24 NOVEMBER 2006 Waste Water Treatnment Met hod BACKGROUND OF THE | NVENTI ON

(Field of the Invention) 5 The present invention generally rel
met hod of treatnment of waste water and, nore particul arly, to%%ﬁz)\{é\gggl‘m%

water treatnent nethod effective to reduce the cost for the filtering
facilities and the running cost with mnimzation of the sludge to be
drawn. (Description of the Prior Art) 10 Hitherto, the activated sl udge

process has been largely enplyed i reat nent o st.e water. In the
practice of this activated sl % er}&ﬁ g@',eaE{PFBFM‘H ogy ganic matter has

been di ssolved by bringing the waste water into contact wwth an activated
sludge (i.e., floc containing aerobic mcroorganisns) in an aerobic

condition w thi [ ion tank, the sludge is
fl occul at ed oﬁf’@%@%@%m rgﬁt’fﬁg‘?hﬁm@on tank, |eaving a supernatant
liquid. In Sumel&%?%heﬂ‘?{\}érﬁ?or?)f the sludge is returned to the activated

sl udge aeration tank while anot'her portion thereof is drawn as an excessive

sl udge, &l | owing the sysTRE srRblteirffe el GaRaLHkL deRiteado ¥ MEBbJ! HE
BOD 20 (bi ochem cal oxygen demand) volume |oad of 0.30 to 0.8 kg/ M3- day

(See, for exgigpltmentCof tehstelaugar @) mivreCohutistldly Hoslkhe- wldts R Atdr
Hen--) (5th Revision, Technology and Laws of Environnmental Poll ution
Prevention - - téaemdRtaid dtirod) éfféetive do medmeepiid esdicidr thefhgying Kacikigies
Kanri Kyokai (Industrial Environment Managenment 25 Association), June 12,
2001, p 197), andtthehnsnnbuhcosfuwitlequiniesizatioar ebitlee studgete beedswnhe
activated slugdge aeration_ tank. On the other hand, devel opnent of the
carrier capabildessriptiensefiiheyPaior 4rt)concentration of nicroorganisms is in

progress and T this canybs used, it 1S possiple to mpari the BOD vol ume

employed in treatment of waste water. In the practice of this

activated sludge process, after the organic matter has been dissolved

by bringing the waste water into contact with an activated sludge G.e.,

floc containing aerobic microorganisms) in an aerobic condition within

15 the activated sludge aeration tank, the sludge is flocculated or settled

within the flocculation tank, leaving a supernatint liquid. In such

case, portion of the sludge is returned to the activéted sludge aeration

tank while another portion thereof is drawn as an excessive sludge,

allowing the system capable of being operated steadily under the BOD

20 (biochemical oxygen demand) volume load of 0.30 to 0.8 kg/m3-day (See,

for example, “Go-tei, Kougaibousi-no Gijutsu to Houki --Suishitsu

Hen--) (5th Revision, Technology and Laws of Environmental Pollution

Prevention --Water Quality--)” 7th edition, published by Sangyo

Kankyo Kanri Kyokai (Industrial Environment Management

25 Association), June 12, 2001, p 197), but this technique requires
increase of the size of the activated sludge aeration tank.

On the other hand, development of the carrier capable of

retaining a high concentration of microorganisms is in progress and if

this can be used, it is possible to impart the BOD volume load that is so



high as 2 to 5 kg/nB- day and, therefore, the aeration tank can be reduced

In size. See, for exanple, "Kankyo Hozen Hai ki butsu Shori So -]
Gai do (Environnental Preservation Processing of Industrial Mgfgggﬂ&}%%zp%

General Technol ogy)" published by 5 Kougyo Chousa-kai, February 12, 2002, p
70. Wth the conventional activated sludge process, it has been found that
when the systemis operated under such a high BOD volune |oad as discussed

above, not only does the trea nt tend to be | owered, but flocculatiqn of
the sludge ishigkoas &épeé,ka&?ﬁ%ay and Hherelones tfle aerataon tark scar fuent
separation of the sludge.withip th floccui atj@n tank. follow n t.ggb
activated sl uBgRUSEt att GHZ¢-ank>®C: THE EFGRP & h EmteHFhar dﬁfn utsu
operated steadil V. JAl so, Lle AL.qld neral | ' hat_,about % of . t he
3D conponent St SerEd. Ol Sbida SRS e e b el RBl. ] JoraleRtiste

i ch i 5. af PorTARERS, etcd, (GRS (o TERERL A MIGEP) sEbIRAY, T

whi ch is, avi ng been jected to a I SpPOSI

such as a 5| aggd, AL eMBUsa kN FHrd 'mr@@@@n%gim addi tion, although the
’ 2 ’l b

system that does Not generate the extessive s ge woul d be theoretically

constructed if a conpl et eWiPl the dahveftmilCactiavddl Gullbe sAKREsOfit has
propagation of the sludge and the speed of self-oxidation of the siudge

wi thin the cobpéatfeud that erhdtke Bisteheidoperetsd hinderusnoi ahhégeBODher ,
is established with no need to draw the sludge, establishnment of the
conpl et e oxi dablumedbateaslistussed et nodted ysd estgthea bresdtinnent setkd wo bed
result in a considerable 25 increase of the concentration of M.SS (m xed
li quor suspenbutiersd,i byt flacenlatiameofadhev atudge lisdgdsadoatered, t 1agdit
er at 1 on IBnkOURGNS HAETC ) RSP deH GBI B PATALLUL AL § RS IR NI 8 e
would_arise bn that.singe ihe;3udge ig finely diyidsdy the separatfon of
Therefore, the system can hardly be operated steadily. Also, while it
is generally said that about 50% of the BOD component removed is
transformed into a sludge (an excessive sludge), it is therefore
15 necessary to draw the excessive sludge out of the system, which is,
after having been dehydrated, subjected to a final disposition such as a
land reclamation and/or incineration.
In addition, although the system that does not generate
the excessive sludge would be theoretically constructed if a complete
20 oxidation state, in which the speed of propagation of the sludge and the
speed of self-oxidation of the sludge within the complete oxidation tank
are held in equilibrium with each other, is established with no need to
draw the sludge, establishment of the complete oxidation state within
the activated sludge aeration tank would result in a considerable
25 increase of the concentration of MLSS (mixed liquor suspended solids)
within the activated sludge aeration tank and, therefore, such an
inconvenience would occur that the activated sludge aeration tank

must have a considerable size. In such case, another problem would

arise in that since the sludge is finely divided, the separation of the
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sl udge based on natural floccul ation cannot be achi eved. In contrast

thereto, with the process utilizing the carrier (hereinafter ?‘g&§gﬁq¥#‘§23&6
re,

the carrier process), it can be inparted a high |oad and, the

aeration tank can be conpactified. 5 However, the carrier process tends to
result in generation of finely divided sludge that can be settled and
separated. The inventors of the present invention have already suggested a
waste water treatnment apparatus and a waste water treatnment nmethod, in

whi ch a conbshualgeohastd am natwisldlercadationuedninet he achéevedrier with the io
conpl ete oxidation tank d the separation rane is utilized to suppress
generation of the excessi C@nm%ﬁt%swgﬁb QPEACESS nHAZINgfagearrier

Lai d- Pat t Publi ti . 20015 205290. Ho , .. th t

L oorl o Herenatind Toerueb e JRthe CATaCTIMOc st fibEod Do BOBAIH fhe

b ti d | i ti 15 b t] f havi . bl

O hat the nEfatP ulbald Hnde (hR¥EhR, St SRon BRER GRN) Bl 2bhithdifbdn o™
i | er i . i { v

e | vent onEevey? L%f@?%ﬁ%*ﬁ?a@%sa%%%[t.sgﬁeeﬂél@ e fion SEYIRERY

i f the f | ' t2d, Nt '
Vi ew o e Hf\ﬁaﬁﬂr&uggt%%gl‘él%ga Eé’%e?ﬂgd%ﬁ%%gﬁ% ted.n 'Pﬂggﬁvéﬁtoﬁ%rm%e a

wast e water treatnent ective to redu e cost acilities

and the runni pgegaftt iMéAtiohnhaveahlidadsf sulBgestddiee wAstRe walledWrealthifont
present invention provides a nethod of treatnment of 25 waste water, which

i ncludes a sl ggparidtwecunat i a9 waste oWwadbt atréatignent supethat,anin | wiield hy
flocculating wthin a flocculation tank the sludge having been treated
within an act combedationdgd aer aaérmmbic apkocdser artihhimgratdtee caatrier amitharthe
activated sludge are brought into contact with each other in an aerobic
condi ti onl0 a eom@pdete oxtdationt tamk randithiengeparationauensEraneds utilized to

