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 desulfyyizafio ?ﬁé (f(? t, tewater neutralizer or the like
is known. Further, met’%‘o}a‘s& 0 pr(ce))r uéi}n‘avﬁ REbEN&td B ¥ MeEired
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 sprieasg amw}q/ag'ﬁ%ﬁeghgi;emﬁ,img %ﬁ%‘ié&i% éaglé is rod
usuallyi%eealgdaang@ 1!ﬁarlge size dust collecting filter apparatus is usuﬁﬁ)‘?
provided on'the dissdittion Rk At thé Sathe e r wepiracd therdpstses such

and cofleétlig therhion adfilterc1 Ns:desceribed: above -inthe-methods-of
direcths ahagingfinespartiles, begausg of 2 large amount of ;producing
dUStSf f‘n%u%ta%qcl Iz.eg ilgg fgtfe rrr?épc?naégtiuusmoaid roxide i i ’

' ¢ Ragnesium 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 liguid 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.



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 tank without being completely dissolved or

dispersed, angsthuss3a-callad seales ane pione ibedorned. Arectiy
phenomenon that a%S%regates of fine %articleg tha%cantfot be dissolved or
dispefdd FEMEinih Suky 15 Yo iR Hodting™ Aggrégatds 18 5o RSV S ©f
occurpdapanese PatenntsPublidatian (KOKEK W) Mot 586013pdiscidses af a

slurrying appaajus for pIeyeniing dusling, UpeR .charging of finepartigles, . ;
into water. This slurrying apparatus has a slurry storage tank and a
slurryiig tEhiE e dvatBp Ahddeorfitltdd ¥6 HiE SRiFry S@mdgs tafk fiohgnance

the sigiecthgraei in the-sluseying dankia fine patticlenfeedingpipe S ter .

inserted from the water surface, and the end thereof reaches the -
neGNBABR8 o1 (1L BOTSHL e pARIGIES aré cBEGeyel by the A eaates
particé féediagmpé iwith:beaingtappliediwith pressutbentd injeetediidtorall of

water. frorg the endiottheRipe. Jhenfing padicles armthereby, mixed With.q or
water in the nelihborhood of the bottom of the slurrying tank and thus

slurriSRE bRV AR Gpbhranaie Chardde bR thit fife formed.
dustingrgambe esitppresseddygmixiagdhe dinefarticlesrand vater ab thezannot:

gclgsuie gldve Javention AS descibed A0S . £1oating

bottom of v(vfgstgﬂ.x% _
method of directly charging fine particles into a dissolution tank requires a

large2 2Ugioad eh st Lolledmty HiltEFABparatlS “4fd thus an apparatus for

the method begemesdarga.dMoreavari beeause (RAKURUANRE OBFakONS

for the dust gallection, e, ARPAAPS ARIE LI SAVBLING 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



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 hand, the aforementioned slurrying apparatus
disclosed in Japanese Patent Publication No. 5- 35013 requires
siinstallation of asturrying tank apart from theshrerstoragetenk, andis  an
apifisrefore it has aprablem. gt the apparatus becomes large and requires,
cost for the Installation. Moreover, when the slfﬁrymg tank is opéra ed”
ma 2R théR Stoppele fifié Particles Femaihiriy atthe lendosrl iriside of theffineer

appatticie feeding=pipe centaciwvith water, and therefore sealesaradikely to: ¢
rebgif%m&ed E[utt; sgr:;‘,[{gesé whi.cp ngl@/ cane a p{rgblemin kt)he next )
Gpération. Embodiments of the preésant invention Seek 16 protidé A2 smdit "¢
Pagizecmixing-apparatiss that can sturty fire particies without reguifing eost to
refQrimaintenanse, In agcardancewith afirst aspect of the present

invention, there is provided a mixing apparatus for mixing particles and

liquid™whér&in theaSparatid Eomprises: c§irfdricat Body Haing St ibwering
apppeningsandigrupperd openintythe €ybindricakbadyrhaving aniinnenwall 5-

3584Hace, defining an inferiar.extending along,g,¢eniral axis.and Navind g,

conical portion with a diameter which decreases in the direction towar
ththe Tower Spehiry frem thé tppersdpenfi: WHetem thé upper opermighLem
thserves@s:apehargings pogdomnebarging;thepasticles; a liquid feedingor the
ingRENIG, Povider.onapipncysige of,ine.qyindical pody for jaleging e,

liquid'in a peripheral direction on't e inner wall stiface of the cy?m&c?lrlcal
an@od@iﬁ%r@éﬁ@ﬁﬁéke tﬁéﬂﬁqlﬁﬁirféwélbﬁg thesinmer wWall of the'éylindrical or
inbody white swidingin.vorex::a paricle charging pineg, Lcompuinicating, ; <
wa g?Fagh%Pp%%%¥%¥%%éhagng%geng?é iikely 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



axis aligned with the central axis of the cylindrical body and charging
particles into the cylindrical body along a path extending along the central
axis of the cylindrical body, from the particle charging ripe to the lower
opening of the cylindrical body; a dispersing pipe connected to the lower
wa bpemingGfdhe cylindrieal dsodynanddadispdsediin iseries@ongtthe mertralthe
11 @Yisdn the dispersing pipe, at least twg-stages of dispersing boards-for,, . .,

dispersing the particles in the liquid, each dispersing board being formed
Whofa pldrality of tabuldl m8mbérs jSined ift a drdéiform arrangerfant In PPe

comam_rﬂam:en@ith @seﬁormlaaspeﬁppbﬂﬂe pp@aernﬁ_dmvenﬂmnt@_ere i5cgar;tra1
axPLovided a slurrying apparags for slurrying pagticles and liquid by myxing, ,
and stor?n_g slurry, wherein: the apparatus comprises a slurry storage

anfank ameca Mixifg apparatts providedion the slub§/ stérage Plaik, andbtie @
paBixing:apparatus is the mixing apparatus. acgording o thedirst aspeet: 1R-a1
b gccor ance %Vkl“;[h athir(tj ‘asi"oect gf the present invgntiorﬂl, there is §rovidec_j

“& method for mixing particlés andliguict, which comprises: providinga "¢
oL mixing @pparatus cfok nikitigithe particles ahddiquid; whereirethesd to the

