COAGULATI ON- FLOCCULATI ON APPARATUS Field of the Invention The present
invention relates to a coagul ation-floccul ation apparatus for treating by
coagul ation-fl occul ati on an aqueous suspension such as excess sl udge

di scharged from bi ol ogi cal treatnent process of organic waste water

sincludi ng sewage water and, particularly, to a coagulation-flocculation

appar at us capabl e of inproving coagulation-flocculation efficiency and

-allow ng the apparatus to be nmade conpact. Background of the Invention To
" dewat er sl udge such as_excess sl udge di sch?arged from biological treatnent

process dEOgkGhHi 8 TURSNG ML ULATIA ter,

coagul ation-flocculation treatnent is conducted by adding a polyner
flocculant into the sludge to formflocs and dewatering treatnent is then
conducted. In the coagulation-flocculation treatnent, in order to form

t ough | cEr:lé of gl Tovéntisrove dewatering efficiency, an anphoteric polyner
fl occul ant nay be added after an inorgani c coagul ant such as polyferric

sul phate is addege P?ed%@i‘ﬂ‘iﬁﬁéﬂt&ﬁl Fe1ateg8 00 cé%%llaﬁﬁﬁgmc&ﬂgﬁpﬁa is a

schemati c sectional view showi ng a conventi fl occul ation reaction
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m xed by an agitator 1M and.the fl occul ated .
X y org,an?cI waste water 1ncluclﬁng sewague water and, particularly, to a

coagulation-flocculation apparatus capable of improving
coagulation-flocculation efficiency and allowing the apparatus to be made

compact.

Background of the Invention

To dewater sludge such as excess sludge discharged from
biological treatment process of organic waste water including sewage
water, coagulation-flocculation treatment is conducted by adding a
polymer flocculant into the sludge to form flocs and dewatering treatment
is then conducted. In the coagulation-flocculation treatment, in order to
form tough flocs so as to improve dewatering efficiency, an amphoteric
i)olymer flocculant may be added after an inorganic coagulant such as
polyferric sulphate is added to neutralize charge of the sludge.

Fig. 7a is a schematic sectional view showing a conventional
flocculation reaction apparatus for flocculation treatment by adding a
polymer flocculant to sludge (raw sludge). The raw sludge is introduced

by a sludge pump P into a flocculation reaction tank 1 where the polymer




sl udge are di scharged. The polynmer flocculant may be injected at an

I ntroduci ng piping of the raw sludge. Fig. 7b is a schematic sectional view
showi ng a conventional coagulation-floccul ation reaction apparatus for
coagul ation-fl occul ation treatnment by addi ng an inorgani c coagul ant and an
-anphoteric polymer flocculant to raw sludge. The raw sludge is introduced
by a punp Pinto a first reaction tank 2 where the inorganic coagulant is
“added to the raw sludge. The inorganic coagulant and the raw sl udge are
“agitated and mxed by a mxer 2Mand the m xture_is then introduced into a

second r dleedudant isadded taHbeaavheludgehdherpalypuryiheccul sntcand g rav added to

the m xture. The anphoteric polynmer flocculant and the m xture are
agi t at ed sindgeraredgititedaamd mixed Byeard agitetdrl lddcardtledfletaulgtedar e
di scharged. In the flocculation treatnent by adding a polyner flocculant to

sl udge, ~lodp@ard dldcharded. TRRpERISACAaEeslaht A%sy BE tnjocakbat it o smal |

~flocs by stfong agitation. However, since liquid sol'ution of the polyner

fl occul a%t‘lmcm%@iﬁéi‘%@h%?w dlulgsedi fficult to unifornly diffuse the

flocculant intot t he sFFow agitation. In case of enploying the
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into small fl ocs? es ong ne to use e polrymer floccul ant
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di ffuse the poI%/mar flocculant, the rapid agitation makes floes into snmall
f1 oes so Heegulant to raw sludge. The raw sludge is infroduced by a pump P into a

first reaction tank 2 where the inorganic coagulant is added to the raw

sludge. The inorganic coagulant and the raw sludge are agitated and mixed

by a mixer 2M and the mixture is then introduced into a second reaction

tank 3 where the amphoteric polymer flocculant is added to the mixture.

The amphoteric polymer flocculant and the mixture are agitated and mixed
| by a mixer 3M and the flocculated sludge are discharged.

' In the flocculation treatment by adding a polymer flocculant to
sludge, slow agitation is required because flocs are broken into small flocs
by strong agitation. However, since liquid solution of the polymer
flocculant has high viscosity, it is difficult to uniformly diffuse the
flocculant into the sludge by the slow agitation. In case of employing the
slow agitation for the purpose of preventing the flocs from being broken
into small flocs, it takes a long time to diffuse the polymer flocculant and
it causes irregularity in adhesion of the polymer flocculant on the surface
of sludge so that sufficient flocculation function can not be obtained. Asa

result, it is required to increase the adding amount of the polymer




It is inpossible to grow floes. Strong agitation is required also for
achieving effective reaction of the sludge with the inorganic coagul ant.
In. this case, unlike the flocculation treatnment by the pol yner
flocculant, it does not matter if floes are broken into small fl oes.
~However, too nuch power is consuned for the agitation. Further, in case of
. raw sl udge contai ning foreign substance such as m xed crude sl udge of
sewage water, agitation blades may be clung thereto with foreign
" substances so that snooth agitation may be disturbed. Japanese Utility
Model Pubflpecutlanh ngﬁwlgi@ta(ommq)referablmf(auﬂmﬁomb}cdif&meat@par at us
which is provided with a line mxer for pronoting reaction of sludge with
a pol yrmerpélyoeeruflactulahty thbeapidagitdtion amkeseots nro sppl fogs sodbat at i on
bl ades of the line mxer is clung thereto with foreign substances in the

sl udge sojttifahppksibl@tdayoRelsésgged with tinme. Normally, piping is
designed to have a largé dianmeter not to increase pressure |loss in order
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suspension flows I n m nar so that agitati
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apparatus’in a reduc I ane portion 7s for on the way of
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of processing.time is required to formflocs. Enough, processing tine can
not be t akgitationm.\Fusghen inicase of sawedudge containing foreign substance such

as mixed crude sludge of sewage water, agitation blades may be clung
thereto with foreign substances so that smooth agitation may be disturbed.

Japanese Utility Model Publication HO8-961B discloses a
flocculation reaction apparatﬁs which is provided with a line mixer for
promoting reaction of sludge with a polymer flocculant. In the flocculation
reaction apparatus, agitation blades of the line mixer is clung thereto with
foreign substances in the sludge so that piping may be clogged with time.

Normally, piping is designed to have a large diameter not to
increase pressure loss in order to lower the discharge pressure of a pump.
In such piping, aqueous suspension flows in laminar flow so that agitation
effect can not be obtained.

Japanese Patent No. 2965582 discloses a flocculation reaction
apparatus in which a reduced-diameter portion is formed on the way of
sludge piping, thereby achieving uniform diffusion of flocculant by
turbulent flow in the reduced-diameter portion. However, uniform

diffusion of flocculant by forming the reduced-diameter portion on the




portion on the way of the sludge piping. Therefore, preferable flocs are
not - formed. Sunmary of the Invention It is an object of the present

i nvention to solve problenms nentioned above, to provide a floccul ation
reacti on apparatus for coagulation-flocculation treatnent by adding a
~coagul ant or flocculant into aqueous suspension, for exanple, of sludge,
whi ch achi eves uniform diffusion of the coagulant or flocculant so as to
i nprove the coagul ation-floccul ation efficiency, shorten t he processing
"time, and allow reduction in size of the apparatus

coagul at | #hudge edpingisi nsuffecient.dn caspafatsisg efpa ymemrfhscmulant @aventi on has
transfer piping for transferring suspension water; snall-dianmeter piping
havi ng a cirdgmtanoantbdf proddssing tiate isfreqhireﬂrtar&tmﬂops.dimgmd bei ng
connected to the transfer piping; a coagulant or flocculant supply device

provi ded peodeRsingninle-chniG 166 takicdl oalydby foeming titsiediciriiateter t he

upstreamof the small-dianeter piping; and a tenporary retention section

for_coagubatidifinh tRE SHiVHF Bk SRABEIABINIATINGfdR, pRlfRIaBIRHIGE Areta f or

wat er | amet’er pi pi ng e 1 nlet

Cross- Secfdrﬁfktad area of flow path at at least a part of the tenporary
retention section in the direction fromthe inlet toward the outlet is
| arger than the cross-sectional area of said transfer piping. 1In the
apparatus of the present invention, since the flow of suspension water

becones tyrbul ent gl owin the small-diameter piping of which dianmeter is
smal | er tRUAIRARE obthe yventiss er pi pi ng, the coagul ant or

It is an object of the present invention to solve problems
mentioned above, to provide a flocculation reaction apparatus for
coagulation-flocculation treatment by adding a coagulant or flocculant into
aqueous suspension, for example, of sludge, which achieves uniform
diffusion of the coagulant or flocculant so as to improve the
coagulation-flocculation efficiency, shorten the processing time, and allow
reduction in size of the apparatus.