suppress generation of the excessive sludge such as disclosed in the
Japanese Laid-open Patent Publication No. 2001-205290. However,
the waste water treatment apparatus and the waste water treatment
method disclosed in the above mentioned publication have
15 subsequently been found having a problem in that the membrane
filtering unit tends to become bulky, accompanied by an increased cost
for facilities and an increased running cost.
SUMMARY OF THE INVENTION
Accordingly, the present invention having been devised
20 in view of the foregoing inconveniences and problems is intended to
provide a waste water treatment method effective to reduce the cost for
facilities and the running cost with minimization of the sludge to be
drawn.
The present invention provides a method of treatment of
25 waste water, which includes a sludge flocculating step of obtaining a
supernatant liquid by flocculating within a flocculation tank the sludge
having been treated within an activated sludge aeration tank where
the waste water and an activated sludge are brought into contact with

each other in an aerobic condition; a sludge concentration retaining

3



step of retaining a concentration of a sludge wthin the activated sl udge
aeration tank at a predeterm ned value by returning portion of ,a\ghHIIBER 2006
within the flocculation tank to the activated sludge aeration ?ank; an
excessi ve sludge conpl ete oxidation step of maintaining an 5 excessive

sl udge, which is the sludge supplied fromthe floccul ati on tank, but
exclusive of that portion of the sludge returned fromthe flocculation

e R
sl uﬂge f ihl t ra?%@ges?gﬁ%gfmftlaﬁk Plk %gpﬁ%%g}@%%mﬁég}e %gﬁ'{%}lgﬁg%g?)ﬁgf@&%e
pore si zo not A dadEe ¥Rk, e HRREIa DR Hialk Bo 3R AA, Al B AT ARRNY, |

a quantity CRARSHANELEEsdife HludBBUHmPletd BRIRIHIGRGIRPESHE m AidtAgniRhEL €

15 oxidation tank increased. Preféerably, the sludge flocculating step

includes & spR&dRvefsludbeerwhith Yothe whidde aupplichfio® thavRofadation
brought into contact with each other in an aerobic condition within the

carrier-flui dtazekl, dertaékousivalof thanhgortionhef st sludgerraaninetefrdtn the
activated sludge into contact wwth each other in the activated sl udge

aer ati on t ankflanculatien daitkgrin @btamplate axsdationastatte in guhichya speed of
flocculating the sludge within the flocculation tank. If in the conplete

oxi dati on t anRropagatigntef fhesludge apda spegddet salff exidatiomyef Ithedsludge
speed of propagation of the sludge 25 and the pﬁgd of sel.f-oxidatjon of
the sludge wi PRERHT hhe compplate datianorankmeechrldban potbhrivm ggthieagh um

1t esch pUernLo UReL SO ORRETL N EORRILET Al Lo, i, be
within the complet g 0xlidihoPnt 2Bldde "RiHisr 98 (BAMR8%HLARR kos MeSS
through a separation membrane having a pore size not larger than 5
pm to thereby discharge a resultant filtrate in a quantity
corresponding to an amount of a water component in the complete
15  oxidation tank increased.

Preferably, the sludge flocculating step includes a
substep of, after the waste water and a carrier have been brought into
contact with each other in an aerobic condition within the
carrier-fluidized aeration tank, bringing the waste water and the

20 activated sludge into contact with each other in the activated sludge
aeration tank and, thereafter, obtaining a supernatant liquid by
flocculating the sludge within the flocculation tank.

If in the complete oxidation tank, the waste water is
aerated under a low sludge load, the speed of propagation of the sludge

25 and the speed of self-oxidation of the sludge within the complete
oxidation tank can be brought in equilibrium with each other to
thereby apparently considerably reduce the sludge to be drawn. For
this purpose, it is preferred that the soluble-BOD sludge load within

the complete oxidation tank is not larger than 0.08 kg-BOD/kg-MLSS -



day and nore preferably not |larger than 0.05 kg-BOD/ kg- LSS day. In

general, if the conplete oxidation tank is operated under such

| oad, the sl udge can be dispersed and will no | onger floccul at %?NW%%I\{IEEF?@%
and separation within the sludge tank will no | onger be 5 achieved.
According to the waste water treatnment nethod of the present invention, by
introducing into the conplete oxidation tank, and subsequently filtering

ai tor the <1 488 A cRaTeErRpcadt fardi than €Packe 0N e MIERSREay”

- _ t
L«eﬁf‘:m“'zél?i on e%?nsrgﬁaﬁﬁﬁé GPuipt8 i dRERD AT AThp SRR, ol Bughy2 1eMuage
oxi Gt on'_of %Hd% REE AR sl Pabibd Fidbieelt B, WAL feef REEL s
cormponent hasy, %‘ If. RRAN sé?ﬁijéﬁéﬁ' V\ﬁg]?1rf‘c’c}ﬂe“'sﬂd Q”Hh?& | Hat ) d%gg]éﬂ?;ét

requi red and, I ngl ng e speed propagatl n or I ferat
sludge ing e%ﬁﬂe%aymwth t he speed of self-oxidation of the sludge at a
| ow sludge concentration, the amount of the sludge to be drawn can be

reduced considerably. Al ecordimg tict the wabfd &Rl freathivnts epsthid of th@
menbrane to filter only a portion of water increased wthin the conplete

oxi dati on t anpresenti snypastioh] byt intrqehiciag irte thetcdmpldteeoxiddtiieni teank,
facilities and the running cost to a considerably | ow value as conpared
with the caseand wbsﬂqudmly dilierimpthrowgh ithe separationemensbranet enbda | n
addition, the use of t ar ler- fluidized aeratiogn tank is 25 effective to
achi eve the HP@HAYN |Of. aprenagated @ nfala@tsln deeHéoccadatimghRreeass.

Pr ef erably, the ter treat mant nmet hod .of the e ent i nvention
furt hec ol | FefludRe SHAgg! FoRRRITATINN aﬁé%ﬁﬁgn@rog%%p e SYstem r?&na beot al

amunt of or gortiien of, e (LT a6 SSRRE9E008 % NRPVBER 2905 o

excessive sludge. In the excessive sludge complete oxidation process,

since it is sufficient to achieve complete oxidation of only that portion

of the sludge proliferated after the BOD component has almost been

15 dissolved, no bulky complete oxidation tank is required and, by

bringing the speed of propagation or proliferation of the sludge in

equilibrium with the speed of self-oxidation of the sludge at a low

sludge concentration, the amount of the sludge to be drawn can be

reduced considerably. Also, since it is sufficient for the separation

20 membrane to filter only a portion of water increased within the

complete oxidation tank, it is possible to suppress the cost for the

filtering facilities and the running cost to a considerably low value as

compared with the case in which the total amount of the waste water is

filtered. In addition, the use of the carrier-fluidized aeration tank is

25 effective to achieve the highly loaded operation and to compactify the
aeration tank.

Preferably, the waste water treatment method of the

present invention furthermore includes an eutrophication preventing

step of returning a total amount of or portion of the filtrate discharged

5



during the excessive sludge filtering step to the carrier- fluidized
aeration tank and/or the activated sludge aeration tank. Since_the filtrate
wi thin the conpl ete oxidation tank undergoes a sel f - oxi dat i on, 2¢ NOYFNMBERL006
ni trogen and phosphorus which have been dissolved from 5 the

m croorgani snms. Mere discharge of the nitrogen and phosphorus out fromthe
systemw || constitute a cause of eutrophication. Accordingly, by returning

themto the aeration tank intended for renoval of the BOD conponent, they
can be utilizbariag gheoexcessive mludgenfidteringr etryvato dhet trarry-HSondizednt

T e i et o e bRt G shaleraer Beh SRgcERGRRETSS |-
e o, ERLE Sl DA A BB P R PR

e o SR SRR AL BRI P RO oo o
the rosposti Vi BHEENTHERts o MR B ek ks (HeShitePERh SR pIRIGAL o

because of a (%ﬁﬁpsfr%%i %hea%f@mo‘cwﬂ?_t %E)llrlstﬂn‘it‘ﬁéJI hi RGuisB tdfatelftP%?{d;af%ﬁ%Ihgf

reducti on of e source of trients is low 20 and that the anp

wast e wat er tAc@ﬁJi%Elsfrbg rORIEneSs theAC CYY dhegh¥ratieah tahkeihtended! fopst
of no nerit. BRIEF CRI PTI ON OF THE DWASTEI NGS I n any event, the present

i nvention w lderhecalefnidie BODegompomete, sthayd chhobe t ik lized! awi angource of
description of preferred 25 enbodinents thereof, when taken in conjunction
Wi th the accomptmgnhg far aeimpsl etlee BOD hemprywtitmends thedefore, ndt amlygs
are given only for the purpose of (illustration and explanation, . and are not
to be takén aan ithiet mepnhofstupaitrogan and pdmsphorast tobe discharged, be

what soever, which scope iis to be deferm pned by th ended 624 MBER
2006 reduced, Put the amount ofI the n{]troger% and p%Fc))Fs)p orus to be added as

a source of nutrients can also be reduced. Depending on the

composition of the waste water and the operating technique used, it

may occur that the treatment would complete satisfactorily with

15 neither nitrogen nor phosphorus added. If an attempt is made to

return the filtrate in the practice of the method disclosed in the first

mentioned publication, the respective concentrations of nitrogen and

phosphorus would be low because of a substantial amount of water,

resulting in that the effect of reduction of the source of nutrients is low

20 and that the amount of the waste water to be filtered increases.
Accordingly, such attempt is almost of no merit.
BRIEF DESCRIPTION OF THE DWASTEINGS