Lo@Rparaiys,comprises: é‘b“é"ir@gE%Q@%QﬁVi%@%W%QHen&%BB%‘,@éi‘ in
upper opening, the cylindrical body having an inner wall surface defining

S TitefiorSendifig ABRGE centrat ixid "and Having X EoricAPpdrtisT - =*
1 ewith atdiametes ywhichodectieases-inithe direetiarstoward thedowersing the

pa@RERINgJrom t@r‘?e“pf’f&@%ﬂi%cYYlhe&?E}?tQEsL!LF{P&rQBEPH‘%%qMSS B3neq

charging port for charging the particles; a liquid feéding . 3a opening
oL prgvided 6h Bhtupper side B tie- cylifiarEd hody ¥BF fjeclingithe fiofdid i ™
ara pesipheral direction on the inner wall surface of the cylindrical body in

cndef§0'ggggrdance 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

3a



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 aligned with the central axis of the cylindrical body; a
dispersing pipe connected to the lower opening of the cylindrical body;
opandrdisposedialeng the centrakads instheéedispersing pipe, atdeasztwoocay
fostages of dispersing beardsifer dispgrsing the-particleg in-the.liquid,gachn .
. ,dispersing hoard being formed of a E)Iuc[aljté/ of t%k])lgj!ar membecl'g 'oiged ink
1 a%rudiform arrangement; c%a?giﬁa”thél particies through the'particle® ™4*¢
thehatgingisipetand alongadpatiéxténdifg aldag-axistof e cylindheslr 1cal
nobgdyrftam the particlg chargingpipe $0 the:loweropening ofdh@unicating
. cylindrical haody; an the same tim the charging, Injecting liquid.in_ .
W%H%Ae g%%ghg%ﬁageg'o%noﬁﬁse g{/]lcijndﬂ%g pody in %gen%%lag bor 9ostpdgoll?l’[ﬁr(_e1 =
- 1 appet'Spéiing “ ettt thef liquid fails Sfohg thelinrérwall of thespersing
pipyindrical dodydvhile swirkng lodferm avertex;@andwherein the/partitlesca 1
nofle infreduced.inta the enter oftheartex, wherehy the fine, paricles < g

_and the liquid are mixed. In embodiments of thegresen,t invention, a

PLE5cloné type E§iffidrical’fody FaVifiG a part wHosE Blamdtér déeiesses ih®”
ditheedirection toward adowet epening froms anl upper openirtgtis déedsarmd ng
bohquid s magdertorfalldn the inside of, the cylindrical hody whilerswiding. : ned

and therehy. accelerated tg ngeenerate a vortex ﬂ%"-}’fe':'%% Pgm%es are

“"charged into The vortex ow at thé center of the flow so-as 1o be wrapped ©

thithIRé vortex oW Grettheréliy thechothoare mixedtBy #igending along
axCharagteristie, fing pardiclesamay-naty comactwittrihe pner walkof the rging
pSdinddcal pody. and therefareclagaing,may. pot ogeurn e exlndricaly .
~_body. Moreover, because the pressure 3b around the center of the vortex

tbﬁbmﬁﬁéﬁbnﬁ%ﬁﬁégﬁﬁVeFﬁﬁﬁ charging, inJjecting 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

3k



thus fine particles may be aspirated, dusts may hardly be generated.
Specifically, the apparatus can have, for example, a configuration that a
liquid feeding opening for injecting liquid along the peripheral direction of
an inner wall of the cylindrical body is provided on an upper side of the
aroylindricakbady: tehe liguid:seppliedfrom fheliquid cieedingrepening fallsand

rnhile-swirling, op the inney wall,of the cylindrical. body. The upper.part of ;.

the cylindrical body has a fine particle charging opening. Finé particles
genfe éh&rged from the fine particle charging opening along the axial

diregtien-of thescylindrical bodyMoreaver, Jarexample, the apparatigs «, «

may be an. apparatus having a copfiguration that a fine particle charging.
i’ disgosed at n Upper dpering of he EyIiREcaT body. and 4 fguic

Lifegdingepipeds inserted it thescylifdrical oy at an upperside ofithel ©f
cneylindnical-hadys iThe @xial direction of dhe fing particle -¢harging fipeJs sete
to be approximate| par%!lel to the axjal direction of th% cglindr;ical boldy, id
Y4 Rinl Giraciion ofthe A febdiigBIpeERet IS 68 T L aua
f egpproximatety. paralfel to thetangential idifection of theheylibdrieal bedyiinct
' th@"sé‘g‘??n&%@é@' diggtion afthe fing particle .charging.pipe mayNoipe. - |
cily

exactly parallel to the axial direction of the cylindrical body, and it may be
Logigpdsed 8o thdt fin@ pattictes can'Be %ﬁ%ﬁgeﬂ%%@%en%&“ﬁo%&?ies
arthe @ylimdrical body, atdethus fine particles] sheuld mot eontactwithdhea 1l ong
enifne ol afithe cylindrieal pady. Tha gial direction,of the liquid feeding

pipe may not be exactly parallel to the tangential direction of the

cylindriEaPB6dy, andit maybe'disfosed 230 thatiiid éan bB&ippkéd  an
apg@ astosSwiH onithg inger 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



wall of the cylindrical body. The aforementioned mixing apparatus may

also have a configuration that a dispersing pipe is connected to the lower
opening of the cylindrical body. Inside the dispersing pipe, a dispersing

means for dispersing fine particles in the liquid is disposed. As for the
aforementioned dispersing means, the apparatus may have, for example,

a configuration including a dispersing board comprising tabular members
combined iAR" chidior EiPartferfthl Litfdr 1Re 2fofémeniisheqn the inner
dispersirigmeans;a tankifod r$tosihgdbeaymixed fine particles and liquid

can be dispo i nation,of the. Drawings Fig. 1 is a side view
showing the v%%%le%ﬁf%%%ﬁﬂ%gg the mixing Apparatus 1064c2of@ingase @
one efiBudiffiert bFotheprdsent tHivarrioni Fiy 12 kea Sectionabviesviof theche
mixing &pparaisn 109 1owndn Higshdrgc3 is Bgrtionaligw of the
mixingﬁ_%)araws 100 shown in Fig. 2 along A-A'. Fig. 4 is an explanatory
view SHGWing pamhs oFfirie SparitReahd fqaan s hixkigeppatagistine
100 aweotdingeto the dforehientiohetsembsediment. Best Mode for

