according to claim 1,
Wharein the upper opening of the cylindrical body is covered with a lid
member, and the particle charging pipe is inserted through the lid
5. MembRIAking SAHRt b YekdnWthadmtaligiidiee suintkicatbededtc
The mixin%] apparatys according to claim 1 wherein the at least two
ey R GAREIRY BOsrcE S SRRBEH A e LA e e SRS AL
craseatitrhiayriog am langfblaiodd theestat@rexia the central axis different from
the angular orientation of an adjacent dispersing board. 5. The mixing
apparatus according to claim 4 wherein each dispersing board has a
8. constARtBPIRS ARRATBH'DERFEFANAUIAABIThE VhIREln a8 iHIthE s BiGh
divades sioth refuigbiauiritsties gintilRgrildesepnintd axis pardilkefimiisghs.
apparatus according to claim 5 wherein each dispersing board divides
flow of liquid and fine particles into separate and parallel flow paths. 7.
7. The MIRIAGESFRIRAE RcRraIRY IR IR WIS Sa6N ARRREFNIPCEBET (P
ariSngEraRAadde mivide fipuy ahlingusiord pPRsticdes it Seppsaisancvppsaie!
flow paths. 8. The mixing apparatus according to claim 4 wherein each
dispersing board has an angular orientation shifted by 45 from the
8. orientagonihgaradisten b aisping g deard. Wharhe edxingiappaaguzard
ha@SHPEING O Aaim hnhgrRin & liesHd fact PipRds:ipieds by thepdipdrical
“body at'the liquid feeding opening and has an axis oriented to feed the
diSRRIRINARPERR interior of the cylindrical body in a direction parallel to a
tangent to the inner surface. 10. The mixing apparatus according to claim
1 wheteli i i ivi fl iqui fi icles..
© o S e R o
to fherilndriosh epsin Ao HYEIans B ERRN Fa SR dHHsBiInP e oY sEdtisnfeed
thOARAN e tedher et AiSrikaLR ShARS @ftierops DO MR to

I h al h ntral axis.
PO lgng ne centrl s

16. The mixing apparaius according to claim 1 wherein each dispersing board

divides flow of liquid and fine particles into separate and paralie! flow paths.

1. The mixing apparatus according to claim 1 wherein each dispersing board
has a constant cross-section perpendicuiar {0 the central axis, in the shape of a
cross, throughout its length along the central axis.

12. The mixing apparatus according to claim 11 wherein each dispersing board

divides flow of liguid and fine particies into separate and parallel flow paths.

13 The mixing apparatus according to claim 12 wherein piural dispersing boards
are spaced along the central axis and wherein each dispersing board has an angutar

orientation shifted by 45° from the orientation of an adjacent dispersing board.
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12. The mixing apparatus according to claim 11 wherein each dispersing
board divides flow of liquid and fine particles into separate and parallel
flow paths. 13. The mixing apparatus according to claim 12 wherein plural
dispersing boards are spaced along the central axis and wherein each

d|s sing board has,an an ular rle tati hifted b
14 R e A 00 A S R Rt R e i
arrapgedding e ftm q eneddinceepmieiespisieipgrsoriviasd femige Hon eriige

flow of liquid and particles into separate and parallel flow paths. 15. The

m|X| paratus according to clalm Wherel the tabular ember ¢

St S R e L i e
eaetmisepeniegi brenektetehpardiahtetheacdmtvah dbescarBraAslisrafingre oriented
to @% ﬂ&%g lgh%llﬂg@/&gﬁpgrgggs and liquid by mixing and storing slurry,

erein: the apparatus comprises a slurry storage tank and a mixing
apparatus provided on the slurry storage tank, and the mixing apparatus

16is the BlixiHnGRpesAsUS Acodinhiopelaited ahé. IGhr sy myine appasatig
sidecordy mg to claim 16, wherein the dispersing pipe has a lower opening,
ana'the fower opening of the dispersing pipe is inserted into an opening
provibedRrarusl g BliseiyR Shiik, S8raveiaiMorNtbr MiIAG fRREESand
priigdich ¥hieh gpgr@pgig%@@w;dg}gja mixing apparatus for mixing the

ticles and liguid, wherein th t drical bod
Revi e TIEBBEIHG s BUEF GFRAING e G Al By heving

an inner wall surface defining an interior extending along a central axis

1700 FAURGAFNARROIo D BA HBBEIRY YU GHoARRIRBSARICHNG pipe

direction to the lower opening from the u per opening, wherein the
haghloMEhaRRTNSeRSSIER IR WHaPERIYS0M oi %ﬁi@%@eplarm%%e%mto an
odisting feeding aperirguprosicedomar upper side of the cylindrical body

for injecting the liquid in a peripheral direction on the inner wall surface of

the cylindrical body in order to make the liquid fall along the inner wall of
1&he chlimgiesl o ayXitdlBasiAlERG E e RRRGRIAPIHEE communicating

with $isiHRRY RReNBAGtUs for mixing the particies and liguid, wherein the

apparatus comprises;

a cylindrical body having a lower opening and an upper opening, the
cylindrical body having an inner wall surface defining an interior extending
along a central axis and having a conical portion with a diameter which
decreases in the direction toward the lower opening from the upper opening,
wherein the upper opening serves as a charging port for charging the
pariicies;