In any event, the present invention will become more

clearly understood from the following description of preferred

25 embodiments thereof, when taken in conjunction with the

accompanying drawings. However, the embodiments and the

drawings are given only for the purpose of illustration and explanation,

and are not to be taken as limiting the scope of the present invention in

any way whatsoever, which scope is to be determined by the appended

6



clainms. In the acconpanying draw ngs, |like reference nunerals are wused to
denote |ike parts throughout the several views, and: Fig. 1 is a schematic
di agram show ng the sequence of treatnent of waste water accoR$NQYEMBER 2006
first preferred enbodiment of 5 the waste water treatnent nethod of the
present invention; Fig. 2 is a schematic diagramshow ng an exanple of the
manner of arrangenent of a separation nenbrane; Fig. 3 is a schematic

di agram showi ng anot her of the nanner of arrangenent of the separation
menbr ane; 10 daymsd iln thecdreompanying daavangs hikearéferenee euargmiads aoke t he
manner of arrangenent of h,he separation nenbrane; Fig. 5 is a schematic

di agr am showi weed ke deagtieddee parts theauahnuictheweveralatiewsaaaskdi ng to a
second preferred enbodi t of the vvaste.vv%téer treagmant msl'{hod of the
present invention; 15 FingslgG } 3s 2 schematic dagranshawinggthe sequgnea of

t t t of t di t third f di t of t
SAUARICIT TR IR SR I A R
di i t f t. di t
0,201 am o 15, VS SPUEAT ol m b SHATRAN o RGBT T 0 e
precent nventon, P15, i o BB LSRR RN T WO BRARI o

both used in @& {HEIGPAF M EABRE Bf aFbdharhticn dnsmbaaRlel ¢ di agram showi ng
the manner of 25 arrangenment of waste water treating facilities enployed in

the conparative exanpl e;Fignd fsga sdhenaticsdigimim Cslihwin grandthidrnef tthe
manner of arrangenent of the waste water treating facilities enployed in
t he conpar atinamrerasfpheangddde NOGEVRERePR@Etion membrane;

10 Fig. 4 is a schematic diagram showing a further example
of the manner of arrangement of the separation membrane;

Fig. 5 is a schematic diagram showing the sequence of
treatment of waste water according to a second preferred embodiment
of the waste water treatment method of the present invention;

15 Fig. 6 is a schematic diagram showing the sequence of
treatment of waste water according to a third preferred embodiment of
the waste water treatment method of the present invention;

Fig. 7 is a schematic diagram showing the sequence of
treatment of waste water according to a fourth preferred embodiment

20 of the waste water treatment method of the present invention;

Fig. 8 is a schematic diagram showing the manner of
arrangement of a complete oxidation tank and a second flocculation
tank both used in a comparative example;

Fig. 9 is a schematic diagram showing the manner of

25 arrangement of waste water treating facilities employed in the
comparative example; and

Fig. 10 is a schematic diagram showing the manner of

arrangement of the waste water treating facilities employed in the

comparative example;



DETAI LED DESCRI PTI ON OF THE EMBODI MENTS Herei nafter, sone preferred

enbodi nents of the present invention will be described in detﬂlkowEﬁ\Ji‘BERZ()%
reference to the acconpanying drawings. 5 In particular, Fig.

illustrates, in a diagrammatic representation, the sequence of treatnent of
waste water according to a first preferred enbodi nrent of the waste water
treatnent nmethod of the present invention. (Sludge Floccul ating Process) 10

or ot roat mont P Wb e R0L B S LRGSO BN EE M OPAMERTS, “ave been -

renoved fromthe waste n introduc t activa s] ud

aeration tank 3 shown in g]éémtf%% tsﬂghegRr?ﬁgrggc‘%}lpgaﬁe&tﬁ833%:?«9?5‘?5%3}?
ook area n BT L AcLhbR o | DR, Wil Rstanles TRy e

operated in the previouslry discusse

under a proDeﬁcdo‘ﬁ?ﬁ%ﬁﬁr%r\(%ﬁE«ﬁvM’ﬁkgf in order to achieve a good floccul ation
n the

characteristic | cculatron tank 4. For the BOD sludge |oad, the

value of @.1 to 0.3 kg- BaD/{korthdrdar, dRig.i 9 AlR{tr40E, 29 Ih‘ﬂiﬂ@?z%ﬁnﬂ/ﬁﬁ%r

havi ng been treated in the activated sludge aeration tank 3 is then

i ntroduced i ntgprieBenthkionyltheisegucate df troaenrerithef wases siatersheetgeing to

di scharged fromthe activated sludge aeration tank 3 in the known nmanner is
al l oned to fladmstgirefesred exligdinvénthof hkereastd smtes tpeatmicant miethod dof
subsequent |y di scharged out of 25 the system (Sludge Concentration

Ret ai ni ng Tr edtenpnegemthimventaieofe. general |y deposits at the bottom of the

floccul ation nk 4 in a quantity of 10,000 ng/liter as M.SS (m xed |iquor
suspended solésa)l.ﬁgﬂo#\g\ﬁéﬂfaﬁlﬁg wnseseh keep the interface 8 24 NOVEMBER

2006 Waste water or a water to be treated is, after it has been
subjected to a pretreatment in which an oil component and excessive
matter have been removed from the waste water, then introduced into
an activated sludge aeration tank 3 shown in Fig. 1. Although the
activated sludge aeration tank 3 and a flocculation tank 4 following the

15 aeration tank 3 may be operated in the previously discussed known
manner, they must be operated under a proper load of waste water in
order to achieve a good flocculation characteristic in the flocculation
tank 4. For the BOD sludge load, the value of 0.1 to 0.3
kg-BOD/kg-MLSS-day is preferred.

20 The waste water having been treated in the activated
sludge aeration tank 3 is then introduced into the flocculation tank 4
where the excessive sludge discharged from the activated sludge
aeration tank 3 in the known manner is allowed to flocculate by itself,
with the resultant supernatant liquid subsequently discharged out of

25 the system.

(Sludge Concentration Retaining Treatment)
The sludge generally deposits at the bottom of the
flocculation tank 4 in a quantity of 10,000 mg/liter as MLSS (mixed

liquor suspended solid). However, in order to keep the interface
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bet ween the sludge or the solid sedinent and the supernatant liquid at a
predeterm ned | evel, portion of the sludge is quantitatively or _routinel X
drawn out fromthe bottomof the flocculation tank 4 while th@NQW% 006
portion of the sludge is returned to the activated sludge 5 aeration tank 3
so that it can be used for retaining the quantity of the MSS at a
predeterm ned val ue. (Conplete Oxidation Treatnent of Excessive Sludge) The
rest of the sludge which has been floccul ated corresponds the excessive

sl udge of a pretvagai ¢he sludge ordinecsodid sediment arsl tlne saperndtant tigaid at
conplete oxidation tank 5. In this conplete oxidation tank, the waste water
bei ng treat edaipredetgratinedddevel, | partisnudfetheasludga ishquantiptively or

propagation rate being kept in propoytion to the sl udge self-oxjdati rate
so that the quadinely drapie oyt Jxpm §La®@te%0§éﬁ§péa¢@m%wn sanked while
consi derably. .For this. purpose, t 15. sol ubl e- BCD Is,1s herein referred
to as "s- Bo%-f)hesr%aén}rg%@%rﬁ%@ ﬁ%ﬁﬂ(&%%ﬁ%ﬁf}ﬁ]@? Ehe astratsicildes
not |arger. than Q,08, k¢g-BOY kg-MSS ¢day_ an nor.e .pref efabl t | er
Chan 0. 08° kgrHabi @) ks Spaythe e an bR fugRe iRt thB ientfi ol thso
The waste mtﬂngréttaé ?&“Qge&{}%ﬁ{é@g@%'thl n the conplete oxidation tank 5