A coagulation-flocculation reaction apparatus of the present
invention has transfer piping for transferring suspension water;
small-diameter piping having a diameter smaller than that of the transfer
piping and being connected to the transfer piping; a coagulant or
flocculant supply device provided to the small-diameter piping or the
transfer piping in the upstream of the small-diameter piping; and a
temporary retention section for coagulation-ﬂocculation reaction having
an inlet and an outlet for water. The small-diameter piping is connected to
the inlet. A cross-sectional area of flow path at at least a part of the

temporary retention section in the direction from the inlet toward the




floccul.ant injected at the snall-diameter piping or a portion on the
upstream side thereof is effectively uniformy diffused into the suspension
~water in the small-dianeter piping. Since the small-dianeter piping is
connected to the tenporary retention section, the coagul ant or floccul ant
“is uniformy diffused into the suspension water in the snall-dianeter

pi ping whereby the suspension water is pronoted its

coagul ation-floculation in the tenporary retention section. Wen the
“flocculant is a polyner flocculant, the polyner floccul ant added to the
suspensi oeutleitisdaiger fhan shercyossi-saational aved afsaiddranserpirfingws i n t he
smal | -di aneter piping so that the polyner flocculant adheres to the
surface of sl udgetheSPparatvercfithefpresantaneegtionnsinae gke flow afhe t enporary
retention section on the downstream side of the small-dianeter piping.

When t he sigpetbiont waterdsedonesparbalandlovdntthe shaall-dbaaerr pipagagh!| ant is
rapidly and uniformy agitated in the snmall-dianmeter piping and the

di f f usi onyRich ARAKEIePTs Sinal IR thal? HERTH CtheGRHKS ipiiﬁ%,f ﬂfet&%#ulﬂﬁtocﬁot ed in
the tenporary retention section on the downstream'side of the
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enough t Occ%jlgec%gg ?0 ?l?e temporary retention section, the coagulant or flocculant is
uniformly diffused into the suspensi-on water in the small-diameter piping
whereby the suspension water is promoted its coagulation-floculation in
the temporary retention section.
When the flocculant is a polymer flocculant, the polymer
flocculant added to the suspension water is uniformly diffused during the
water flows in the small-diameter piping so that the polymer flocculant
adheres to the surface of sludge (SS), whereby flocs are grown larger in
the temporary retention section on the downstream side of the
small-diameter piping.
When the coagulant is an inorganic coagulant, the inorganic
coagulant is rapidly and uniformly agitated in the small-diameter piping
and the diffusion and reaction of the inorganic coagulant is further
promoted in the temporary retention section on the downstream side of the
small-diameter piping.
The inventor of the present invention has found that the reaction

by adding an inorganic coagulant for neutralizing negative charges on the




anount of an inorganic coagulant just for conducting this neutralization
and to agitate and m x the inorganic coagulant and sludge. If the agitation
force for mxing the sludge and the inorganic coagul ant is enough strong
to diffuse the inorganic coagulant uniformy, average 50% of charges on
“the surface of sludge can be neutralized. However, if the agitation force
Is weak so that the inorganic coagul ant can not be diffused enough, sone
parts of charges can not be neutralized well while sone other parts can be
"neutralized so that the strength of flocs to be fornmed by adding a pol yner
f I occul ansutfags ehslvggeSS) nregressas very sapidly entthe secanditiane sealet bacul ati on
apparatus of the present invention, rapid uniformdiffusion of inorganic
coagul antthenteactiospitris noh neaessary $o nautratize dhe entine asrmirt-ofi charges pi pi ng
and is further pronoted in the tenporary retention section so that strong

flocs canohehé surfade by shﬁ%enga thatipiyemsudh asaehigatizé aboeab0%s or The
conbi nation of the small-dianeter piping and the tenporary retention

section Ofmdr8 @fEAMREEd. THE VEAtdNRIUPA thaf it cidnidhero sd@khciinamet er pi pi ng

Is connected is very inportant in the present invention. The rapid
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amountof to diffuse the inorganic coagulant uniformly, average 50% of charges on

the surface of sludge can be neutralized. However, if the agitation force is
weak so that the inorganic coagulant can not be diffused enough, some
parts of charges can not be neutralized well while some other parts can be
neutralized so that the strength of flocs to be formed by adding a polymer
flocculant thereafter must be insufficient.

In the coagulation-flocculation apparatus of the present invention,
rapid uniform diffusion of inorganic coagulant into suspension water is
achieved in the small-diameter piping and is further promoted in the
temporary retention section so that strong flocs can be formed by adding a

- polymer flocculant thereafter.

The combination of the small-diameter piping and the temporary
retention section on the downstream side thereof to which the
small-diameter piping is connected is very important in the present
invention. The rapid agitation action by turbulent flow in the

| small-diameter piping, the mixing and diffusion action by high-speed jet

flow from the small-diameter piping into the temporary retention section,




coagul ant or flocculant may vary due to pul sation of an injection punp for
coagul ant or flocculant. On the other hand, to conduct the coagul ation or
flocculation treatnment only by a snmall-dianmeter piping, a |long
smal | -di ameter piping is required for ensuring reaction tine. This case is
~al so not preferable because pressure loss is increased, involving a
necessity of increasing the discharge pressure of the punp. In addition,
when the downstream portion of the small-di aneter piping is piping of
“which dianmeter is substantially the same as the transfer piping, the flow
in the pind the weidomssmixingrotion bwthectemporang retentipnisgctibhect can not be
obtained. In the present invention, the tenporary retention section may be
pi pi ng of cavperhtediomethartoi achievegercelbent fidetulafion treatmaens.f er pi pi ng. The
tenporary retention section nmay be a cylindrical vessel and the

smal | - di anet er Hopiaver, i eeensdaieekmpbairgtetaition senantdonkckitrhtiohhe
cylindrical vessel so as to generate circling flowin the cylindrical
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obtained by the circling flowin the cylindrical vessel. The tenporary
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small-diameter piping is required for ensuring reaction time. This case is
also not preferable because pressure loss is increased, involving a
necessity of increasing the discharge pressure of the pump. In addition,
when the downstream portion of the small-diameter piping is piping of
which diameter is substantially the same as the transfer piping, the flow in
the piping becomes laminar flow so that well mixing effect can not be
obtained.
In the present invention, the temporary retention secﬁon may be
piping of which diameter is larger than that of the transfer piping. The
temporary retention section may be a cylindrical vessel and the
small-diameter piping is connected substéntially tangentially to the
cylindrical vessel so as to generate circling flow in the cylindrical vessel.
In this case, excellent mixing and diffusion effect can be obtained by the
circling flow in the cylindrical vessel.
The temporary retention section may be provided with a mixer.
Especially for growing flocs large by the polymer flocculant, the sludge is

subjected to slow agitation by the mixer after rapid mixing at the




present invention, an agitation reaction tank having a m xer may be
arranged downstream of the tenporary retention section. Brief description
of the drawings Fig. 1 a is a schematic front view showi ng an enbodi nent of
a coagul ation-floccul ati on apparatus of the present invention, Fig. Ibis
~a sectional view of the sane, and Fig. 1 c¢c is an enlarged sectional view
of a piping section of the sane; Fig. 2a is a schematic front view show ng
anot her enbodi ment of a coagul ation-floccul ati on apparatus of the present
“invention and Fig. 2b js a sectional view of the same; Fig. 3 ais a
schemat i cStabrdliamesor BIRIRE fgdats spouteddtaw mostioprfromnthgppar at us of the
present invention and Fig. 3b is a plan view of the sane; Fig. 4 is a
schemat i csmeltdienwiter piping liowhe derapordryrretentbati section,dherebyappar at us of the
present invention; Fig. 5a is a schematic front view showing a retention

tank sectoltainiof dxvellepp floztutatiomwsatment ¢ffect. and Fig. 5b is a plan view
of the sane; Fig. 6 is a schematic sectional view show ng anot her exanpl e

of a tenporar yFighend e esfhil@fionaMstcutation féadish hbaratlls 8f thechemat i c
sectional views show ng conventional coagul ation-floccul ati on appar at uses.
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describ edatlrgng&i Ablyn¥dedm of the temporary retention section.