a liquid feeding opening provided on an upper side of the cylindrical
body for injecting the liquid in a peripherat direction on the inner wall surface
of the cylindrical body in order to make the liquid fall along the inner wall of
the cylindrical body while swirling;

a particle charging pipe communicating with said upper opening and
having a central axis aiigned with the central axis of the cylindrical body;

a dispersing pipe connected o the lower opening of the cylindrical
bady; and

disposed along the central axis in the dispersing pipe, at least two
stagas of dispersing boards for dispersing the particles in the lguid, each
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having a central axis aligned with the central axis of the cylindrical body; a
dispersing pipe connected to the lower opening of the cylindrical body;
and disposed along the central axis in the dispersing pipe, at least two
stagispefdligpesaidbbiegridsrieddisparsiagtihef peoticies amite digunedéach
_19 dlslpefgsmgart‘),g é%r?ghng formed of a plurality of tabular members joined
in a"crucirorm arrangement; charging the particles through the particle

chagjiagipipthapartifteigtarpan texteridny Aordno®irsrand ]pnrieath
extOR8IH fmtg)tm;@amﬁée@magm (IRG, WoRaniopEi cRenagiab thige to the

cylindrical ?‘y I'ﬁ2t %y e as the charging, injecting liquid in
'O“ﬁ{eoﬁgﬁ'ﬁﬁéf 8|Fé’3ﬂ i tﬁﬁ drical body in the neighborhood of the

uppet iheesang, Buetasitaettieliojoal ifidiintoiguindnifirepevhetairection of
tne%maea! .w@@&v&ﬁm&@a@wsw@ o%%qﬁﬁhﬁﬂ@!'ﬂtﬁ'a?tﬁélﬂ&ﬂféﬁ

are introduced into the center of the vortex, whereby the fine partlcles a(pd

fallgal e Rival oL 819CHBENIE! SRS EHTA PP TR Feroriex. an
wheespiie pgriapeatedhrdidding flovnefdiguid ahithdinerpartichesanya e

ar allel fl IFIS Japper end of each dispersing board and
paggne\}e’e?aldrﬁg}ﬁ, % ow paths at a lower end of each dispersing board
to promote mixing of the liquid and fine particles. 20. A method according

1910 Clamétﬁdésa'i&d?mﬁgltdiﬁmmfm;aédacﬁﬁaﬁgd@long the central axis,
each disper ard_havi r arient t|on on he centr
dlﬁngR?ﬂ%ﬁltytﬁiél gw&dr‘r"’oﬁ%ﬂi‘a ion o%aa%%a e'fc%sn ?s%g%‘i a@oarﬁl&iggl

patRsras thio drascenting aa@mmwwnmdeam Qﬁ@p@r@m@tb@@#wﬁﬁw paths
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cross, throughout its length along the central axis. 22. A method
pagt‘é%?dlng to claim 21 wherein each dispersing board has an angular
orientation shifted by 45 from the orientation of an adjacent dispersing

a2 ARAIIAIod Accoing 12 da dRunaiendie hadeles dedokon

directly contact the |n er wal of the c body and enter the liquid
thy GREKAIMEIBWARSTE i SaETNaIBPRIS ﬁ@’%eﬁ‘ﬂ rIaHangeeMtetenioe NEFBr
axi€ldiflcaiet fHam pRstitgs: terReRaiatest an adjacent dispersing board.

21. A method according to claim 20 wherein each dispersing board has a
constant cross-section perpendicuiar to the central axis, in the shape of a cross,
throughout its length aiong the central axis.

22. A method according to claim 21 wherein each dispersing board has an

anguiar orientation shifted by 45° from the orientation of an adjacent dispersing
board.

23. A method according to ciaim 18 wherein the particies do not directly contact
the innar wail of the cylindrical body and enter the liquid vortex, and wherein each

dispersing board is arranged to divide fiow of liquid and fine particies intc separaie
and paraliel flow paths.
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and parallel flow paths. 20 MIXING DEVICE AND SLURRYING DEVICE
ABSTRACT A mixing device uses a cyclone-type hollow-cylindrical body
(10) of which diameter is reduced from its upper opening to lower
opening. A liquid is dropped while being whirled in the hollow-cylindrical
body (10) to accelerate it and produce swirls. Powder is charged in the
center of the swirls so that it is_enwrapped by the swirls and mixed with
the swirls of the Nl MRt bt e rﬁ:’am&yaaﬁ Rét ¥igtbecause
the powder does not come in contact with the inner wall of the
hollow-cylindrical body. Further, the pressure near the center of the swirls
becogresneaative, so that the powder is sucked into the swirls and
powder dust is less likely to be produced. The mixing device is compact
and capable of slurrying powder with less maintenance expense. Figure 4
21

A mixing device uses a cyclone-type hollow-cylindrical body (10) of which
diameter 1s reduced from its upper opening to lower opening. A liquid is
dropped while being whirled in the hollow-cylindrical body (10) to accelerate it
and produce swirls. Powder is charged in the center of the swirls so that it is
enwrapped by the swirls and mixed with the swirls of the liquid. The hollow-
cylindrical body does not clog because the powder does not come in contact
with the inner wall of the hollow-cylindrical body. Further, the pressure near
the center of the swirls becomes negative, so that the powder is sucked into the
swirls and powder dust is less likely to be produced. The mixing device is

compact and capable of slurrying powder with less maintenance expense.

Figure 4
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