Is filtered through a Separation nenbrane 6 to separate the waste water

into the sl u%%P%M@Méﬁbnm%taogmcemve%ﬁlfgél udge is confined §

within the c e oxidation tank 5, ITtrate (filtered water)
corresponding to the quamthé yr&t Wit ¢he 2PudBer sAsRU i19adli BedRr dodeultied

separation nenbrane 6 that can be enployed in the practice of the present
i nventi on maycoreéspends niHeedxapsyivéislaldge bb @ propaigated agslusizgepeompdnsit be

one selected suitably fromthe group consisting of hollow fiber nenbranes,
t ubul ar menbramégsandrédaced dntt aNOrEPBER G0Ation tank 5. In this complete
oxidation tank, the waste water being treated is aerated under a low
sludge load with the sludge propagation rate being kept in proportion
to the sludge self-oxidation rate so that the quantity of the drawn
sludge can be apparently reduced considerably. For this purpose, the
15  soluble-BOD (this is herein referred to as "s-BOD") sludge load in the
complete oxidation tank 5 is preferably not larger than 0.08
kg-BOD/kg-MLSS - day and, more preferably, not larger than 0.05
kg-BOD/kg-MLSS - day.
(Excessive Sludge Filtration Treatment)
20 The waste water containing the sludge within the
complete oxidation tank 5 is filtered through a separation membrane 6
to separate the waste water into the sludge and the water component
and, while the sludge is confined within the complete oxidation tank 5,
a filtrate (filtered water) corresponding to the quantity of water
25 1increased is discharged.
The separation membrane 6 that can be employed in the
practice of the present invention may not be limited specifically to a
particular shape and may be one selected suitably from the group

consisting of hollow fiber membranes, tubular membranes and flat

9



sheet nenbranes. However, the use of the hollow fiber for the separation
menbrane 6 is particularly advantageous in that the surface area of the
nenbrane per unitary vol ume can be increased to such an extent 24NOQYEMBERB\Z006
the filtration apparatus as a whole to be 5 reduced in size. Also, material
for the separation nenbrane may not be Ilimted specifically to a particular
material and, in consideration of the condition of use and/or the desired -
filtering performance, the separation nenbrane that can be enployed in the
practice of tdheet0merdaranesnyehoweveraythre wse ofgshechpblopmefibernforatbemade
of polyolefin, polysulfone, polyether sulfone, ethylene-vinyl alcohol

copol yner, pdiepseayiahi membrare| buthseariielarly advyntagequieda fthadr the,
pol yperfl uoroetr% | ene, pol ynmethacryl ate, pol yester,. pol yam %g or the i ke,

I
or an i nor gam'FIREFM SAL memIrane; pel, MgtAry yRimescan, heixcreased fge i s
preferred of hydrophiljc menbyan den~of hydrophilic materials,such,as
ol youl fone. rBlhaR kSRR TE ALRY PSRt P EarERE B B pIE £0b8
pol ysul foge rr%%fq%%dai[%d e wi th hydrophilic polymers, polyvinyl alcohol
resins, polyacrylonitrile resins, cellulose acetate resins or

hydrophi | i cated pol yet hylgag Lestdital fi DRE3d ﬁrétig%lgﬁé(?ﬂ?fé’ﬂ@iﬂlgﬁi At be

exhi bited by such material renders SS conponents ul't to adhere onto

the separati QMBI EpEE fRAllytd8 YR Has mhfe8]l heddihoRefd &t tadh of tREY t he
separation nmenbrane.” Yet, any other hollow fiber nmenbranes nade of other

mat eri al s t hapnditiose ehuuss ataal/apothecadedited Wterinboysslfol@raridee ¢hegani c
25 polymer nenbranes for use in the present invention, a plurality of

conponent s nesepasatopomembzzai thvatacghubal émployedrainethal praeticdeof the

bl ended. Where the organic polyner. is enployed as materials for the

separ ati 0f maniesent, intentien hBthwfberskn nerganic spplymer omenmbrane NOASwBER

2006 polyolefin, polysulfone, polyether sulfone, ethylene-vinyl alcohol
copolymer, polyacrylonitrile, cellulose acetate, polyvinylidene fluoride,
polyperfluoroethylene, polymethacrylate, polyester, polyamide or the
like, or an inorganic membrane made of ceramic or the like.

15 However, the use is preferred of hydrophilic membranes
made of hydrophilic materials such as polysulfone resins
hydrophilicated with polyvinyl alcohol resins, polysulfone resins added
with hydrophilic polymers, polyvinyl alcohol resins, polyacrylonitrile
resins, cellulose acetate resins or hydrophilicated polyethylene resins,

20 because a high hydrophilicity exhibited by such material renders SS
components difficult to adhere onto the separation membrane or
otherwise easy to be readily peeled off from the separation membrane.
Yet, any other hollow fiber membranes made of other materials than
those enumerated above can also be employed. For the organic

25 polymer membranes for use in the present invention, a plurality of
components may be copolymerized, or a plurality of materials may be
blended.

Where the organic polymer is employed as materials for

the separation membrane, the method of making the separation

10



menbrane that can be used in the practice of the present invention nmay not
be specifically limted to a particular one, but may be chosen,s LORBEMBYR 2006
known net hods in consideration of the characteristics of the nateria

chosen and the shape and performance of the separation 5 nenbrane. The
separation nmenbrane that can be used in the practice of the present

I nvention has a pore size preferably not larger than 5 pm and, nore
preferably, not larger than 0.1 pmtqQ achjeve a . goo eparation, between the
sl udge and trmem\b%an%&i%a&r@n. eTHES O bRe RYI@E1GEP rti@dpr%sqmﬂ tmeepteBent

R s s e
i bi 90% ' . ) s . fi

TR X A S T T S e
(he 35, coce, Shat Bt KON L) 4 IBGAER BERIShARACDE P gt

used to ngasypepibEamore size of the ultrafiltration menbranes and, by so
measuring, the ultrariltration menbranes capable of fractionating proteins

having a nol ecul ar wei ghtTid @dpdieasdn 3nfi3dbaifie ZRapredgr bed used yse the the
present invention. In either case, the separation nenbrane enployed in the

present i nvergravhidqe ef ehalpresbast iaventioor npar pose ztze prefdraliy acét hergefr t he
present invention, the separation mnenbrane is nodularized into a filter
unit for use tihmrf 5l pnatineh more herefefmblys notviatrger thiae Gehpen tof achieve a
separati on nenbrane nodul e can be suitably chosen in the shape of the

separ ati on mfindageparaions betweemdheeshulge mmd thetwatery conponenh ahbeor

t he washi ng nethod,. and . nepbrane nodul e may be constructed g{ ne.or a
plural it y!%f POREnbFiZRe Xall sto B}nmég‘eofpé‘%&frﬁl nvention das eéan¢|eaS

hol Tow 11 240oll\t'IIC')e\/sEpNoBrllE 1n2g0(%g the particle size of such a standard substance as

colloidal silica, emulsion or latex, which is exhibited when 90% of
particles of such a standard substance is filtered through the
separation membrane. While the pore size cannot be defined in the
15 case of the ultrafiltration membranes based on the particle size of the
standard substance, a protein having a known molecular weight may
be used to measure the pore size of the ultrafiltration membranes and,
by so measuring, the ultrafiltration membranes capable of
fractionating proteins having a molecular weight of at least 3,000 are
20 preferred for use in the present invention.
In either case, the separation membrane employed in the
present invention preferably has a uniform pore size.
In the practice of the present invention, the separation
membrane is modularized into a filter unit for use in filtration of the
25 waste water. The manner of the separation membrane module can
be suitably chosen in the shape of the separation membrane, the
filtering method, the filtering condition and/or the washing method,
and a membrane module may be constructed of one or a plurality of

membrane elements. By way of example, in the case of the hollow

11



fi ber menbrane nodule, tens to about half a mllion of hollow fiber

menbrane nmay be bundl ed and then configured to represent a generall

U-shaped configuration within a nodul e; nay be bundled wth O%NQNMEBHQ(W
bundl e subsequently closed by neans of a suitable 5 sealing elenment within a
nodul e; may be bundl ed with one ends thereof subsequently separately closed
by nmeans of suitable sealing elenents within a nodule; or may be bundl ed

wi th opposite ends of the bundle |eft open. The hollow fiber nmenbrane

modul e, i.e. fibédwe mMembaaneumoduiey tents te adpedi hatfahl million tefdhbHow fiber
particul ar shape, but may take 10 a cylindrical shape or_a shape simlar to
a flat screermembranewemayknbonbiadledsendkithiead donfigiarest tto tirepreisentr ang

b oceets.  Foveanstalind ehane FonLREG R b MBRRL sty ThbNmlleded
Toor an. any WHEARGESH R the RUTAle:sHb TS Flosach b3 JREA o § SRIGIDIEN
Cepar ati of e et R, & motBiRe WLt ind 68, SR R bHfeane
used in the TLEr subRBk RSy MMELILIG LT ahehy DRk SR D8 b 0Rfing

flashing, or air scru can | oyed as” a e physi ca

cl eani ng of tdigm RSl yeHi ; &6 Bunfll ghi itéAénd d of

chenical cleani ng ofS t#e lhgzﬁ%mer rre%ganlel_nrm%(ﬁ!wel, _ é’ﬁé&cé?féﬂa%ﬁftﬁge _

net hod i n whilsiindedTele ipyn.c ThiedhoHoW fibes menshrdid thedald,d.e., akal filtedCi d

or citric acid is used; an al kaline washing nethod in which 25 sodi um

hydr oxi de i s wsi#dnag netsbe speoifidudty limitbd o @paoticdiat shapagbut nsaghake

sodi um hypochlorite or hydrogen peroxide is used, or a chelator washing

met hod i niowhi & hyindnedadtshapeageatshapphsanilorityl e flat streeinne 4 acetate is

used can be suitably enpl oyed. Exanples of an ar r.ange.ment of the separation

12 24 NOVEMBER 2006 As i1s well known to those skilled in the art, the filtering
performance of the separation membrane generally lowers as clogging
proceeds. However, the separation membrane can be regenerated
when washed physically or chemically. Although to regenerate the

15 clogged separation membrane any known washing method can be
employed in consideration of the material used to form the separation
membrane module, the shape of the separation membrane module
and/or the pore size of the separation membrane used in the module,
back washing with filtrate, back washing with gas, flashing, or air

20 scrubbing can be employed as a method of physical cleaning of the
hollow fiber membrane module. Alternatively, as a method of
chemical cleaning of the hollow fiber membrane module, an acid
washing method in which hydrochloric acid, sulfuric acid, nitric acid,
oxalic acid or citric acid is used; an alkaline washing method in which

25 sodium hydroxide is used, a washing method in which an oxidizing
agent such as sodium hypochlorite or hydrogen peroxide is used, or a
chelator washing method in which a chelating agent such as ethylene

diamine 4 acetate is used can be suitably employed.