Brief description of the drawings

Fig. 1a is a schematic front view showing an embodiment of a
coagulation-flocculation apparatus of the present invention, Fig. 1bis a
sectional view of the same, and Fig. 1c is an enlarged sectional view of a
piping section of the same; |

Fig. 2a is a schematic front view showing another embodiment of a
coagulation-flocculation apparatus of the present invention and Fig. 2bisa
sec;tional view of the Same;

Fig. 3a is a schematic front view showing another embodiment of
an apparatus of the present invention and Fig. 3b is a plan view of the
same;

Fig. 4 is a schematic sectional view showing another embodiment
of an apparatus of the present invention;

Fig. 5a is a schematic front view showing a retention tank section
of the apparatus shown in Fig. 4 and Fig. 5b is a plan view of the same;

Fig. 6 is a schematic sectional view showing another example of a

temporary retention section; and




reference to the attached drawings. First, a flocculation reaction
apparatus of the present invention which is suitable for flocculation
treatment using a polynmer flocculant will be described with reference to
Figs. 1 through 3. Figs. 1 a through 3b show enbodi nents of a flocculation
~reaction apparatus which is suitable for flocculation treatnment using a
polymer flocculant. Figs. la, 2a are schematic front views and Figs. |b,
2b are schematic sectional views. Fig. Ic is an enlarged sectional view
“showing a piping section. Fig. 3a_is a schematic front view and Fig. 3b is
a plan view ofFighdagmeeFign i axecsohemasic sectinnadviapsshamisgshown in Fi gs.
la, Ib, Ic has a flocculation tank 11, transfer piping 12 having a raw

sl udge puomnRrtonal coagalation-fAgcestlatigpn éppavatisedge) to the tank 11, and
smal | -di ameter piping 13 of which dianeter is snmaller than that of the
transfer piping 12. One end of the piping 13 is connected to the transfer
piping 12 and the other is connected to the tank 11. A polyner floccul ant

is injectpfatre@ EM®BUiRehl 8f thePRiveegion he transfer piping 12 and the
smal | -di ameter piping 13. The tan 11 1s provided with an agitator 1 1M
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uniformy (%| spersed,in thg aléﬂd e by turbulent flowin the small-dianeter
pi pi ng 13t€ ertadhg atiggee §g’éﬁg d fromthe small-diameter piping 13
into the tank 11 at a_high velocity, the polynmer flocculant is further

di ffused. The sFirgga floesdatiangeaeison appanatus of the present invention

which is suitable for flocculation treatment using a polymer flocculant will
be described with reference to Figs. 1 through 3.

Figs. 1a through 3b show embodiments of a flocculation reaction
apparatus which is suitable for flocculation treatment using a polymer
flocculant. Figs. 1a, 2a are schematic front views and Figs. 1b, 2b are
schematic sectional views. Fig. 1c is an enlarged sectional view showing a
piping section. Fig. 3a is a schematic front view and Fig. 3b is a plan view
of the same.

A flocculation reaction apparatus shown in Figs. la, 1b, Ichas a
flocculation tank 11, transfer piping 12 having a raw sludge pump P for
transferring sludge (raw sludge) to the tank 11, and small-diameter piping
13 of which diameter is smaller than that of the transfer piping 12. One
end of the piping 13 is connected to the transfer piping 12 and the other is
connected to the tank 11. A polymer flocculant is injected at or near a joint
between the transfer piping 12 and the small-diameter piping 13. The tank

11 is provided with an agitator 11M. The small-diameter piping 13 is




tangentially fromthe small-dianmeter piping 13 and fl ows around therein,
and the polyner flocculant is diffused further nore uniformy, since the
flocculant is mxed with sludge in the tank 11. During the sludge
containing the polyner flocculant uniformy therein circles slowy in the
‘tank 11, flocs are grown, thereby exhibiting excellent flocculation
treatnent effect. The floccul ated sludge obtained in the tank 11 is

di scharged through a piping 14 and is transferred to a dewatering process.
"The tank 11 functions as a tenporar retention section in the flocculation
react i on appwciedsubstontially t@gentidlly to the tylindritalocessebliketankdpar at us
shown in Figs. 2a, 2b-is different fromthe above enbodinent in that a

| ar ge- di anet er Aftet tige skrlgeas atidetlunithithoiprdyater €l deeubaitasydesceibedt i on
section is disposed in the upstreamof the tank 11. Qther structure of
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around therein to be agitated slowy, so that the polynmer flocculant is

further uangentiallydremibedsnaald-dismeterspiping ddrandflgss around therein,

and the polymer flocculant is diffused further more uniformly, since the
: flocculant is mixed with sludge in the tank 11. During the sludge

containing the polymer flocculant uniformly therein circles slowly in the
tank 11, flocs are grown, thereby exhibiting excellent flocculation
treatment effect. The flocculated sludge obtained in the tank 11 is
discharged through a piping 14 and is transferred to a dewatering process.

The tank 11 functions as a temporary retention section in the
flocculation reaction apparatus shown in Figs. la, 1b, lc. A flocculation
apparatus shown in Figs. 2a, 2b is different from the above embodiment in
that a large-diameter piping section 15 functioning as a temporary
retention section is disposed in the upstream of the tank 11. Other structure
of this embodiment is the same as that of the above embodiment.

In the flocculation apparatus of Figs. 2a, 2b, a polymer flocculant
injected at the joint between the transfer piping 12 and the small-diameter
piping 13 is uniformly mixed with and diffused into sludge by turbulent

flow in the small-diameter piping 13 in the same manner as the
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- Then, the floccul ated sludge is discharged through the piping 14. In the
. floccul ation reaction apparatus of Figs. 2a, 2b, the transfer piping from
the large-dianmeter piping section 15 to the tank 11 consists of transfer
pi ping 12a and 13a. The piping 12a has a dianeter substantially equal to
-the piping 12, and the small-dianeter piping 13a has a dianeter
substantially equal to that of the piping 13. Therefore, the diffusion of
the polyner flocculant is pronoted by turbulent flowin the small-dianeter
"piping-13 a while being transferred fromthe | arge-di aneter piping section
15 t o t heflocaulation reattéon apperainy of digst iy bs andi bn Afpet thedthef the tank 11
Is not limted to the |arge-dianeter piping section as shown in Figs. 2a,
2b and naludpe iaspyhieddiosethevanabidibieter pipingd3 imokhe Fi gs. 3a, 3b are
illustrations showing a cylindrical vessel-like retention tank 16 as the

‘tenpor ar ylakes-gdmeter§ipidgd Sedtisii us%ﬂdggowzaghbﬁeah, thetebpRRes exhi biting

the sane functions azﬂ?hose In Figs. , are desighated by the sane

numer a’ s pldmafiAl it AxIE fld'diffustdif of id'pblEheCofbulaft. SFRS SHIRR!

roccuIaIPon reaction ta IS omtted ase of using suc retention
a0, 10, BBl R e s RS AR RRBLRR RO 2 ©°
1 oceu! at REReRHY ReCnorsarganaZherain S Pesittied SRubeapahet B cct ed a
L 1 o7 nf yPROSEEF Hpesilanti T haiitoirabsdfiedynd fosamen growh 1arge,
- Then, the flocculated sludge is discharged through the piping 14. In the
flocculation reaction apparatus of Figs. 2a, 2b, the transfer piping from the
large-diameter piping section 15 to the tank 11 consists of transfer piping
12a and 13a. The piping 12a has a diameter substantially equal to the
piping 12, and the small-diameter piping 13a has a diameter substantially
equal to that of the piping 13. Therefore, the diffusion of the polymer
flocculant is promoted by turbulent flow in the small-diameter piping 13a
while being transferred from the large-diameter piping section 15 to the
tank 11.
The temporary retention section upstream of the tank 11 is not
limited to the large-diameter piping section as shown in Figs. 2a, 2b and
may be a cylindrical vessel-like reaction tank.
Figs. 3a, 3b are illustrations showing a cylindrical vessel-like
retention tank 16 as the temporary retention section upstream of the tank
11. Members exhibiting the same functions as those in Figs. 2a, 2b are