Carrying out fhe fyention Aspixind apparatysacsording to one .
embodiment of the present invention will be explained by rer?errlndto %he
drawiHgRTRE WiixPRY aPpEFatus AOoSTARRIEmbdb dife At arant Appafataguding

for slarrgingpfime pagticleshy mixipg ibemgithpiguid- FaePeNGonbined in a

appa@tﬁl&]i%orﬁogkpgg%eése% o glone type 5 cylindrical member 10 and a
dispersing pipe 11 connécted to a lower part of the cylindrical member 10

as shown in'figen. e ejclonaapsd ephsdrnbiaimember 1@ isa patt foink 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



generating a vortex flow with liquid so as to catch up fine particles with

the vortex flow and thereby attain mixing. The dispersing pipe 11 is a part

for further mixing the fine particles and the liquid mixed by the cyclone

type cylindrical member 10 and attaining dispersion. The cyclone type
cylindrical member 10 and the dispersing pipe 11 are supported by a

trestle 20ldisgosed bnrasghany t@nkr30 fordstering siurgy pA fewen opeag-ted to
of the dis Ing,, Pl ES i p ing of the,slurry . )
2k 20, By U part o the o He el gl Ei tn Fis-
fine particle BRafgifid Pie PR Siblitedr 1T thramecpanitld shargingt for
pipe 1§gaéhft€t|[§!?§i0i$ v@%ﬁéﬁyiﬁgd?ﬁsﬁﬂ@dis_lmt%% l_-'§-§"g:§ catd(:h up fine
connecting 1o ...The fine particle copveying ho is connected to a_

tank Xf S%Jé ?neespgﬁ%e %%?ry?ﬁgr-%neﬁerﬂ%?ﬁ 43’%/2% ??ﬁ{eeWarﬁEI%am mixing.
conveyliy gipengs sThe finkopartitidsscarriealy fthe fierpawticlenixing the

carrying-if vehicle 40.are.sanveyxed yig, the fineparicle sony M%Bifo%ype
44 and the fine particle conveying hose 42 and charged into the cyclone

type EYifndHEat frdmBERARF viAthatthepditis Briafdhig prse or3. Obe

side of the @yelongoty peyaylintricah mershee 103 @ hauidfeedingspipesizis pipe
provided conns ith,a_liquid feeding, hase (not shown in the
draw%egl;).ngiguid IS (gé%%ﬁég%ntao t l{ejgcs;/%?oen%gg/r%% cséﬁlsd%ca?rr%éamﬁe}liﬁy tank
via tHi8 li§Rid fetidg Pigd WX The Bharyerfine pattides anthliquldspersing
becomepsiutry by dispersion of ihe fine pasticles dp dag figuidewhile ey,
pass thgj Othe cyclone type cylindrical member 10 6 and the dispersing

pipe ﬁ. and the slurry falls into and stored in a slurry tank 30. The

structure of the éyelowe typeeyhindricathmepsdone type cylindrical

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 liquid while

they pass through the cyclone type cylindrical member 10



10 is specifically explained by referring to the sectional view shown in Fig.
2. The cyclone type cylindrical member 10 has a cylinder portion 10a and
a conical portion lob connected to a lower part of the cylinder portion 10a.
A. lower opening 17 having a diameter identical to the diameter of the
dispersing pipe 11 is provided at the end of the conical portion 10b, and

the loweg.0peniagds spenragsied.iotheupperopaning of the dispersing . .

pipe 11 with connecting members 18. Further, a lid member 15 is

attached 18 & upPef opeRiny of fit cyifhder portion 10a. The
aforementionedfiaespanticte: eharging ipipe- 3 isnivsered and fixed atihe nember
center gf,the Ii%mem?g 1p The_position of the fine particle charging pipe .
13is adjt_Jstlesd s%etﬁla_t the cjé%tr%jlqgg%lgfe t%e%%erﬁge}ei%é%ﬁa@nﬁ p&efgional
should Cofkespopidrioitheldentral -axiSiof theeyelonet type cylinddedlcal member

memberclG.F=urthery the afererpentioned figuig feeding, pipg ﬂ'zpiér,t ion 10b

attached to an up éaart of the outer peritpheral surface of the cylinder
portion("f(‘ﬁgl gt

er

cyClofe YBE CyRRbHCA nidhbeY 1brss BnBRAtikdmgl a - A

and Fig.c8awhizheshiows tie hsectionat viewwmadang: ArAcindicatedis Rige2.

The Xl fliection o' I A [S8CiRY, PIRG 4273 JREIMIOEIEPS . che end

parallel to the tangential direction of the inner peripheral surface of the

cylindétpdrion T “ie Rt 6P thé fHuicPRRdikG pieere? isprbéossed

into suchrmshapd thattihshoplokfit theeurved sarfase shiape-obthejinggse 11

surtace afihe euliades pertion0a. Fugherore, s showiip figs. 2and

3, the dispersing boards 19a and 19b comprising rigid tabular membe

fixed it & erteBriartanyerfent aretiked if thélredispetsidgpipeition 10a.

along the cepsabaxisidigeciionohthe, dispersing-pipehhasgapliivle ;.

stages (g% Sages el dn Fig 2L Iheqieperano Roard 195508082 e
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.