Examples of an arrangement of the separation

12



menbrane and a construction of the nenbrane filtering unit, which can be

enpl oyed in the present invention, are shown in Figs. 2 to 4, zlﬁﬁmfﬂ\f b¥o6
In the practice of the present invention, any of the filtering system shown

respectively in Figs. 2 to 4 can be conveniently 5 enpl oyed. Specifically,
Fig. 2 illustrates the filtering systemin which the nmenbrane nodul e or the
i ke including the separation nenbrane 6 is installed outside the conplete

D e e B B S T b b ATl
o SR e TR i SRR TR
apd, (e ot ale mitbie! | [ReesLs AsLeroropnl SRl st soll 1R

boost er pU"Hiieérﬁ{?ﬁgé&m%ﬂddfﬂ%_rsﬁééﬁvénﬁiﬁ P! NG éﬁkﬁﬂbidgn@m@nﬂﬁe 15

menbr ane nodu or | 1 ke 1 ncluding the “separati on nenbrane

instal | edsw tdynpléyed.cogpeeiftcadk), dRiki onilhitkafetlte ﬁfité‘ﬂihg%ry%deﬁyiﬂ Rehich
separati on nenbrane whil e being sucked by a suction punp 9. Depending on

t he arrangeneiie aferhbeanenmbdide oritdat like irmtikdingnHe ddperrativn anemmrdulee,
the water head may be_ enployed in place of the 20 use of the booster punp 8
or the sucti o ipumstalledt oiigsideotles ecomptetioe ortdatdon htank He dnd ttdre wepstest em
shown in Fig. 2 is generally advantage in that it can be qgperated at a high
filtration flwRteneortainkaga sludgedis ilkpyed vehile beingesradatedbytmeans of

s DN RN IR I W

o reulat g Qe SNer hand 0 G110 SRt TN LS o
sttt o0, G AR AT, SRR I E ok, i bR

NOVEMBER 2006, 1, gunt of the waste water containing a sludge is filtered while being

supplied to the membrane module under pressure given by a booster

pump 8; and Fig. 4 illustrates the filtering system in which the

15 membrane module or the like including the separation membrane 6 is

installed within the complete oxidation tank 5 and is filtered by the

separation membrane while being sucked by a suction pump 9.

Depending on the arrangement of the complete oxidation tank 5 and

the membrane module, the water head may be employed in place of the

20 use of the booster pump 8 or the suction pump 9.

It is, however, to be noted that the filtering system

shown in Fig. 2 is generally advantage in that it can be operated at a

high filtration flux and can have a relatively small surface area of the

separation membrane 6, it has a drawback in that a relatively large

25 energy is required because the waste water containing a sludge must

be circulated. On the other hand, the filtering system shown in Fig. 3

although advantageous in that a relatively small space is sufficient for

installation and a relatively small energy is required, it has a

drawback in that the filtration flux is generally low and a relatively

13



| arge surface area of the separation nenbrane 6 is therefore required.

Al so, where the filtering systemshown in Fig. 4, in which the separation
nmenbrane 6 is inmersed within the conplete oxidation tank 5 aftNOYEMBER 006
water is filtered by neans of suction or the water 5 head, is enployed, the
menbr ane nodul e contai ning the separation nenbrane 6 can be nounted atop an
air diffusing apparatus and clogging of the separation nenbrane 6 can be
suppressed by the wutilization of an effect of washing of the nmenbrane
surface w th ladgé fsus€acearea ledrthehsepampose noémbraadyé qg thbeeforesequired.

I nvention, 10 waste water treatnent facilities may be newy set up, but

al t er nat i vel yAlsohewdherst ithe fHtemngatsystemeathosm fmcFligt i4simaywhieh the
renodel ed. Fig. 5 illustrates, in a diagranmatic representation, the
sequence of tseparabian shembranead ¢¢ mperdedgwithia $heoermpiletiec oxidation

O sl ot s vy T o ool i e s
mbodi t ds t det gi | f th | ud fl | at i .

I T ST b Ul SO A e B8 o
rmoed el i ¥ S FRRSHGEL A E T T ™
oL, T 0 ol SpoIEERE 6 e SeSssipaien b,
any known caryfiRrafigh RF SAPLeRE. o Swibhily BTV the aRlBbrafe! 5QMTReIWAYR

consisting of gel-like carriers, plastic carriers, fibrous carriers and a

m xture of twdifRisedonér.of Foliethe fArgdeenvf tdibbdgims tdreiprbbahndnRehyiomy!
al cohol gel carriers is preferred because of its high processing

per f or manoe amdstd wiadet yreatfthent facifitied ntdyebe arew br séti hp cbut alteraaapredyi on
tank is preferably 14 24 NOVEMBER 2006
the existing waste water treatment facilities may be remodeled.

Fig. 5 1llustrates, in a diagrammatic representation, the
sequence of treatment of waste water according to a second preferred
embodiment of the waste water treatment method of the present

15 invention. This second embodiment differs from the previously
described first embodiment as regards the details of the sludge
flocculating process.

(Sludge Flocculating Process)

Waste water is, after it has been subjected to a

20 pretreatment in which an oil component and excessive matter have
been removed from the waste water, then introduced into a
carrier-fluidized aeration tank 2 shown in Fig. 5. This
carrier-fluidized aeration tank 2 defines a first aeration tank. For the
carrier-fluidized aeration tank 2, any known carrier may be employed,

25 which may be selected from a group consisting of gel-like carriers,
plastic carriers, fibrous carriers and a mixture of two or more of them.
Of them, the use of acetalizing polyvinyl alcohol gel carriers is

preferred because of its high processing performance and fluidity.

The amount of the carrier filled in the aeration tank is preferably

14



chosen to be within the range of 3 to 50% and nore preferably 5 to 30% of

the capacity of the aeration tank and so is chosen in view of |
processi ng performance and fluidity. In this systemin order tggrﬁg}{%\gBFﬁem%

size of the 5 carrier-fluidized aeration tank 2 as small as possible, the
s-BOD volune |load in the carrier-fluidized aeration tank 2 is preferably
not Iless than 1 kg/ M3-day. The s-BOD referred to above is intended to

means the BOD,neasured after. filtration u menprane filter _having a
or e s! 76 of QHGEEILH AAIWIRHE b5 EHEAOES 16 DY oreHbor g PSR LSTahIE B dPger
2 "By sultaol g BePLES? caPaelly & B R Evian dBrK aht Hrd S RRom PRF o e ™
carrier fill j ' .system can be operated under the
s- BOD vol urrquilgglg%{‘%f%sﬁgr?é?%ﬁ}éégﬂﬁ%%nﬁfﬂg}%?day and even larger than 5
kg/mB_ 15 day. The vastepyRligis!oateal i bhAeFatd| fédidel dhe ediaerai ke

tank 2, where preferably not smalier than 90% and nore preferably not

snal | er tgan a¥ercfluidiczed BePaciomanalkl Mass heepllr asoypedsiBleerdfe (FBOD
subsequently introduced into an activated sludge aeration 20 tank 3 defi ning

a second aer atolamé dokd 15 tlee dalreierflandizgdnaerstion dank Bed prefelrably wddge
have been finely divided in the <carrier-fluidized aeration tank 2 as a

result of thdeasrthamod kgmidaahavlhg HB&WDopdenrest toradmveanieintemded thi gh
| oad, the sludge cannot settle by itself within the carrier-fluidized
aeration tankngangsthe &PB mgasunedeatiest filtnation theough a membrane filter
carrier-flui %e,d aeration tank 2 nsgqc{i be introduced i the actjvated

sl udge aer at i #VETENkA3 RBF€ t REAC p‘aft s R (¥Rt t@as e t EORKARYS cBA be

Pl occul at o PAFHOAERDITHN ng Lie BEEFURLEH STAUGL VARES \OVRVERE 29080
compact the carrier-fluidized aeration tank 2. By suitably selecting
the type of the carrier and the amount of the carrier filled in the
aeration tank 2, the system can be operated under the s-BOD volume
load of not smaller than 2 kg/m3-day and even larger than 5 kg/m?3-

15 day.