- designated by the same numerals. It should be noted that the illustration of

a subsequent flocculation reaction tank is omitted.
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flowin the small-dianeter piping 13 in the same manner as the

floccul ation reaction apparatus of Figs. 2a, 2b. After that, the sludge is
spouted fromthe snmall-diameter piping 13 into a | ower portion of the
retention tank 16, where the sludge circles and fl ows upward, thereby
-further promoting the m xing and diffusion of the polyner flocculant. The
polymer flocculant is further uniformy diffused in the small-dianeter

pi ping 13a while the sludge out of the retention tank 16 passes through the
“transfer piping 12a and the small-diameter piping 13 a. Then, the sludge

fl ows into the Inagaseldf Ysiog sshbwrietentnge tarilal bysmall-digimeteepipihgvidy, so
that the polyner flocculant is further uniformy diffused and flocs are

grown t Hempebferablyacommerted ¢ahgeaniallyt tcthd witentionh taide 1 6FThs slidge t hr ough 3b
show enbodi nents of the flocculation apparatus of the present 1nvention of

a type usfle@sardghd 1BE réteptionl tank 185 théhdy biamihgrixceVlBaD agitRRby mer
flocculant is used as the flocculant, an "agitation tank is required for

maki ng frléiﬁn’ﬁﬁirﬂ%%\fiéﬁrge- The agitation tank may al so function as a
tenporary retention section as shown in Figs. la, |Ib and nay be provided

Through 3b. " 1 n 1 BRASCEEAAON AEFRERL I HiEscHE A BTVIREIGkNEEET) 1T the
112 SRS Bl Pl B, A A,
it b R R GRS R e
drftus ngﬂé\ralvein the small-diameter piping 13 in the same manner as the

flocculation reaction apparatus of Figs. 2a, 2b. After that, the sludge is

spouted from the small-diameter piping 13 into a lower portion of the

retention tank 16, where the sludge circles and flows upward, thereby

further promoting the mixing and diffusion of the polymer flocculant. The

polymer flocculant is further uniformly diffused in the small-diameter

piping 13a while the sludge out of the retention tank 16 passes through the

transfer piping 12a and the small-diameter piping 13a. Then, the sludge

flows into the tank 11 (not shown) tangentially and agitated slowly, so that

the polymer flocculant is further uniformly diffused and flocs are grown

thereby obtaining excellent flocculated sludge.

Figs. 1a through 3b show embodiments of the flocculation

apparatus of the present.invention of a type using a polymer flocculant as

the flocculant. When a polymer flocculant is used as the flocculant, an |

agitation tank is required for making flocs to grow large. The agitation

tank may also function as a temporary retention section as shown in Figs.

fa, 1b and may be provided subsequently to the temporary retention
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-pol ymer flocculant is conducted in the small-diameter piping and further
in the tenporary retention section between the snall-di aneter piping and
the agitation tank prior to the slow agitation for making flocs |arge,
t hereby substantially reducing the retention time in the floccul ation
~reaction tank as the agitation tank. As a result, the capacity of the
floccul ation reaction tank can be reduced so as to make the apparatus ‘
conpact. The uniformdiffusion of polyner flocculant enables the injected
“polynmer flocculant to act effectively on floccul ation of sludge, thus

al | owi ng s*ee:(ﬂlm&lsnﬁhcbwnrla@gseﬁa&m@){‘l 3. t he polymer flocculant. As the
sludge flows into the flocculation reaction tank along the tangenti al
di rection whi chin sithérecaserthepohshenflootulant adherdsi wgfétmly watleed by
agitation blades provided in the tank, the sludge flows snoothly and

uni 1 or ml V1aadpGludgeliais sioH3iine byl iing ih e LKl Rraéiel 0 pr oMol ¢

gromh of flocs. This allows reduction’in power for agitation. In case of

fl ocoul at hiding &7 HROLIRECTHRBY IRE POl AGEHIRRIu A theld PR WA Qg eact T on

appar at us he present - nvent ma I anet'e ping, the

retentiont] L D: - - . - 3: 1M ichis
signifi cgﬁ%ﬁ% égﬁéﬁﬁnilgr&é%é’égﬁﬁgﬁﬁg{{%’o&f?e@?Pg)ta}iglﬂgngg%?qgesﬁﬂ]n the prior
art. Wienga | arge:di aneter piping section 15 or a retention tank 16 is
provi ded ggc‘éﬁlﬂgfhdp ‘retention section upstreamof the floccul ation
reaction tank as shown in Figs. 2a thraugh, 3b,  .unifor Iffusion is
conducted at t 5§{%§Fﬂb§ awb@fvsrramléirﬁaglngrf@rm@#m@?fgwmt section,
and the floccul ation reaction tank. Therefore, very short tine is enough
for polymer flocculant is conducted in the small-diameter piping and further

in the temporary retention section between the small-diameter piping and
the agitation tank prior to the slow agitation for making flocs large,
thereby substantially reducing the retention time in the flocculation
reaction tank as the agitation tank. As a result, the capacity of the
flocculation reaction tank can be reduced so és to make the apparatus

- compact. The uniform diffusion of polymer flocculant enables the injected
polymer flocculant to act effectively on flocculation of sludge, thus
allowing reduction in required amount of the polymer flocculant.

As the sludge flows into the flocculation reaction tank along the
tangential direction which is the same direction of the circling flow caused
by agitation blades provided in the tank, the sludge flows smoothly and
uniformly agitated without causing turbulent in the tank so as to promote
growth of flocs. This allows reduction in power for agitation.

In case of flocculation treatment by a polymer flocculant, the
flocculation reaction apparatus of the present invention with the

“small-diameter piping, the retention time in the tank 11 is about 0.5 to 3
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retention in the tenporary retention section. For exanple, in case of the

| ar ge-di aneter piping section 15 of Figs. 2a, 2b, the retention tine nay be
about 0.5 to 5.0 seconds. In case of the retention tank 16 of Figs. 3a, 3b,
the retention tine may be about 1 to 10 seconds. Therefore, the dianeter
-and length of the | arge-dianeter piping section 15 or the dianeter and

hei ght of the retention tank 16 are designed in such a manner as to ensure
such retention tinme. In each of the floccul ation reacti on apparatuses of

“ Figs. 2a through 3b, the piping fromthe |arge-di ameter piping section 15
or the renemteswhithnk sighifisantly reduped as gongiaraditombeout BitoniQ o the tank 11
may have the sane dianeter as the normal transfer piping or the sane

di anet er ragiitee in sh@btiodiasaret er pi pi ng. Though the smal | -di aneter piping
further increases the uniformdiffusion effect, there is a risk of

increase in prewkidhen 1£g§7di§ﬂfé‘té¥ p _iﬁg'ﬁé@ﬁoﬁ N 5Pbi4 Pétefitionitank dieeison
substances if the small -di aneter I ping section is too |ong. Accordingly,

L5 SoTBAA B Rk ) DU 7 PP
1 oceul e LanbR951K 88 HORA B P oREESET bt PAE R 20 ¢ 1or 1he
[ omeul ant ol AeSShURES ML Loher ol Lo, EL 5 el B 7105 4

coagul ation-flogccul ati,on apparatus, of the present_ inventioon which is .
sui t abl e gt gesulation-repeden tank ohheredara vty Eboﬁﬁlmﬁdsgmwgﬁcf@agm ant

retention in the temporary retention section. For example, in case of the
large-diameter piping section 15 of Figs. 2a, 2b, the retention time may be
about 0.5 to 5.0 seconds. In case of the retention tank 16 of Figs. 3a, 3b,
the retention tirne may be about 1 to 10 seconds. Therefore, the diametef
and length of the large-diameter piping section 15 or the diameter and
height of the retention tank 16 are designed in such a manner as to ensure
such retention time.

In each of the flocculation reaction apparatuses of Figs. 2a through
3b, the piping from the large-diameter piping section 15 or the retention
tank 16 as the temporary retention section to the tank 11 may have the
same diameter as the normal transfer piping or the same diameter as the
small-diameter piping. Though the small-diameter piping further increases
the uniform diffusion effect, there is a risk of increase in pressure loss
and/or blockage in piping due to foreign substances if the small-diameter
piping section is too long. Accordingly, the combination of the transfer
piping 12a and the small-diameter piping 13a as shown in Figs. 2a through
3b is preferable. ‘
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~and a polymer flocculant. Fig. 4 is a schematic sectional view of a

coagul ation-fl occul ati on apparatus, Fig. 5a is a schematic front view
showing a retention tank section of the coagul ation-floccul ati on appar at us
of Fig. 4, and Fig. 5b is a plan view of the sane. Fig. 6 is a schematic

- sectional view of another enbodinent of a tenporary retention section. A
coagul ation-fl occul ati on reacti on apparatus shown in Fig. 4 has a
retention tank 21 as the tenporary retention section and a floccul ation
“tank 22, wherein raw sludge discharged froma sludge punp P is introduced
into the floccutiexdinaftenrkilacculationgkactien Iapparettmnfltﬁmprﬁbnafter an

I norgani c coagulant is injected at an inlet side of the retention tank 2 1.