Purther, 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 into 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 1%a and 19b comprising rigid tabular

members fixed in a cruciform arrangement are fixed in the



directions of the cruciform tabular members should shift by 450 with
respect to the cruciform tabular members of the dispersing board 19a.
The dispersing board 19a and the dispersing board 19b are alternately
disposed. As shown in Fig. 4, because of the configuration described
above, the liquid supplied from the liquid feeding pipe 12 flows in along

the periphepal,disection ot the inngpgurface eéﬂf&%y'm%pgff(@@ 938, of the
and falls .while swirling on the inner wall to form a vortex flow indicated

with the'$7RBET R B2 L rifeh, 45 hid HrarfBRsIest thelcoriéalysertion total
10b dedreases, the switlirg deipeinsohthavertax flow issagoglerated IRhatr 1he
the coni ttion. 10b (jndicated with the symbol B in Fig. 4). On the

other h‘g%%l? igéog’asrti&%s%ﬁ tSJ‘EHSlc%%%l %%?PEF‘?hfé‘%%gﬁﬁ% fpauld shift by
cylindri¢al nisriber ¢orast tHeretdre areuchfightir:the:tenterofihe yostex:he

flow angh eyikad with thea flow.sthe fiayw ofithe, mixturg of She liauid and fine
particles, mixed jn th%cyclone type cylindrical member 10 crashes into the

uppermostdisparsing BoHtd 1oa i fhe? thsTeriig-Bist! R irkicated with

the symbol C #ksFighalyn Thus;ibe flow bEthemixture is dividad Lyather i on

disperging.poard 193.and pasged thraugh each of four regions . .

partitionedcby the cruciform, and tﬁ(?rebi/ t%gﬁfa%ﬂ'g én%fﬂrrr?eg[géerticl:fb%u&d

the mikRFEHE firder hixEdurtidaed With HespabbPIereRigd iy ection of

Then r,];mtﬂnmnksrtsr;cg_e:ssjue_b/fdgmfteétplygigia@iﬁ%ﬁﬁing)gogggs, 19R®fra11s

secong, stage_to. the. dispersi oards sixth stage and passes

through the_m,S é’ﬁg t gr%b?/nthgegﬁovﬁ? (ngggt%%lf Odi§%r§8 And Phikey, £Low

When thedicve padses thrdiigh thentdispérsing Board 40b of thensixtls the _

stageqthedine pasiiclesd asneermwlelebrdispersed i theligud and, o515,

slurrie@éjgg&diti%% %flange 1126 S |%rlovide_d on the periphery of the _

connecting porfion of the cylinder porish 10a5hg - erated 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. 43.
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



the conical portion 10b of the cyclone type cylindrical member as shown
in Figs. 2 and 3. This flange 16 is used to fix the cyclone type cylindrical
member 10 on the trestle 20. Further, on the outer surface of upper part
of the cyclone type cylindrical member 10, an inspection window 14 for
checking the inside is provided as shown in Fig. 1. A door that can be
openedand clogerkisaatiached-torthadinspeetien windew kbHenmeafter.the

actions of the membeyrs.of the mixing apparatus 100 according to this )
embodiment will bé C%Iﬁétcﬁﬁgéllyae%%?nieg%g eX@niitying4 c38e Idte periphery
slurrying £ sidke dtirhe e dlichampeydroside) hytimixing Mithiwaterto: ferm10a and

calcium:hydeaxide slurpy, Fritsh, as ghown in,Eig. J.. the fing particle, . . .
conveying hose 42 is %nnectgd to the finelpartiglne charg%%epiggl 73" \(/jwrthCal

the conhBtting BBl 3321 e fhe Iiftick ifielingMehicle4mapphés as used
pressutetd shakeik lime:tarriedippthectankedil ie: sengditesthe;fing, pagticle
conveying pipg. 44, Th ime is conveyed to the fine particle
chargingepipe 13 bci/ th??i?ﬁ%ﬁclgencogr?\?ey?r% eﬁp%uéff ahd tRe fiper rart of
particld-EBnGeihgfoderg. THe legmieped Skikeeklirhe falis fronsithe ehoh

of the finedparticle ebarging iRe d3ralengthe fenfal axis,okthe Lfyclang., in
type C)élipdri I memper 1(%tra(_:ing thebpath shown in Fig. 4. On the other
hand, Wa?e'rc(lz'mulsi NG WALE?) IS BugSIied BY Edretind oS fatertetiinghed
hose riet showi isithetdrawing tolthe liquid feeding pipe 12_ Because the

supplied wategds diected, along thednags PsEPRRLAL, SYHace direcpion of. .

the cyclone type cylindrical member 10 9 from the liquid feeding pipe 12, it g

falls W?ﬁ%asﬁ%ﬁﬂ?g ORC RS rMET Yoprae &b LRofmbincimeat THeSwiring

velocityref-theiwatenissagebierated ytheceapicat portipn: case of siurrying
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 btype 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



10b of the cyclone type cylindrical member 10 as the diameter of the
conical portion 10b becomes smaller, and it forms a vortex flow around
the lower opening 17_ Because the pressure of the central part of the
conical portion 10b inside the cyclone type cylindrical member 10
becomes negative due to this acceleration, the slaked lime falling along

the centrabaxisifalls squasitabedspiraieddntozthe; cendanef heivIeX i v1ing on

flow, thug wrapped by the vortex flow, and mixed. Moregver, when the
amount of Wa'geres%p%&ilédaf?gmatﬁesﬁjqdﬁ“fa feeding pipe12 18 fargét e n9
water stiFfbeel by tiie céhalpdnt of the aorteeffewadmes taa pesitiedl portion

higher than the loyer gpening L,and-thet lime is
wrappeélléigéI the vorte;gﬁglw and r%ﬁ%&gge%@r%tg %ﬁvﬁgﬁ%ﬁer%%e%lsngt }ﬁ.

As desCriBea Hhove! thd Sk find Mkdd Fn'thle bereRTowmadHes, and it
into thef dispersingepipexd Iffrom thesdaweriapening A 7oalthedlow 1ate ©f -4 :se
the vortex flow and ,crashes with the uppermost dispersing board 19a. By

this crash,,%eeslak)éd Ii(%?e 1Zl}r\% v%é%rafkjrg ffﬁtlfwéeronﬁ%% Qrasver, Bigg tion 10b
crashetP\7ortex ib® avd srikedUime arel dédadtorenirdlowsbl doemes

crucifoiidispeesing boasds nard ace duebet Mixed hy-PassaaRthyoNaN, . 1 1 4 g
each Oafo% fo(?g1 re ior}:sI%q[rtitionenga%Hhe cruciform dispersing boards.