The waste water treated in the carrier-fluidized aeration
tank 2, where preferably not smaller than 90%, and more preferably
not smaller than 95%, of the s-BOD component has been removed
therefrom is subsequently introduced into an activated sludge aeration

20 tank 3 defining a second aeration tank. Since the microorganisms
contained in the sludge have been finely divided in the
carrier-fluidized aeration tank 2 as a result of the aeration tank 2
having been operated under an extremely high load, the sludge cannot
settle by itself within the carrier-fluidized aeration tank 2.

25 Accordingly, the waste water treated in the carrier-fluidized aeration
tank 2 need be introduced into the activated sludge aeration tank 3 so
that particles of the treated waste water can be adsorbed by an
activated sludge capable of being highly flocculated.

The flocculation tank 4 following the activated sludge

15



aeration tank 3 can be operated under the previously described known

manner. However, since the waste water to be introduced into t ?NOVENHHE 2006
flocculation tank 4 is the waste water from which a substantial amount ?

t he s-BOD conponent has been renoved within the carrier-fluidized 5
aeration tank 2, the flocculation tank 4 will often find difficulty
operating regularly because of too |ow load. In such case, the flocculation

i1 oduci ng. FEREER SRAERCCHRMIGORBE T ciRABE o PR 1O HEIY BerorvAeSiknwage
> or by suppPorREr FERen) SRRty “eaﬁﬁenca%wh b iR B ibkang,
nto the actinakedaabndinic 496 2hWab@later kgqlh%hiéwaﬁqtgéﬁh@gh 1fiofing! e

excessive sl oW n rom e ac udge aera
known manner {fsh e]s'i]ﬁ% Rbﬂehlt%b@éﬁ r@hé\}éf'v‘;lthﬂ‘i ‘:Hetca?rle?sﬂﬁ{(ﬁ%fl
supernatant |i1quid subsequently discharged out of the system a resu

thereof, he aevhiliae tgeiler2l thedfhReulstioh tagkbat mm Qi‘ftéﬂileﬁhHOfiﬁﬂE@Elltg
tank 4 in a quantity of 10,000 ny/liter as M.SS. However, in order to Keep

t he lnterfaaﬁ)d@atlfvg,enrdMaslwd@@caam tdfe teoptowalead. | ilpisudi easd) the
predeterm ned |l evel, the sludge is quantitatively or routinely drawn out
from t he bot tfboncoflatinn tawkcdl st poafarably gpaatedowith dmeapropyeate load
returned to the actlvated sl udge aeration tank 3 so that it can be used for
retai ni ng t hampartedt bydmtméum%p@rtl@npofe@beewast@dvartﬂrudlmtlmlntméhe
remai ni ng portion thereof is introduced into the conpl 25 oxi da |on tank
5. Thereaft erdct W?etegr othidgea | gRratioss panke 3n gee@uﬂzﬁws

simlar tg that des i n _connec | ously descri i rst
rbod; e aifrrisicinidred ARERHEnataak Thiteby “sBbfing 3 ¢ %ﬁee@ffbﬁﬁlﬁ
sake brevity. 16 24 SulgﬁEaRSZ?O

‘comipdénen r example, methanol into the activated sludge

aeration tank 3.

In the flocculation tank 4, the excessive sludge flowing

from the activated sludge aeration tank 3 in any known manner is

15 allowed to flocculate by itself, with the resultant supernatant liquid
subsequently discharged out of the system. As a result thereof, the
sludge generally deposits at the bottom of the flocculation tank 4 in a
quantity of 10,000 mg/liter as MLLSS. However, in order to keep the
interface between the sludge and the supernatant liquid at a

20 predetermined level, the sludge is quantitatively or routinely drawn
out from the bottom of the flocculation tank 4; portion of the sludge is
returned to the activated sludge aeration tank 3 so that it can be used

for retaining the quantity of the MLSS at a predetermined value while

the remaining portion thereof is introduced into the complete

25 oxidation tank 5.

Thereafter, the process flow takes place in a manner
substantially similar to that described in connection with the
previously described first embodiment and, therefore, the details

thereof are not reiterated for the sake brevity.
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Fig. 6 illustrates, in a diagrammtic representation, the sequence of
treatnent of waste water according to a third preferred enbod)'#rm{,EQ{BﬁI{]ﬁ)%
waste water treatnent nethod of the present invention. This third
enbodiment is simlar to the previously 5 described first enbodi nent, except
that in the enbodinent of Fig. 6, an eutrophication preventing process is
additionally enployed, in which the filtrate (filtered water) discharged

fromthe excessive sludge. filtration process takin | ace in the.separation
menbr ane 6 descri bed in%&%nhé qS%ﬁaWSt Hnt%alﬁlg%m Sd'leﬁ)é'ﬁ?e]ilgattl%aﬁ‘?/ or

P By SRR PR g P
renner deser Lot dliouay o WHR0SH AT ROSPROUS SOTLALEGA, b i Lkttet e

Accordingly, iRGénfisnon! YTRR" thitd C8aibcHith SO SR Yitfilamhi S hile | bréiously

di scharged fromthe system be reduced, but the respective anounts of

ni trogen @nddeRbabRlOfivst enbediadent @tceptSthuts tn theneinbrRlihferttabf #igo ehe

reduced. Fig. 7 illustrates, in a diagranmatic representation, the sequence

of treatnent agf emtsbphveittonapeeventiagt pracéswurishaddéfienadly ez@pkiyied]i ivent

of the waste water treatnent nethod of the present invention. This fourth

embodi ment i svisichi the filtrathdfifteredowater) dissharged fsamothe extestivesiudgcept

that in the fourth enbodi ment, an_eutrophication preventjng process_is

addi ti onal | y fidbrsitage@rocass ke piece in theseppratiosrmembrang 6udeswibedd

fromthe excessive sl udge Z‘i? Llﬂlfl rati OE rocess takiﬁg pl ace.in the

separ ati on neREPRRECEILYAN f8g NIt (IBRABEPESS 1Ritpta YorRadhy retweddt is

totally or pghtgl returned , to the.carriersfluidized aeration tank 2 and/ or
I

the activite bv@te_eﬁle$ ESAEHOR ARk yse of the carrier-fluidized
aeration tank 2 makes | tBylzlll%%vill\llg‘/ﬁ'yeB Bt £0%0%t0 be returned to the activated

sludge aeration tank 3 in the manner described above, nitrogen and

phosphorus contained in the filtrate can be used as a source of
nutrients for the removal of the BOD component. Accordingly, not
15 only can nitrogen and phosphorus, which will be discharged from the
system, be reduced, but the respective amounts of nitrogen and
phosphorus to be added as a source of nutrients can also be reduced.
Fig. 7 illustrates, in a diagrammatic representation, the
sequence of treatment of waste water according to a fourth preferred
20 embodiment of the waste water treatment method of the present
invention. This fourth embodiment is similar to the previously
described second embodiment, except that in the fourth embodiment,
an eutrophication preventing process is additionally employed, in
which the filtrate (filtered water) discharged from the excessive sludge
25 filtration process taking place in the separation membrane 6 described
in connection with the second embodiment is totally or partly returned
to the carrier-fluidized aeration tank 2 and/or the activated sludge
aeration tank 3.

The use of the carrier-fluidized aeration tank 2 makes it
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possible for the systemto be operated under a high load. In addition, the
return of the filtrate back to the carrier-fluidized aeration tank 2 and/or
the activated sludge aeration tank 3 allows the nitrogen and PpPHNOVWEMBER 2006
contained in the filtrate to be simlarly utilized as a source 5 of

nutrients for the renoval of the BCOD conponent and, accordingly, not only
can nitrogen and phosphorus, which will be discharged from the system be
reduced, but the respective anounts of nitrogen and phosphorus to be added

as a source Oposdibld et hé afstd1htdBe bPA¥EERH u'fﬁié%'é‘@ﬁgﬁrloaﬁhe IEI £88ftion,
invention will be denonstrated by way of the to follow ng exanples that are

not intended tlge retuiin tofechecfibaraté Bark po ehentarviewdniidimed huotratiaketardal2y
for the purpose of illustration. Exanple 1. WAste water discharged at a rate
of 400 nB8 peraddjor the ROyatedisludge wesatiod0bank/ 8idldowsvidse evpergereatnal |y
treated according to the process flow_ 15 shown in Fig. 1 and with the use
of a waste wapbosphermisreontaipedem tlmlﬁl'@na’cg t@rb@szmwlatré‘duﬁlmaaa aolXIe