Fl occul atinwentivaauitable for fher d¢dserusing dudhetednic avagubimtaed £pobimeer
flocculant injected into the flocculation tank 22. "As shown 1 n Figs. 5a,

5b, smal | flgé@ilBhehs HeTBeclnt itlope8ss@dhd Pwith ATeF&iceRonFiag. 43 having a
raw sl udge punp and the small-dianeter piping 24 is connecfed to the _

retenti OW#‘@‘H%%%L the dianmeter of the small-dianeter piping 24 being
smal | er than e transfer piping 23. The inorganic coagulant is injected

iﬁrgf’{ : S?ZLﬁE er BT %ﬁﬁgﬁﬁeﬂ%?Aﬁ%t?%?éﬁ%fﬂ%f?‘fﬁ%?ﬁﬂj@?mfﬁgs bEMct oa k

1 Aftor 'f‘q@@%@ﬁ?ﬁ%ﬂ%@%‘é@lﬁﬁgﬁf@% pﬁ?ﬂ%bﬁ% gyeniop vﬁnﬁﬁ}f%ieﬂi | °|Ee332en
AP oh RYSHI !

| it r otuc cBitaSle Rar Posearion-HlanrAtOn RN 4B i RQE0ICSRAERANEII o m y

di ffused and m xed with the sludge by turbulent flowin the
and a polymer flocculant., Fig. 4 is a schematic sectional view of a

coagulation-flocculation apparatus, Fig. 5a is a schematic front view
showing a retention tank section of the coagulation-flocculation apparatus
of Fig. 4, and Fig. 5b is a plan view of the same. Fig. 6 is a schematic
sectional view of another embodiment of a temporary retention section.

A coagulation-flocculation reaction apparatus shown in Fig. 4 has
a retention tank 21 as the temporary retention section and a flocculation
tank 22, wherein raw sludge discharged from a sludge pump P is
introduced into the flocculation tank 22 through the retention tank 21 after
an inorganic coagulant is injected at an inlet side of the retention tank 21.
Flocculation treatment is further conducted by an amphoteric polymer
flocculant injected into the flocculation tank 22.

As shown in Figs. 5a, 5b, small-diameter piping 24 is connected to
transfer piping 23 having a raw sludge pump and the Small—diameter
piping 24 is connected to the retention tank 21, the diameter of the
small-diameter piping 24. being smaller than the transfer piping 23. The

inorganic coagulant is injected at or near the joint between the transfer
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smal | -di ameter piping 24. As the sludge is spouted at a high velocity from
the small -diameter piping 24 into the retention tank 2 1, the m xing and

di ffusion of the inorganic coagul ant are further pronoted. The sl udge
flowi ng tangentially into the retention tank 21 fromthe snall-dianeter
~piping 24 flows around or circles in the retention tank 21 so that the

I norgani ¢ coagulant is further mxed with the sludge in the retention tank
21. Therefore, the inorganic coagulant is further uniformy m xed and
~diffused. The sludge in which the inorganic coagulant is mxed and diffused
as nent i opipingB3vend thet saal{diandet pigihg 24. ddwusmallediatzeter pping2dugh

pi pi ng 25. The anphoteric polyner flocculant is added to the floccul ation

tank 22. iEhwrsledtiabsubiantielly mgﬁ tdlby fotheeylindeslweaanel-Hke subjected to

sl ow agitation by an agitator so that flocs are grown, thereby
obt ai ni norRXGehA MKk D occul ated sl udge. The floccul ated sl udge obtained is
di schar ged through piping 26 and is transferred to the next process for

dewat t f
the r ot enti on 16 ERMe FHERBIS o aRE o o AR T LR T R G- 4

coct ron SRS ERRBLYTEE Y pfd (B¢ SR ol P5 BeA8 o0 W8 B

this case, i.Lnorgani c , co ulant t.he j oi.nt be n transfer
bl pi g 255luAe IS Rt pgesh B TotRien 53k 31,3 he dRRTAATHE coaZHAn tang

diffused into slud e by turbulent flowin the s | -di gqneter piping 24 in
t he same Waidaenl jad1ffuse and mixed with the sludge by trmbulent flow fn t}Pe ping

small-diameter piping 24. As the sludge is spouted at a high velocity from
the small-diameter piping 24 into the retention tank 21, the mixing and
diffusion of the inorganic coagulant are further promoted. The sludge
flowing tangentially into the retention tank 21 from the small-diameter
piping 24 flows around or circles in the retention tank 21 so that the
inorganic coagulant is further mixed with the sludge in the retention tank
21. Therefore, the inorganic coagulant is further uniformly mixed and
diffused.

The sludge in which the inorganic coagulant is mixed and diffused
as mentioned above is ﬁransferred to the flocculation tank 22 through
piping 25. The amphoteric polymer flocculant is added to the flocculation
tank 22. The sludge and the amphoteric polymer flocculant are subjected
to slow agitation by an agitator 22M so that flocs are grown, thereby
obtaining excellent flocculated sludge. The flocculated sludge obtained is

- discharged through piping 26 and is transferred to the next process for
dewatering treatment.

Though the temporary retention section consists of the retention
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the floccul ation apparatus of Figs. 4, 5a, and 5b. After that, the sludge
flows fromthe small-dianmeter piping 24 into the | arge-di aneter piping
section 27, thereby further pronoting the m xing and di ffusion of the

i norgani ¢ coagul ant. The sludge flows through the |arge-dianmeter piping
-section 27 and the piping 25 and flows into the floccul ati on tank (not
shown) where an anphoteric polyner flocculant is added so that flocs are
grown | arge because of slow agitation in the floccul ation tank in the sane
“manner as the floccul ati on apparatus of Figs. 4, 5a, and 5b. Thus, the

f I occul attenkf2 oosther Bogewlatiohaparatug mrﬁhlireﬁugs 4 Gey bad &b, stheldge i s thus

obt ai ned. Introduction piping is preferably connected tangentially to the

cylindri ceingaaky 2&easiopieotionmby d= a large-diambherpipitp eeeatiphQt/eas e pol yner
flocculant i's directly injected into the tank 22 in the apparatus of Fig.

4, the ngdwﬂqﬁ[qu @i ping to the tank 22 may be provided with
smal | -di aneter piprrng and the anphoteric polyner may be injected to the

sl | - di amet er B g Boylbign e 6h bDhrarE PR ARo SR odAEt o PP ng

as shown in Figs orary retentioff section for

upst ream g RS ani%céé?%[t?%ﬁ%ﬁEeﬁ‘ye%léﬂﬁh@%%ﬁié’zéwﬁagﬁ| SLE’ e
200, RO BREDs Bt EERIR oS S A SHELRT ) HB 227
et al | oy Suenichargashereal %ES%%&%%E&& %‘éﬁef‘%heé%eﬁ?agﬁ?i‘e?. "
e Sl e floceulation Apparatus of Figs. 4, Sa, and Sb. After that, the sludge
flows from the small-diameter piping 24 into the large-diameter piping
section 27, thereby further promoting the mixing and diffusion of the
inorganic coagulant. The sludge flows through the large-diameter piping
section 27 and the piping 25 and flows into the flocculation tank (not
shown) where an amphoteric polymer flocculant is added so that flocs are
grown large because of slow agitation in the flocculation tank in the same
manner as the flocculation apparatus of Figs. 4; 5a, and 5b. Thus, the
flocculated flocs are grown large and excellent flocculated sludge is thus
obtained.
Introduction piping is preferably connected tangentially to the
cylindrical tank 22 as shown in Figs.. la, 1b
Though the amphoteric polymer flocculant is directly injected into
the tank 22 in the apparatus of Fig. 4, the introduction piping to the tank
22 may be provided with small-diameter piping and the amphoteric
polymer may be injected to the small-diameter piping or the piping just