The water and sfaked limeé that pass aroind thé didgerdhg Hokrd igh épto the
the first=tage redcittive dispersinglbvard-19b ef thesdcond stagerdheyx flow,

are thus divided alongan.angle, differentitom that.ef e dispersing baard,
19a of the fir tstage, and pass around the dispersing board 19b o the

second " SBg&Rand tHErshy ey Are fotitferiixed. IThefeaftdrewketryerur face
they pastiarounerthedispersing boards 16-19a antkiOk-ofthe thirdi SIS +ion

t_O th?ﬁ)&ﬂe?agﬁaW%%reléwggegfﬂ)xq .Xﬁq}_B r¥ ist%p%rgyggéska})kgds laked
lime is completely dispersed in water and slurried. The sefurry IS
lime 1s wiapped 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

10



discharged from the lower opening of the dispersing pipe 11, falls into the
slurry tank 30 and is stored therein. The mixing apparatus 100 according
to this embodiment uses the cyclone type cylindrical member 10 having a
shape imitating a cyclone used as a centrifugal machine, and has such a
structure that while a water flow (liquid flow) is made to fall on the inner

wall of thexcyelanedype eylindricalmembero ‘lﬁ@nﬁh'iémé'i@&’}ls'@lf%q{éifnethey are
(fine p gﬂ%se_) Is made to fall to the central part so that the slaked lime

should B ciGhRFHESiTex ol SrhiedPH0Rh e SP&kRg 17 AFthe
center therpdt tAdoordingy, r teel stakeeklirae does natdireetly cortactsyittry ;s
the innge ne.typ jndri nember 10, therefore . .
aggregsa%esi¥ %%%e%?a%%%rﬁg %o%r%ggdﬁé%%ltmo%%eoanjg%ewg :’ Rhdtned pipe 1l
slaked fitrle 8ahMe& slthfed WitHout Eausint ciogyihg. Morevethsecduse
the water flowsvdrlingandheppaes wall afsibeLyclone type syindrical noainent
memb%rs%g i%h%ccelgrflt%% t%ward thelerqg of th coné&al}rﬂortion lob, the

o

r ég ﬁg@gﬁvé a shape

pressure in the cygl%neotype cWﬁdﬁga membér 169
around-xhe- powerdogening on €T herefbres the finetparticied chacged fronand has

the fing pastiglegharging-aienkd afigiaspirated toward she !9\%’&69(9991'% is
17 around which the_pressure becomes negatlve, and thus dusts hardly

fly. As"EHEshit, &Ry toRtertiSndi st coNLLLAG fiftRF apiatafis ke

removing dustsiisaiotwenuired for #iel mixing iaiar@ius 1G4S 1ime (fine
embogimant. 20d maleaanCe. gt 2 Aust apllegling fifer,aPRAANISS PRL phe
required either. Moreover, as apparent from Figs- 1 and 2, the mixing

apparatseoo bHifis Errbddintentdrawhsimpld bylivancar 11 strudtarmed
and therefore itean de-easily produeediat & oW GO EHEREIMOE; o rdingy,

gﬁﬁf‘ﬁfgﬂ‘%?%%, 0 APRETANE ORI SMALIPLASTANELONE tnner
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

11



unnecessary to separately secure a place for installation of the apparatus
beside the slurry tank 30. In addition, it is also easy to remove the mixing
apparatus 100 from the slurry tank 30. Therefore, the mixing apparatus
100 can be easily installed at low cost on the slurry tank 30 requiring an
apparatus for slurrying, and can be removed as required. Moreover,

becausg the mixing apparais, 190 has; sugh a siructurg ﬂgﬁtg%ede%%i&'%% a low

should not contact with the inner wall as described above, fine particles

do not&tick-to fHE T HAIE At hailtBRaRts theredtig ralsy 2ak)? is

In the nsixing apparatis 1RO obthe:aforemaentionedembedimentowhend it is
the amount of water sy plied fron%gle Iisqgid feeding piEe 12 is large, the

flow rate of the’ vortex flow A150 becores 1arge, and itis conipletdhy hiixéation
with finefpattic e nteteyclone tyive Epkndrioabmentsr 30, andislaryingion,

is attained; Whan the. miyingJs,caftied eubundes suchaeondiion. 18 ¢rom the
dispersing pipe 11 can be removed from the mixing apparatus 100, and

the cycioHE Typ& & iintftical THEMDE? it alohe CHR BRUSER A eifagd 0 can be
and areangement ot tha dispersingwboards dQaand $9hdispasadinihe

dispersi [ re limited ta.the cruciform shape and

arrange?ngé%tpfgigé %nth%bgr% é ﬁn%fr?}t} asr%ltﬂlé l(?"l%_'y be. f% gadrésﬁpédremoved as
shapeXFoteboer, dmeeie hunissivitheldispaisiag boares185hd 00 has

19b, ajtheugh six.stagesoftha dispersing:beatds:19a aneh 196, Aresad -+

in this‘%r@gogﬁgeqtﬁgemax blelingre ee(;d or,bde rggsed depending on the
conditions of Slurrying. Further, aithough an exampie of prodiiciRg catdidff 9o

hydroxidé sttirrglbytasihbsslaked: imeachicianthydroxiden inasifine thereof is
particles and-waer (emulsifying water) as liquid was explained in the

aforemention%d embodiment, the mixing apf)ggatug o&lthis embodiment is
not used only'for SRFfikg 9 apparatus 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)