t ank havi ng apacjty 0 nB, a floc n tank having a capaci ty of
120 n8, a t‘t:onﬁalﬁc @Pérmtaa%r q éﬁm(Wé’\} crfgclae @é iceplnqnemoan ageardmely,
menbrane filtra uni t Portlon t he sludg ccul atj on

hi
Tank ams 1 ot uPABENS G NITORER: SRIdR Sewbien ik B8 dissRarsed poRLss
of the actlva% ed Sl!ﬁ?(l% aer%tlog 5‘@ ouId agt 1|n about 3, Oﬁ 1{&%)”& .
The 11 occul at P Dakie 4 BEALEC Jodqtas asRerfise Amaunty o Ritiheencand
the treated ﬁ'ﬁ&%{?&l&\ﬁﬁs E&"’b@dad : 8?195 J)xf‘éeQanmﬁ@ 19 cggtélsg%e ?%@}léé}f SS

anount (the suspende was a oun e not larger

than 10 ng/liter. HAbgPnafRQr Uieogré%%nﬁ ifrehtiBh CwiR RAdShEREREDYS /Ay bOtHde
conpl ete oxidation tank so 25 that the interface between the sI udgé and the

super nat afg |fd]wv¢inga6x%pllé§pthaﬁtar@ ndil BieidvdntaaemitetR scdpehoff thewpteatat at
that tinme was about 10 per day.) The nenbrane filtration unit nounted

wi th a hol | ovinfviehon,rarthalesreoniyddutie pargesodf dhisyratibione resins and having a
menbrane surface area of 10 n2 and a pore size of 0.1 pmwas installed

out si de t he cBxphpteel oxi dation tank. 18 24 NOVEMBER 2006

Waste water discharged at a rate of 400 m® per day, the BOD of which
was 1,000 mg/liter, was experimentally treated according to the process flow
15 shown in Fig. 1 and with the use of a waste water treatment system including an
activated sludge aeration tank having a capacity of 800 m’, a flocculation tank
having a capacity of 120 m’, a complete oxidation tank having a capacity of 200
m’ and the membrane filtration unit. Portion of the sludge within the
flocculation tank was returned to the activated sludge aeration tank so that the
20 MLSS of the activated sludge aeration tank could attain about 3,000 mg/liter.
The flocculation tank exhibited a good studge flocculation and the BOD of the
treated water was found to be not larger than 10 mg/liter and the SS amount (the
amount of suspended solids) was also found to be not larger than 10 mg/liter.
Also, portion of the flocculated sludge was sent to the complete oxidation tank so
25 that the interface between the sludge and the supernatant liquid can be kept at a

predetermined level. (The flow rate at that time was about 10 m’ per day.)
The membrane filtration unit mounted with a hollow fiber membrane

module made of polysulfone resins and having a membrane surface area of 10 m?

and a pore size of 0.1 pm was installed outside the complete oxidation tank.
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This nmenbrane filtration unit was operated on an internal pressure type
filtration (at a cross-flowrate of 2.5 msec) at a constant f

about 1.1 nB/n2 per day, with the filtrate totally di schargedk?)éydt"ﬁgeﬁlaﬁﬁm%
outside of the conplete oxidation tank. During the filtration process, back
washi ng of the separation nenbrane 5 with the filtrate was carried out once
every 15 mnutes. The operation of the conplete oxidation tank was started
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been conpl etel y rerbwedpetatianpdfeth2: cotpleee wridatiodi tank avgestagted dnitally oith20
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accordi ng to whter filledetherdih andsho L SSogriadusliy indreased twi arid temained ababaut
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ng/liter. Al portion o occu was sent t e conplete
oxi dation tanpRAvishffundld KeveNSARMRER1i28@Gt about 10,000 mg/liter and drawing of

the sludge out of the system was never carried out during this period. The BOD
15  of the filtrate was found not larger than 2 mg/liter and the SS was found to be
zero, 1.€., to have been completely removed.
Example 2:
Waste water discharged at a rate of 20 m’ per day, the BOD of which was
3,000 mg/liter, was experimentally treated according to the process flow shown
20 in Fig. 1 and with the use of a waste water treatment system including an
activated sludge aeration tank having a capacity of 120 m’, a flocculation tank
having a capacity of 6 m’, a complete oxidation tank having a capacity of 30 m’
and the membrane filtration unit. Portion of the sludge within the flocculation
tank was returned to the activated sludge aeration tank so that the MLSS of the
25 activated sludge aeration tank could attain about 3,500 mg/liter.  The
flocculation tank exhibited a good sludge flocculation and the BOD of the treated
water was found to be not larger than 10 mg/liter and the SS amount (the amount
of suspended solids) was also found to be not larger than 10 mg/liter. Also,

portion of the flocculated sludge was sent to the complete oxidation tank so that
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the interface between the sludge and the supernatant liquid can be kept at a

predeterm ned level. (The flowrate at that tine was about 3 {,ng,ﬁ;tﬁ206
The nenbrane filtration unit nmounted with a single hoIIowfibregr?z‘l@ﬁeE rane 0

nodul e made of pol ysul fone resins and having a nenbrane surface 5 area of 5
n2 and a nol ecul ar wei ght cutoff of 13,000 was installed outside the
conplete oxidation tank. This nmenbrane filtration unit was operated on an
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s-BOD sludge load at that tine was found to be 0.0 Kg- MLSS per day.

15 Although the sfStramands pivddailadweiphit icatsfifyl 3000 skeunstalled kraside théie
M.SS in the conplete oxidation tank was found to have been stabilized at

about 9, 000 compléte esxidatiom tanti.ngThis meenbrhnel ddtration adnit Iveass ppertedvan aever
carried out during this period. The BOD of the filtrate was found not
| ar ger than tegpal pressuredype flizatds (i drossrfovoraeof dm/set). at.a canstamdfl®vbeen
conpl etely renoved. 20 Exapplg 3. Waste water discharged at a rate of 400 n8
per day, ther#epfdboghlchm maspar, & wity the ltrateiafaldy gischatgeddo) the pugsded
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sludge 20 24 04o0vVENPERr20Gfe s-BOD sludge load at that time was found to be 0.04
kg-BOD/Kg-MLSS per day.
15 Although the system was operated continuously for about two years, the
MLSS in the complete oxidation tank was found to have been stabilized at about
9,000 mg/liter and drawing of the sludge out of the system was never carried out
during this period. The BOD of the filtrate was found not larger than 3 mg/liter
and the SS was found to be zero, i.e., to have been completely removed.
20 Example 3:
Waste water discharged at a rate of 400 m’ per day, the BOD of which
was 1,000 mg/liter, was experimentally treated according to the process flow
shown in Fig. 5 and with the use of a waste water treatment system including a
carrier-fluidized aeration tank having a capacity of 160 m’, an activated sludge
25  aeration tank having a capacity of 140 m>, a flocculation tank having a capacity
of 120 m’, a complete oxidation tank having a capacity of 60 m’ and the
membrane filtration unit. While a major portion of the waste water was
introduced into the carrier-fluidized aeration tank, portion of the waste water was

fractionally introduced into the activated sludge aeration tank so that the sludge
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| oad within the activated sludge aeration tank could be kept at 0.1

kg- BOD/ Kg- MLSS per day. The carrier-fluidized aeration tank was charged with
8 nB of a gel-like carrier of acetalizing polyvinyl alcohol (24NPYEMBER 2006
diameter). 5 Portion of the sludge within the floccul ation tank was returned
to the activated sludge aeration tank so that the M.SS of the activated

sl udge aeration tank could attain about 3,000 ng/liter. The floccul ation
tank exhibited a good sludge flocculation and the BOD of the treated water
was found toldsd nwithirar her activatedioslndge i aematiand tade eRuldnhent k¢ptheat afolint
of suspended_sol i dsk was al so 10 found to be not larger than 10 ng/liter.
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fiber 15 ne &)nodul e nade of pol ysul fone resins and having a nol ecul ar
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operation of the conplete oxidation tank was started initially w th water

filled therekludgodiddealdoniSargl a@UBOLY of des gasted witer aad foandimed it 1adpett
10,000 ng/liter. The s-BOD sludge load at that time was found to be 0.05
kg- BODY Kg- ML8fanp&d mighiterTared theaS8Snambutnghpaemamt of sdspdmeied modidg)y adisadlby
increased and, therefore, the chem cal cleaning with sodium 25 hypochlorite
was requil® edfeund t be gt darger thapel( oxg/biter.abddgo, gloxtiom of tike flosrulatadgtiudpe
system was operated cqgntinuously for about one year, the M.SS in_the
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The membrane filtration unit mounted with a single hollow fiber
15 membrane module made of polysulfone resins and having a molecular weight
cutoff of 13,000 and a membrane surface area of 10 m?” was installed outside the
complete oxidation tank. This membrane filtration unit was operated on an
internal pressure type filtration (at a cross-flow rate of 2.5 m/sec) at a constant
flow rate of 0.7 m>/m” per day, with the filtrate totally discharged to the outside
20 of the complete oxidation tank. The operation of the complete oxidation tank
was started initially with water filled therein and the MLSS gradually increased
to and remained at about 10,000 mg/liter. The s-BOD sludge load at that time
was found to be 0.05 kg-BOD/Kg-MLSS per day. The transmembrane pressure
difference gradually increased and, therefore, the chemical cleaning with sodium
25 hypochlorite was required at intervals of a period of about six months.
Although the system was operated continuously for about one year, the MLSS in
the complete oxidation tank was found to have been stabilized at about 10,000