before the small-diameter piping as shown in Figs. 1a, 1b, and Ic. A
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spouted into the tenporary retention section so that it is further
uniformy mxed and diffused. Therefore, very short tine is enough for
retention in the retention tank 21 shown in Fig. 5b or the | arge-di aneter
pi pi ng section 27 shown in Fig. 6 as the tenporary retention section. The
-retention tine is generally fromO0.5 to 20 seconds, preferably from1 to
10 seconds. Therefore, the tenporary retention section is designed in such
a manner as to ensure such retention tinme. In the present invention, the
“dianeter of the small-dianmeter pipin is not limted but smaller than the
di anet er Enporary retesition mmimgtpmpmi%mmﬂiﬁlsidmoﬁﬂml amphaterier pi pi ng.
However, when the dianeter of the small-dianmeter piping is too |arge, the

m xi ng_angolyméroflovdifhiunesy b wnovided wystidum wfaht fticeukition pirk 2. can not
|

be obtai ned enough. Wen the aneter of the small-dianeter piping is too

smal |, the preswiigh iiRshoriitic Qgteiaeiilednd metiRRidpH thel i, es such

as bl ockage in piping wou be oCcured. The. dianeter of the

Spout od {1ou T4 B R SedcA 6} FhERdheahf; couaNahl Brodratecy BHtvdRbRRY Y ©
vel oci £y 3PEEB AR DREEAP oo BUPELR enshS AR SRS ol s 02 1
That 15, S0 Terodn thaf Wiy onateh te ReuliaTianace Groraners TrEEERnkor o’ 138
o be 1] 450asulapt istunaralumiked Iofhe sl -ABelr RIbIEAId 3 TR | engt h of
TR Sl Souiea tnto e temporary retention sectior s that i is firther uniformly
mixed and diffused. Therefore, very short time is enough for retention in
- the retention tank 21 shown in Fig. 5b or the large-diameter piping section
27 shown in Fig. 6 as the temporary retention section. The retention time
is generally from 0.5 to 20 seconds, preferably from 1 to 10 seconds.
Therefore, the temporary retention section is designed in such a manner as
to ensure such retention time.
In the present invention, the diameter of the small-diameter piping
is not limited but smaller than the diameter of the transfer piping upStream
of the small-diameter piping. However, when the diameter of the
small-diameter piping is too large, the mixing and uniform diffused
function by the small-diameter piping can not be obtained enough. When
the diameter of the small-diameter piping is too small, the pressure loss
must be increased, and undesirable troubles such as blockage in piping
Woﬁld be occured. The diameter of the small-diameter piping is preferably

set such that the flow velocity of spouted flow from the small-di_ameter

piping into the inlet of the temporary retention section (hereinafter,
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view of obtaining the m xing and uniformdiffusion function by turbul ent
flowin the small-di aneter piping. However, it is not preferable that the
smal | -di ameter piping is too | ong, because pressure loss is increased,

i nvol ving a necessity of increasing the discharge pressure of the transfer
- punp. Since well mxing and uniformdiffusion effect is obtained by action
of spouted flow at a portion fromthe small-dianeter piping into the
tenporary retention section and action of mxing flowin the tenporary
"retention section in addition to the m xing and uniformdiffusion function
by t ur bul ieherred dovaisi'spputingaraloditymebecomepphgut hm teel @édsamt i nvention, it
IS not required to make the small-diameter piping too |ong. The | ength of

t he snal | egpicandbyeabpip2mgo fimdsecadgmormdl vases) the diameterof the enough, but
depending on the diameter and tapering degree of the small-dianeter

pi pi ng. lgmblidiapreet pipiagiions folewsmahat i, agshesvipipFig dgthgnates a
portion of which dianeter is smaller than the transfer piping. That is,

for exanpd@mdtBr bF gmall-Hiarh8@r PHMibn A3 BLEInPh RoRStak? ditakISS thet apering

portion 13A of which dianeter “is gradually reducing fromthe transfer

piping 1 _ s =di ' ' ' S

Const ant AL At Bthg S pPESLASERE shle REReRl 20N e AaAREEE 2,

pi ping 13 I ch extends romthe transfer piping 12 is preferably about 5%
to 50% Ofﬂﬁgﬁgw?p@mg th of the small-diameter piping 13. A floccul ant

SUBPl YN dev o LRSS SRt STl el or e DAL TG, e ranst e

pref erabl giekwmg%%ib?;ig!lr}/g ‘fﬁjeb%nei%negda;l((i) uf'ltifto(:“rnr?df1 | stigltliﬁ%?lctsign by turbulent
flow in the small-diameter piping. However, it is not preferable that the
small-diameter piping is too long, because pressure loss is increased,
involving a necessity of increasing the discharge pressure of the transfer
pump. Since well mixing and uniform diffusion effect is obtained by
action of spouted flow at a portion from the small-diameter piping into the
temporary retention section and action of mixing flow in the temporary
retention section in addition to the mixing and uniform diffusion function
by turbulent flow in the small-diameter piping in the present invention, it
is not required to make the small-diameter piping too long. The length of
the small-diameter piping in a range of from 0.1m to 1.0m is enough, but
depending on the diameter and tapering degree of the small-diameter
piping. |

In this specification, the small-diameter piping designates a portion

of which diameter is smaller than the transfer piping. That is, for example

in Fig. 1c, the small-diameter piping 13 includes a tapering portion 13A of

which diameter is gradually reducing from the transfer piping 12 and the
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that the flocculant is uniformy diffused. Therefore, the floccul ant may
be, for exanple in Fig. 1lc, a proximal end portion B upstream of the

smal | -di ameter piping 13 (i.e. the joint between the snall-dianmeter piping
13 and the transfer piping 12), a mddle portion of the tapering portion
-13A of the small-dianeter piping 13, a boundary portion D between the
tapering portion 13A and the constant snall-diameter portion 13B of the

smal | -di ameter piping 13, a mddle portion E of the constant

"smal | -di ameter portion 13B of the small-dianeter piping t 3, or a portion A
of the treamsfatiapigtengortivyg U3B dewhich tdhanstenlis ednstant.cFhelgrigtly of 3.
Especially, the flocculant is preferably injected at at | east one of the

portions the tBpefingasttionol3 Aiof thé stalFdearhbRepipiipt 138yhieh dxtérds ed with
sonme pressure by an injection punp such as a variable injection punp into

the pi pi “ﬂohhﬂ@&ﬁnﬁfe?gfﬁtxﬁgi% 'rﬁsﬂjgfé}%w?z%%%%% Rk the chifife

smal | - di aneter piping ahsfer pfping. In the present invention, the

| ar ge- di a]h% o?iﬂﬁ’é Qﬂlafﬁﬁfa!n[?&erb@nﬁrﬁ.em ion tank, or the flocculation
np ction

tank as the®tenporary retention is required to have a
cross-secti onal e 4 he
Aflq

cross-sectional %‘ﬂ%ﬂt{ %ﬂ?ﬁ%@%\%bﬁgl i.%?olsg{rﬂg_{ t}%eg%ﬁ?ﬁgdlﬁlﬁ}e[te‘f hereof in
oot eI P i et o TR i BB VT
Is preferably about two tipmes to four tines as large as the dianmeter of the
transfer WitpisHgpensigns peefesablyi mmgdiatelyusilteetedytogtreng patiation Seccul ant
may be conposed of a plurality of conbinations of the small-dianeter
pi pi ng anthat the flocculant is uniformly diffused. Therefore, the flocculant may be,

for example in Fig. 1¢, a proximal end portion B upstream of the

small-diameter piping 13 (i.e. the joint between the small-diameter piping

13 and the transfer piping 12), a middle portion of the tapering portion

13A of the small-diameter piping 13, a boundary portion D between the

tapering portion 13A and the constant small-diameter portion 13B of the

small-diameter piping 13, a middle portion E of the constant

small-diameter portion 13B of the small-diameter piping 13, or a portion A

of the transfer piping 12 just before the small-diameter piping 13.

Especially, the flocculant is preferably injected at at least one of the

portions A, B, C, and D of Fig. 1c. The flocculant may be injected with

some pressure by an injection pump such as a variable injection pump into

the piping through flocculant injection piping connected to the

small-diameter piping or the transfer piping.