12



of slaked lime and water, but it can be used in order to carry out slurrying
by mixing of any kinds of fine particles and liquids. For example, it can be
used for slurrying fine particles of cement, quicklime, calcium carbonate,
magnesium hydroxide, magnesium oxide, calcium hydroxide, clay
minerals and the like by mixing with liquid such as water. In addition,

althoughstheaxial.diretian of the; fing particle, Gharging.pipg 13.s,setto, . .
be parallel to the axial direction of the cyclone type cylindrical member 10

in an afdtEmertiohEdrEmbddiient e AEEFRICED 8Rabtly ofdmgRE ardit mixing
may bexsetsa thet fine patticlesican ibe:rchatgedde the eensial parbef theyrrying
cylindrical r without contacti ith the inner wall of the
czlindri(ggl gn%% Ser}l%!}eFt?rItj#er‘,g at‘k% E&i%ﬁreﬁoﬁa&t e liguid feddifgier to
pipe 1Z/dYn6tbe eXaEtyparaliyl withbntarrgertiat divectionadt théne
cylindrical- siember A0aang t imay be-set g that iguid.can,be;supplied s,
as to swi'rl on the inner wall of Ih%g%lindrical member 10. Moreover,

|

althoudh fihe patficley & efdrtedintS the Bictdne Bbe Eirtricata Loinm
member 10drareherfie: grartivlerghbrgingipipentdrr therenbadieenta cium
descriged ADOVE. It ISjalsoNessialedoyse yeonfiguration thatithe fine ;5
particle charging pipe 13 is not provided, but only an opening is provided

at the EBAlerT tHe i’Fmember 15, and fine particles are charged through

this opening. Imthigiddaseythedinempaticle cenuaying kase: 42 cannectede rine
to the_ fine pasticle carrying-in vehiclg 41 can be directly inserted into the
openirzl)g Ef the ﬁd mégr%%le?%to%‘upa?g%%inles pséerat?clg(s). 5 Héred tieefl,l to the
exampresdf tHé preséatirvention wilderexplaipeds Examipled) member 10

in an aforementioned embodiment, it may not be exactly
parallel, 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.



As an example, slaked lime powder and emulsifying water was slurried by
mixing using the mixing apparatus 100 having the structure shown in
Figs. 1 and 2 according to the aforementioned embodiment. As for the
sizes of the mixing apparatus 100 used in this example, the cylinder
portion 10a of the cyclone type cylindrical member 10 had an inner

diameter of 30@4ranand 3 lengihef 600.mm;angthe; Sonicalpartion10b; 11 1.
of the samgl harq %n inner diameter of 150 mm at the lower end and a

length STHOG mim- The liquid feeding pipe 12 was connected to the
cylinder postigni0a Jat a position of 300 mm from the upper end thereof.

The liquid feedi ip an int el f 80 mm. The fine .
particle chargi%1 gaige %%%é?%n %%Er%%%%girﬁgtgé%%? 00 . %%Sl?y g
disperdiA§ pip&’ad Fadanipteral Bianeterushi 150 Fe avie briengtipefatus 100
800 mis andgvas providestwith theodispersing hoards 192 and 19b.0fis o
stages,; SQSQ%WQJIQ Figioz. \é/hilgbslgked lime powder was supplied at a

rate of 10 t6 40 fon/hour frorm The fine particle Shargitg pilfe 132es of the

emulsifyiird vaterimdustdal\Watery hdving 4 wedertemperaturbofdylioi nder
85C was:iniested o e ligui é@@g@gteésg 12,34 3421600 20 QS 16 hag

m3/hour. As a result, the slaked lime powder was mixed with the
emulsitVing Wster SB9RE ThixiHy APPaFRtugnBe ahtPitl GiciGRf mm, and the
hydroxide islatryplanvingra tigsobitiameoneariration oh 2006 oF leESaeotdd- of

be progused, The piaduged.slurry fellinto.and was, storeglip the slury, ;. o

tank 30. Dusting from the mixing apparatus 100 or the slurry tank 30 was

not obsEFFEd AMRHEGVER Vitten B BRFHER the Shryrtahingewaprtion 10a

examimed: apysaggregate of the fine thd patticles:gpe fo defeetive Bixing 71

was npf ghearvetka(RAPRIL 2 By uaingdhe same miing apparatus 100,
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. Moreowver, when the slurry in the

slurry tank 30 was examined, any aggregate of the fine
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in Example 1, while quicklime powder was charged from the fine particle
charging pipe 13 at a rate of 1 ton/hour, slaking water (industrial water)
was supplied from the liquid feeding pipe 12 at a rate of 17 m3/hour. The
quicklime powder was mixed with the slaking water by the mixing
apparatus 100, thus became a suspension (slurry) and fell into the slurry

tank 30 pRustiRg &orauthe: Mixing-anpaatus 109.prihe slury jank 30.was

not obs?é\égd. ﬁg fgr) the suspension (slurry) in the slurry tank 30, neither
aggregates ofEné fine particles due to defective mixing nor non-slaked

substance wasibseried. t(Efxample @iByml@i@gaﬂnﬁsam MDONGs that used
apparatus 390.as thatusgd s in.Examnls 4, w ?&%@eﬂggo%j%g\é%s from the

charged from the fine_particle charging pipe 13 at a rate of
ton/houf; Ufsdtditidis Watek thgriRuid WwatekPhading & Watep feinperatireur,

of 1 to 853G wias supplied fiomdhediouid wieeding pipe 12,81 2 @aie of 20 19,
75 mslgglér&i'lmefggglent owde{?N%% mixed with gue dissplution water by

i i fell iftd Bf& Sturry

XL ipe abe o
the mixing" apparatus __DL% ,_t%us ecame sIurFy an
tank 30. Thus, Bigrryhetkdgeedisssigiornresneenteation: 0f 50% oflessSng water

could he,praduced, Dusting frem the mﬁlngtﬁ@gaﬁ%%rﬁeo%%&%éh“é%
tank 30 was not observed, As, for the suspension (slurg/% in the slurry tan

30, no ‘agatetiate BFthd fine p&tRIdLus Y Hetediikmifing Wasting from
observeds (Exanipie 4)taExampledd, uvsednvassa stigtuenthat fingas not

particles, (calcium carbopate)stored in,a fine parficle, storage silp were
conveyed by a screw conveyor and charged 15 into the IXing apparatlﬁg y
7.00. AdtHe AfixingSadpsratas Tovd 248 appardhs Havingkhe shpdes due to

configurationtas vsad:innExanplech wasused.sThe SEIRVM CRRYEYELEUL o4
down qaleiym; o 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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carbonate powder from the fine particle storage silo, conveyed the

powder up to the upper part of the fine particle charging pipe 13 of the

mixing apparatus 100, and charged the powder into the apparatus. In this
example, the screw conveyor was operated so that the calcium carbonate
powder should be supplied to the mixing apparatus 100 at a rate of 2 '
ton/houcMoreever; emidsifyingraater (iodustrisb watennyas sypplisdtarus 100,