In the present invention, the large-diameter piping section, the

retention tank, or the flocculation tank as the temporary retention section

is required to have a cross-sectional area of flow path, which is larger than
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‘the tenporary retention section which are connected in series, thereby
further reliably conducting the m xing and uni formdiffusion of the
flocculant. In sone cases, a plurality of conbinations may be connected in

parallel. In case of flocculation treatnent of suspension such as sludge by
t he coagul ation-fl occul ati on apparatus of the present invention, the
tenporary retention section preferably has a closed vessel-like form In

this case, it is possible to prevent generation of odor, scattering of
sl udge, overflow of sludge during being transferred to the subsequent
stage. | nthei gess-seetionaloargh of, the eansdaepiping catdatdeastop parddheteatfiinm

treatnent of sludge by the floccul ati on apparatus of the present invention

is il usdire¢tesh frome the d6kt kedviapd tike patlat. Foradxdmplep ties antxirmuant i on i s
effective for flocculation treatnent for suspension water of which

concentr afij W ILIE ' : shud { schar ged
aailaﬁﬁbtlef ofﬁ&@Paﬁ%ﬁfcﬁgﬁ%&é%ﬁ@ﬁ%&iﬂo@ﬂoﬁ%%v@? IEFERE s budges & s

from bi ol ogl ca treat ver, the floc ation” appar at us of

th b ' ' i mi \ .
concent bR aehEhe g ovd St D REk (e Rk 4P PP dhe
coagul ati n-%{l oceud ation treatnment for waste 21 water of which

concentra ended solids is relatively |ow such as industrial
wast ewat er -and se e ter,.., Exanpl es. an arative Ex | es Hereinafter,
t he present invérdq\e’gﬁe &ﬁl?lf mlggg@gngmyg@nﬂgﬁfﬁwg}g,a\ﬁququ?%@% e to
exanpl es and conparative exanpl es. Exanples 1, 2 Excess sl udge

(concent re@mpesed ofeplaralitye Geambinationvrbthesmall-diameter piping and

the temporary retention section which are connected in series, thereby

- further reliably conducting the mixing and uniform diffusion of the
flocculant. In some cases, a plurality of combinations may be connected in
parallel.

In case of flocculation treatment of suspension such as sludge by

‘the coagulation-flocculation apparatus of the present invention, the
temporary retention section preferably has a closed vessel-like form. In
this case, it is possible to prevent generation of odor, scattering of sludge,
overflow of sludge during being transferred to the subsequent stage.

In Figs. 1a through 6, the case of conducting flocculation treatment
of sludge by the flocculation apparatus of the present invention is
illustrated. The flocculation apparatus of the present invention is effective
for flocculation treatment for suspension water of which concentration of
| suspended solids is high such as excess sludge discharged from biological
treatment process. However, the flocculation apparatus of the present
invention is not limited to be used for such high concentration suspension

and can be suitably used for coagulation-flocculation treatment for waste
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treatment process of sewage water was supplied at a rate of 3.5 nB/hr into
the floccul ation reaction apparatus of the present invention shown in Figs.
1 a- 1 ¢ and was subjected to flocculation treatnent. The di aneter of
transfer piping 12, the dianeter and the length of small-dianmeter piping

- 13, and the spouting velocity to a flocculation tank 11 were shown in

- Table 1. The dinensions of the tank 11 and the retention tinme were shown
in Table 1. "Kurifix CP604" available fromKurita Water Industries Ltd. was
“added as a polyner flocculant at an additive rate relative to TS of the

sl udge shwateriof Whithecdna@nttation of sufpendedaolidsiis rélagively Jowetnohers t he

smal | -di aneter piping 13 and the transfer piping 12. The strength of fl ocs

of fl occyhatisghifwsgewabesarbi@ivaed wasr.eval uated by the following criteria
and the result is shown in Table 1. Very good: allowed to be dewatered

enough by a beltpress filter Good: allowed to be dewatered by the
beltpress filter Not good: hardly dewatered by the beltpress filter. 22

Conpar at i ' treatment was conducted in the sane
manner asﬁf@%ﬁ%@&%ﬁg@i@%ﬁ%ﬁ% conventional flocculation reaction
apparatus sho In Fhg. ./a was used and the fetenti.on,time in a. .

fToceul ati on r dderdinntidh 16 pfSen TV iR MR PEIERPL ety dpith 1 was
m nut es. TE%e strength of flaqcs of the floccul ated sludge thus obtained was

eval uat edSLFeNCH L0 SXINNER FBF CORAPIRBVELKATAPIES: shown in Table 1. Table 1
Examples 1, 2

Excess sludge (concentration of 2%) discharged from biological
treatment process of sewage water was supplied at a rate of 3.5 m’/hr into
the flocculation reaction apparatus of the present invention shown in Figs.
la~1c and was subjected to flocculation treatment.

The diameter of transfer piping 12, the diameter and the length of
small-diameter piping 13, and the spouting velocity to a flocculation tank
11 were shown in Table 1. The dimensions of the tank 11 and the retention
time were shown in Table 1.

“Kurifix CP604” available from Kurita Water Industries Ltd. was
added as a polymer flocculant at an additive rate relative to TS of the
sludge shown in Table 1 at the joint(portion B in Fig. 1c) between the
small-diameter piping 13 and the transfer piping 12. The strength of flocs
of flocculated sludge thus obtained was evaluated by the following criteria

- and the result is shown in Table 1.
Very good: allowed to be dewatered enough by a beltpress filter
Good: allowed to be dewatered by the beltpress filter

Not good: hardly dewatered by the beltpress filter.
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Exanpl eConpar ati ve Exanple 1212 Di aneter of transfer piping 4040 mm

Smal | - Di anet er *40- 20- diameter(mm d pipi ngLength (mm about 200- Spouting
flow velocity (msec)3.10.77 D nmensi on9400x148009500xH1200 ( nm)

Fl occul ati onEf fective 58175 tankcapacity Retention tinmel3 min. Additive
-rate of polyner 1.01.21.01.2 flocculant % TS Strength of fl ocsGoodVery
goodNot goodGood * A portion of which dianeter is tapered from40 mmto 20
mm al ong a length of 50 mmand a portion thereafter of which dianeter is
20 mMm along a length of 150 mm

Comparative Examples 1, 2

Flocculation treatment was conducted in the same manner as
Examples 1, 2 except that a conventional flocculation reaction apparatus
shown in Fig. 7a was used and the retention time in a flocculation reaction
tank of which dimensions were shown in Table 1 was 3 minutes. The
strength of flocs of the flocculated sludge thus obtained was evaluated in

the same manner and the result is shown in Table 1.

Table 1
Example Comparative Example
1 2 1 2
Diameter of transfer piping 40 40
(mm)
Small- Diameter* 40-20 .
diameter (mm)
piping Length (mm) about 200 —
Spouting flow velocity (m/sec) 3.1 0.77
Dimension 9400XHS00 ¢500xH1200
(mm)
Flocculation Effective
tank capacity (L) 58 173
' Retention time
) 1 3
(min.)
Additive rate of polymer
flocculant (%/TS) 1.0 1.2 1.0 1.2
Strength of flocs Good |Verygood| Notgood | Good

* A portion of which diameter is tapered from 40 mm to 20 mm along a length of
50 mm and a portion thereafter of which diameter is 20 mm along a length of 150

mm.
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23 From Table 1, it was found that the floccul ati on apparatus of the
present invention can obtain excellent flocculation effect with the
floccul ati on tank of which capacity is about 1/3 of the conventi onal
flocculation tank and allows reduction in required additive rate of pol yner
~floccul ant. Exanples 3, 4 Excess sludge (concentration of 2% discharged
frombiological treatnent process of sewage water was supplied at a rate
of 3.5 nB/hr into the floccul ati on apparatus of the present invention
"shown in Figs. 4, 5 and was subjected to flocculation treatnent. The

di aneter of transfer piping 23, the dianeter and the | ength of

smal | -di aneter piping 24, and the spouting velocity to a retention tank 21

were as shown iFrohallale? 1, head fomns tleasheffléduilattdeapparatisoktizd and the
retention time were shown in Table 2. The di mensions of the floccul ation

tank 22 ‘r’ﬁ{ eReHiR efifion dar0OLIEM éﬁfzéﬂéﬁﬂ M6c Bﬁ‘éhtéffé?ft \ﬁﬁh)th@“d t he

retentio Ime was 1 mnute. Pol yferrlc sul phat e was ad ed as an inorganic

coagul ant \fg@ﬁ in Table 2 at
t he j oi ntﬂ%o@ﬁlgﬁqg%f(l n he e{p%) ?téfle%\eﬁbgggltﬁ%%tsf%% eﬁﬁ' 12@ pi pi ng 24 and
the trans Kur i E802" ava le fr ter
he et LR i S 1 FeBifd A B AR o
of the slydge.. The strength of flocs of floccul ated sludge thus obtained
was eval uﬂ?gﬁ-ﬂﬁi}t-t he following criteria and the result is shown in Table

2. 24
Examples 3, 4

Excess sludge (concentration of 2%) discharged from biological

treatment process of sewage water was supplied at a rate of 3.5 m’/hr into
the flocculation apparatus of the present invention shown in Figs. 4, 5 and
was subjected to flocculation treatment.