the liquid feeding pipe .12 of the mixing apparatus 100 af a rate of 10 .
oL . TRE LRt Lo hANAG B LT Wag hASd Vit e mtRRir
water Byahpimixing'appasddis 100ethusrisecame va suspensiavsiutry) ¢ iun

and felLipio the slupiy.iank 304 dyst %@}?&t%fpgP&%\ée@%%ﬂ@é““%?s
installed on the slurry tank 30. Even when operation of the dus collector

was stOPPEd, dhdte Ry ishediohviltdwsmpe dary enkBe Wase
opened, diisting was npt opseryed.1As dar thee SUSREASIONAASIHEYLIN hes, ang
slurry tank 30, ng aggregate of the fine particles due to defective mixin

was o%%aelf o %Oﬂ?ﬁ%‘?gﬁ\% %t(taomg e 1) The lﬁ%gfﬁsg ap%%rg%ulsslﬁﬁ Fpple,
Examphé€ | fzscrensoveis iesnivhe fife pakfcle aisshationt apparatusinmsed

in Exampler (khencalciumearbenate popger was-direstly Ghargedinio, v 2 vy s

the S(ljf'B%/ tapk 30 from thﬁ screw conveyor and the emulsifying water
was directfy subpiattothe’ disSHIdieH tank AS s UICHRLERG VRS Water
notabdépsim@ﬂh?eaiusteccﬂzlebtqra_movidmd @adh@@iﬁq&uﬁdmaﬂk faustibe; pipe
opergted,, 16,GLAIMS ; 1,AMp4nganparglis for mixing patidgs and,

liquid, wherein the agparatus comprises: cylindrical body having a lower
opening and B uppér dPBniREABEYRnbAESS Bot havirg arrinHer v
surfacerdefiniiyg ag intarior éxtendingralong.a eeptrabaxis and, having & ecame

conical gortian withya diameler,which degrpapgsdn fhe dirgction towgrd,,
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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the lower opening from the upper opening, wherein the upper opening
serves as a charging port for charging the particles; a liquid feeding
opening provided on an upper side of the cylindrical body for injecting the
cLiKwsin 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 in a vortex; a particle charging pipe communicating
1. withsattking pepepnnigr havimgmaridentrahdXigutigwadraitiirth epgentiak
couﬁﬁﬁsgé the cylindrical body and charging particles into the cylindrical body
ong a path extending along the central axis of the cylindrical body, from
the FAIRERSBIRAEINGANIS B BNETSREPIDREHH GO HERSCORRBISaPBSHnarical
dy&wwwmemm&md&mi@wﬁ PRENGIG Ak HngYAiAgcatbREY; axis
ange i, dissosedin series alang the coniral axisn (e disparoing pipe, & are
ges Gt ispersing Boar ispérsing the particleés in the
thelitpuid; epehindisprsing uboarg@issing., fmm@,&irom plrreligrehinhetares as a

chGRPEss isinghiBiRnicKaRR&rangement. 2. The mixing apparatus
according to claim 1, wherein the cylindrical body further includes

cyl|naéﬁw8ﬁ‘?§ﬁ‘ﬂ8\ﬂﬁané[‘8c?ﬁ§¥éﬁﬁqr?He%‘ﬁa%%‘céH&ﬁ W%Pﬂﬁ‘éifé??é%ﬁadi’h*@r
injectimgahp dotideh iardpexiteia gitedie wppee apesmglandfzdecreinethgihgick!

bo Eﬁ?qi%t@%’ﬂ%?tﬂé‘% gﬁqzﬂlnaﬂ)ﬁ%eo %WQPQF%O&%%&J%%/ white

IXing apparatus according to claim 1, wherein the uppér opening o
SWHIMSATERY BERY is covered with a lid member, and the particle charging

pipe ﬁpﬁa@@ﬁedé@agghaﬁﬂeokh@hmaﬁﬁmgamhesQMQpé‘r\@mﬁn@taéhag a
ce ”Je[:é’%éjé QQrFaCQRg gl & m'x'yg%c?r%o%a%ﬂg gaﬁqcoﬁd'“ P féYes
ereln e at eas ISpersing S are spac along tne C ntra
intiie ewtidiciepbesing!bodineviicadina ginas e oreleansis ohtiise

cyRRENR %@gdﬁfﬁf@dﬂb‘cm6@%%%@&%%8@@%\%@&3@%%%%5 cylindrical

dlspersm oard. 5. The mixing apparatus according to claim 4 wherein
ch dispersing board has a constant cross-section perpendicular to the
centrakigspsigmgheshapmeftad ¢odss, ithveugheningofdhgttyitlongahsdy, and

Centraga&%oﬁn%ée'ézaaﬁane%@wa agronding Iﬂs@l@r@mé Ubergineatho

dispersing board divides of liquid and fine particles into separate and
stwa”)&qamrﬁmgoards for dispersmg the parhckes in the Hauid, 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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7. The mixing apparatus according to claim 4 wherein each dispersing
board is arranged to divide flow of liquid and particles into separate and
parallel flow paths. 8. The mixing apparatus according to claim 4 wherein
oriedaghiodispersipgrienetihasaamigaherieinfoto oranttaid hyiin fsdmdhe
disogir%p&atti)%g 8f an adjacent dispersing board. 9. The mixing apparatus
gccoraing {6"claim 4 wherein a liquid feed pipe is joined to the cylindrical
body at the liquid feeding opening and has an axis oriented to feed the