The diameter of transfer piping 23, the diameter and the length of
small-diameter piping 24, and the spouting velocity to a retention tank 21
were as shown in Table 2. The dimensions of the retention tank 21 and the
retention time were shown in Table 2. The dimensions of the flocculation
tank 22 were @400 mm x H800 mm (effective capacity of 58L) and the
retention time was 1 minute.

Polyferric sulphate was added as an inorganic coagulant at an
additive rate relative to TS of sludge shown in Table 2 at the joint (portion
B in Fig. 1¢) between the small-diameter piping 24 and the transfer piping
23 and “Kuribest E802” available from Kurita Water Industries Ltd. was
added as a polyrher flocculant at 3.5% relative to TS of the sludge. The
strength of flocs of flocculated sludge fhus obtained was evaluated by the

following criteria and the result is shown in Table 2.
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Conparative Exanples 3, 4 Floccul ation treatnment was conducted in the sane
manner as Exanples 3, 4 except that a conventional floccul ation apparatus
shown in Fig. 7b was used and the retention tine in a first reaction tank
of which dinensions were shown in Table 2 was 339 seconds. The strength of
flocs of the floccul ated sludge thus obtained was evaluated in the sane '
manner and the result is shown in Table 2. Table 2 Exanpl eConparative
Exanpl e 3434 Di aneter of transfer 4040 piping (mm D aneter*
" Smal | - ( 40- 20 di aneter pipi ngLength - (nm)about 200- Spouting flow velocity
3.10. 77 (GoomeratRes Examnplos Fedsi on9150xH400( p600xH1400 t mm k an

Flocculation treatment was conducted in the same manner as
Examples 3, 4 except that a conventional flocculation apparatus shown in
Fig. 7b was used and the retention time in a first reaction tank of which
dimensions were shown in Table 2 was 339 seconds. The strength of flocs
of the flocculated sludge thus obtained was evaluated in the same manner

and the result is shown in Table 2.

Table 2
Example Comparative Example
_ 3 4 3 4
Dlam.etc.er of transfer 40 40
piping (mm)
Diameter*
?mall— (mm) 40-20 -
diameter
piping | Length (mm) about 200 _ —
Spouting flow velocity 31 077
(m/sec)
Retention | Dimension @150xH400 @600xF1400
tank or (mm)
. Effective
First . 7.1 330
. capacity (L)
reaction Retention
tank . . 7 339
time (min.)
Additive rate of inorganic :
coagulant (%/TS) 7.2 14.4 7.2 14.4
Good or
Strength of flocs Good |Very good| Not good very good

* A portion of which diameter is tapered from 40 mm to 20 mm along a length of

‘mm and a portion thereafter of which diameter is 20 mm along a length of 150
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or Effective7.1330 First capacity reaction tankRetention7339 tinme mn.
Additive rate of inorganic 7.214.47.214.4 coagul ant (% TS) Good or Strength
of flocsGoodVery goodNot good ve good * A portion of which diameter is
tapered from40 mmto 20 mmalong a length of O nmand a portion thereafter
~of which dianeter is 20 mmalong a length of 150 25 mm From Table 2, it
was found that the floccul ation apparatus of the present invention can
-obtain excellent flocculation effect with the retention tank of which
capacitylh about 1/45 of the conventional first reaction tank, thereby
allowing significant reduction in size of the apparatus. As described in

detall above: e Latipmong eifcts, can be obtained by ife thgccul ation
| present invention can .obtain excellent flocculation effect with the
retention tank of which capacity is about 1/45 of the conventional first
reaction tank, thereby allowing significant reduction in size of the
apparatus.

As described in detail above, the following effects can be obtained
by the flocculation apparatus of the present invention.

i) Uniform diffusion and mixing of flocculant into suspension
water is achieved so as to exhibit flocculating function of the flocculant
effectively.

i) Therefore, the required additive rate of flocculant can be
reduced.

iii) The time required to uniformly diffuse and mix the flocculant
can be shortened so as to allow reduction in required capacity of the
reaction tank, thereby allowing reduction in size of the apparatus and
reduction in plant cost.

iv) All or some of mixers for mixing flocculant can be omitted so
as to allow reduction in power required for agitation. The omission of
mixers also eliminates troubles derived from mixers such as being clung
thereto with foreign substances in suspension water. Excellent effects as

, | mentioned above are exhibited so that coagulation-flocculation treatment
of suspension water can be achieved by a small apparatus, with reduced

cost and effectively.
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i) Uniformdiffusion and m xing of flocculant into suspension water is
achieved so as to exhibit flocculating function of the floccul ant
effectively. ii) Therefore, the required additive rate of flocculant can be
reduced. iii) The tine required to uniformy diffuse and m x the floccul ant
- can be shortened so as to allow reduction in required capacity of the
reaction tank, thereby allow ng reduction in size of the apparatus and
“reduction in plant cost. iv) Al or sone of mixers for m xing floccul ant
~can be onmitted so as to allow-reduction in power required for agitation.
The omi ssion of mxers also elimnates troubles derived fromm xers such
as being clung thereto with foreign substances in suspension water.
Excel l ent effects as nentioned above are exhibited so that

coagul ation-floccul ation treatnment ~of suspension water can be achi eved by
a small apparatus, with reduced cost and effectively. 26 27 Wat is
claimed is: 1. A coagul ation-floccul ati on apparatus conprising: transfer

pi ping for transferring suspension water; small-di aneter piping having a
di aneter smaller than that of the transfer piping and being connected to
the transfer piping; a flocculant supplying device disposed on the

smal | -di aneter piping or the transfer piping in the upstream of said

smal | - di amet er pi pi ng;

27




and a tenporary retention section for flocculation having an inlet and an
outlet for water, said small-dianeter piping being connected to the inlet,
wherein a cross-sectional area of flow path at at |east a part of the
tenporary retention section in the direction fromthe inlet toward the
outlet is larger than the cross-sectional area of said transfer piping. 2.
A coagul ation-floccul ati on apparatus as clained in claiml1, wherein said
.tenmporary retention section conprises piping of which dianeter is |arger

t han thaty@f .t.he,said transfer piping. 3. A coagulation-flocculation

appar at us ARt GHBFA 1 claim 1, wherein sai d tenmporary retention section
conprises a cyljndrical, vessel and said snall-diangter %)i ping i s connected
substantially tfangéﬁﬁg'é]qnﬁnr OCERIAtION APRAEEL CUBPEISING otaBSte gener at e
circling flowin the cylindrical vessel. 4. A coagul ation-floccul ation
appar at usPiping fex treasfenriogauspensiontwateirn sai d tenporary retention section
Is provided with an agitator. 5. A coagul ation-floccul ati on apparatus as
claimed in cl aismall-diémser piping hazing atdiemeteresthaller themikthiaaoif tige an
agitator is arranged downstream of the tenporary retention section. 6. A

coagul at i@méfepquihgtdr@b@i@ig%@in&t@@t@tm tadsfor gipRign 1. Wwherein said
y

fl occul ant supp devi ce supplies an inorganic coagulant. 7. A

Epagu Lo SPIEN BTG FLPEREd o gt 5o
piping or the transfer piping in the upstream of said small-diameter piping;
and

a temporary retention section for flocculation having an inlet and
an outlet for water, said small-diameter piping being connected to the inlet,

wherein a cross-sectional area of flow path at at least a part of the
temporary retention section in the direction from the inlet toward the
outlet is larger than the cross-sectional area of said transfer piping.

2. A coagulation-flocculation apparatus as claimed in claim 1,
wherein said temporary retention section comprises piping of which
diameter is larger than that of the said transfer piping.

3. A coagulation-flocculation apparatus as claimed in claim 1,
wherein said temporary retention section comprises a cylindrical vessel
and said small-diameter piping is connected substantially tangentially to
the cylindrical vessel so as to generate circling flow in the cylindrical
vessel,

4. A coagulation-flocculation apparatus as claimed in claim 3,

wherein said temporary retention section is provided with an agitator.

5. A coagulation-flocculation apparatus as claimed in claim 1,
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wherein an agitation reaction tank having an agitator is arranged
downstream of the temporary retention section.
6. A coagulation-flocculation apparatus as claimed in claim 1,
wherein said flocculant supply device supplies an inorganic coagulant.
7. A coagulation-flocculation apparatus as claimed in claim 1,

wherein said flocculant supply device supplies a polymer flocculant.
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