5. liquigiate:Sine;iBiRips0t thesxingrisalArdy Wadirestion hssaiahioBard
tangent to the inner surface. 18. The mixing a Ip?ratus_accorqe_'ln to.claim

nas A SRRSO RIRG BB AT AL el SR DA GAIE: AT hRB T fiRs

crasgotseparate as tpattabelfiptigathial &xi¥he mixing apparatus according

to claim 1 wherein each dispersing board has a constant cross-section
perpendicular to the central axis, in the shape of a cross, throughout its
8. length&IBYE tharRaRRiLP A6 H TR IRiRing dSp alf afiFs A StRIRIE S & i
dividewhereinigachzelis peesiagibrarthic kigesatto wnof disyaic eohfingparticles
into separate and parallel flow paths. 13. The mixing apparatus according
to claim 12 wherein plural dispersing boards are spaced along the central
7. axis Al MNEECAPRATEH Bi3RRITITS B &IRIMAsVEIF ERY GRAIN GiRAREaIshboard is
arshifiedibyidadrosn traiQiieadionaten Aiaca-aisReisha-NRardwl Salid.
The mixing apparatus according to claim 1 wherein each dispersing board
is arranged to divide flow of liquid and particles into separate and parallel
8. flow phthrsixitg.dpheratidngappnatosiasecramgronctzich disdeesain beerd

hal@HIEJUEMPRIR Al S ARk AisRPIENg Haakd Sﬁt&ﬂ%@ﬂ!ﬁ'%gﬁ‘y@éﬁtfmm

“the central axis and are orientéd to extend parallel to the central axis. 16.
disRBIAY PRA%pparatus for slurrying particles and liquid by mixing and
storing slurry, wherein: the apparatus comprises a slurry storage tank and

a migng ap i : slur ) t iXi ,
0 opal e B R = S 0 G o
to & SYARGE Rt EOFLiFG e diaite e dingcPaRT ite ANdas iy Piisoiased fevirsc
thORE DI htansk theslpver pReriRtatihaigReEstne:iBR [saiaserted iBleyant to

th%ﬁrﬁp?é?gupr{a%wded in the slurry storage tank. 18. A method for mixing

€es ancfeliquid, which comprises:

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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providing a mixing apparatus for mixing the particles and liquid, 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

14.p°rtiﬂ§‘e"r‘ﬁﬂ?ﬁ rrﬁ‘g %igp%?éﬁf Jeh sdecreases in fhe direclion faward %\Q%&%‘%
opening frontthe ipper opening,” wheérein the tpper opening serves as a
arrenaediigdpiue forve Ralighig ene pritisesdnie sewerateansyreiRliahippresioed

on an upper side of the cylindrical body for injecting the liquid in a
peripheral direction on the inner wall surface of the cylin ri?al body in ¢
15 ik o THAKS GRETERS FAFAIGIG R o) WA GH o1 GO eoe BaT ©
easvhiierssitio pparp avtieledcladigin g piwerddrom dndcagimpivtisseid appetented
to Qﬁgﬁyga%%i hayinga.central axis aligned with the central axis of the
cylindr

Ical body; a dispersing pipe connected to the lower opening of the
cylindrical body; and disposed along the central axis in the dispersing

16pipe pasileBaidwpp stage sofdispargingricesdsivglizpeysingithenpasiotesy

Smi{rll, tlhvghleiaggii;g, each 19 dispersing board being formed of a plurality of

apularmembers joined in a cruciform arrangement; charging the

partiflespaats tunpartde haryislgpretant aneriyrapagrarbas eing
prélRig Bxigmetiie \culirdsic abhodndrom the particle charging pipe to the

lower openiF@of the @/Iinq ical body; and at the same timeta

; [ h
e R TSGR e e RIS T Al HoR B NP A AT cal body

in the neighborhood of the upper opening, such that the liquid falls along

j7he i%%rmm%ﬁgsp%ngr' &egeg Whilei sWIRINGHS S0 R & HORS i Wlne

whereln the particles are introduced into the center of the vortex, whereby
hatha e [SRRTISS 3R RYBIPRRS RN §'SRSFRAARIPSCEJRERTIFoInto an
or@laing bblirdaen cemprisingorapeasedly dividing flow of liquid and fine

particles into plural parallel flow paths at an upper end of each dispersing

board and converging the plural flow paths at a lower end of each
1&dispetditrj90-ed tohnemBtEciamYg SRHR NG spaRiIRESarticles.

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 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

16
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20. A method according to claim 19 using plural dispersing boards spaced
along the central axis, each dispersing board having an angular
orientation on the central axis different from the angular orientation of an
adjangms rdisg eesirg daoey doie dPome fiodiag cdraingoncimiine20joreteme

each d| ersi n%]ge&)gﬁ%g@s a constant cross-section perpendicular to the
orm afl
centfal z axis, in t € of a cross, throughout its length along the

centadEng. he. D&rﬁﬁéﬁtﬁéﬁf %FW@%%%WHH%P&H%%W&S%@?@M

ext@@@ﬁé bish@RxaNg U &iapialoBcHifeshbind pi@actBrapgiagtpifetofan
adjacent d S|n oar 23. A ethod according to claim 18 wherein
Bgﬁf?ﬁ’ %l’c%t% the inner wail of the cylindrical body

and ariter Shmmmd %Mwmwr@emménant@admmwéhﬁrmgwm@i@érecﬂon of

tneaéyﬁn@%%teday'mﬁ@ Aﬁ Hivie anekfing pastie sgRa &t Madiquid
parallel flow paths. 20 MIXING DEVICE AND S UR YING DEVICE

fa“z\slsmae;wwﬂhafH&%%&é'&&?&%@%@fﬂbﬁ&%{mﬁdf?é&%é&f?

whEk8hahwpichcidicmetetrisivedttad frendttarppgen@peningwhdostarthe fine
paggpm% éq |& argr%%d while being whirled in the hollow-cylindrical

0 acce erate It ‘and produce swirls. Powder is charged in the
center of the swirls so that it is enwrapped by the swirls and mixed with

19the wﬁﬂ&ﬁﬁd%&@ﬁiﬁgw@imIawmmmdcf&abbadg -does not clog because
he powder oes not co ﬂico?ﬁactd ¥\/|teh tg%lnner al ofF

houoxﬁpaﬁﬁ M@g«a&gy i paricles o Bldal Baralle flow, |

€ pressure hear the'cen
patiecatrapsipegaive pteatiativre psdvedesdsisirskeanveosing tavitieralitpw paths

at E%@&f &M%ﬂ%é%ﬁ%l&ﬁé»gmg%wwg%é[@wwafqﬁwma Somipact

and capable of slurrying powder with less maintenance expense. Figure 4
paglicies.

20. A method according to claim 19 using piural dispersing boards spaced along
the central axis, each dispersing board having an angular orientation on the central

axis different from the angutar orientation of 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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