mg/liter and drawing of the sludge out of the system was never carried out during
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SS was found to be zero, i.e., to have been conpletely renoved. Exanple 4:
Waste water discharged at a rate of 20 nB per day, the BOD of which was 5
3,000 ng/liter, was experinmentally treated according to the prZddeI¥SEMBER 2006
shown in Fig. 5 and with the use of a waste water treatnment system
including a carrier-fluidized aeration tank having a capacity of 25 nB, an
activated sludge aeration tank having a capacity of 20 nB, a floccul ation
tank having a capacity of 6 nB, a conplete oxidation tank having a capacity
of 10 nB and thispeniedbr dihe BOLX of thediltrate was foundmdtd arpenthar 2 pog/titeerandfthe he
waste water was introduced into the carrier-fluidized aeration tank,
portion of tI% wasfaindtodre zaas, f¢.att haviediden complesliyioedoved.o t he acti vat ed
sl udge aeration tank so that the sludge load within the activated sl udge
aeration tankx@smle4pe kept at 0.1 kg- BOD Kg- LSS per day. The

carrier of ncet al i Vi BRSO 9T A e ot FOLHBE Pheth BRS t he
| ud i £ hi fl | at i t ank t d .t h ti d sl ud
o e L P L R AR R e B e BT, S,

[ b - 3,500 [ |4 ) I | [ hi - sl ud
2Ll 2o0ut 0 bl A b SRR bR, RraLH e
th 10 /11 . d ' I
hn 10, U1 LRI, S5l Sa0h e Rphc) oPUSPRTSH Sl el o
sl udge was $efiiohGahkBadRyERd BAghcRYi S1at0 B, 4 ABKCHIALbAMNI REVihB aedabaERY of

bet ween the sludge and thée supernatant |liquid can be kept at a

pr edet er ni ned mévelconipléte didwisatak Bivihpal cdpachy e @peUsnd 1% Ménfisanday. )
25 The nenbrane filtration unit mounted with a single hollow fiber nenbrane

modul e nade dfltratdty suitf oVéhile aimaornpdrttavethe avane saidravasaitgiduced iritofthe of
13,000 and a nenbrane surface area of 1 n2 was installed outside the

conpl et e oxi eatriesriluidivied Fenasione tamkarportiont phtthenwasiet wader oyasr dtrastionallyn
internal pressure type filtration (at a cross-flowrate of 2 nisec) at .a

const ant f| owrtroguced irto/thepeativadesk sludge aeetion tepkp hat theagludgs dead wathin

filtrate totgd Yevated Mlfee SctatiOn S5 2oifd BE Kepf at 0.1 kg-BOD/Kg-MLSS per

day. The carrier-fluidized aeration tank was charged with 2 m’ of a gel-like

15  carrier of acetalizing polyvinyl alcohol (4 mm in diameter).

Portion of the sludge within the flocculation tank was returned to the
activated sludge aeration tank so that the MLSS of the activated sludge aeration
tank could attain about 3,500 mg/liter. The flocculation tank exhibited a good
sludge flocculation and the BOD of the treated water was found to be not larger

20 than 10 mg/liter and the SS amount (the amount of suspended solids) was also
found to be not larger than 10 mg/liter. Also, portion of the flocculated sludge
was sent to the complete oxidation tank so that the interface between the sludge
and the supernatant liquid can be kept at a predetermined level. (The flow rate
at that time was about 0.9 m’ per day.)

25 The membrane filtration unit mounted with a single hollow fiber
membrane module made of polysulfone resins and having a molecular weight
cutoff of 13,000 and a membrane surface area of 1 m* was installed outside the
complete oxidation tank. This membrane filtration unit was operated on an

internal pressure type filtration (at a cross-flow rate of 2 m/sec) at a constant flow
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conpl ete oxidation tank. During the filtration process, the separation
menbrane was physically washed by nmeans of back washing wth fﬂﬁg@ SIFER 2006
intervals of a filtering period of 15 mnutes, with a concentrate iquid 5
di scharged having been returned totally to the conplete oxidation tank. The
operation of the conplete oxidation tank was started initially with water
filled therein and the M.SS gradually increased to and remai ned at about

9,000 ng/liter. T B | udge. d hat ti f to he 0.04
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found not larger than 2 mg/liter and the SS was found to be zero, i.e., to have
been completely removed.
15  Comparative Example 1:
Waste water similar to that used in Example 4 (waste water discharged at
a rate of 20 m’ per day, the BOD of which was 3,000 mg/liter) was
experimentally treated with the use of a waste water treatment system including a
carrier-fluidized aeration tank having a capacity of 20 m’, an activated sludge
20 aeration tank having a capacity of 20 m’ and a flocculation tank having a
capacity of 6 m’. Portion of the sludge within the flocculation tank was
returned to the activated sludge aeration tank so that the MLSS of the activated
sludge aeration tank could attain about 3,500 mg/liter. The flocculation tank
exhibited a good sludge flocculation and the BOD of the treated water was found
25 to be not larger than 10 mg/liter and the SS amount (the amount of suspended
solids) was also found to be not larger than 10 mg/liter. However, it has been
found that the interface of the sludge within the flocculation tank gradually
increased and a carry-over of the sludge subsequently took place from the

flocculation tank into the treated water, resulting in degradation of the treated
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the system could no | onger be operated. Conparative Exanple 2: Waste water
simlar to that used in Exanple 4 (waste water discharged at 5 a rate of 20
n8 per day, the BOD of which was 3,000 ng/liter) was experi meANQYEMBER2004
with the use of a waste water treatnent systemincluding a
carrier-fluidized aeration tank having a capacity of 20 nB, an activated
sludge aeration tank having a capacity of 20 nB8, a flocculation tank havi ng
a capacity of 6 nB and a conpl ete oxidation tank having a capacity of 35
m8. Portion ofat¢ehe Iibasalsddeemifodrichthiahenlekottedladgowas drdwvmart oEthersystén,o
the activated sludge aeration tank so that the M.SS of the activated sludge
aer ation t ankhesystemonkd no longer beppsoledy/ [ i ter. The floccul ation tank

exhi bited a good sl ydg ro?c | ation and the BOD of the treated water was
found to be ROMPAHAYEE %txﬁ’é’ﬂ?q ‘ng/liter and the SS anpunt (the amount of
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tank as shown in Fig. 8, the sludge wasS disper so finely that

fl occul ati on agrsionTRAIE Habing 4 @apb%it?fofBO m@%ﬂ@&@\_ﬁlhﬁ@n RarkRdving a dapatity vat er
simlar to that _used in Exanple 3 (waste water discharged at a rate of 400

n8 per day, tha’ Ba acfompletd oxikatidn @8k bayinigtecipavity of2%5 m?perEdrﬁonaulfIthe
treated according to the process flow shown in Fig. 9 and with the use of a
wast e watler shelzemneithinsthet fdencutatiandiany wascretuined-to|the actieated sladgeoreration
havi ng a capacity of 160 nB, a conplete oxidation tank having a capacity of

190 nB8 and &antepdithatethei MLS pbthe artivateh sluggenreratdon itank gevldnattaintabesiint ed
having 24 24 OB 200b¢ HocRuipPank GrpuEda sabdltperBocaton and
mol ecul ar Welt eh]B(ﬁSJ to?ftlfxe ?rfeatleﬁ’\ggtgr Was found to be not larger than 10 mg/liter and the
SS amount (the amount of suspended solids) was also found to be not larger than
15 10 mg/liter. In addition, to keep the interface of the sludge within the
flocculation tank at a predetermined level, portion of the deposit precipitated
within the flocculation tank was sent to the complete oxidation tank (the flow
rate at that time was about 0.5 m® per day). However, it has been found that
despite that an attempt had been made to flocculate within second flocculation
20 tank portion of the liquid within the complete oxidation tank as shown in Fig. 8,
the sludge was dispersed so finely that flocculation was impossible to perform.
Comparative Example 3:
Waste water similar to that used in Example 3 (waste water discharged at
a rate of 400 m’> per day, the BOD of which was 1,000 mg/liter) was
25 experimentally treated according to the process flow shown in Fig. 9 and with the
use of a waste water treatment system including a carrier-fluidized aeration tank
having a capacity of 160 m’, a complete oxidation tank having a capacity of 190
m’ and a membrane filtration unit. The membrane filtration unit mounted with

14 hollow fiber membrane modules each made of polysulfone resins and having
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installed outside the conplete oxidation tank. This nenbrane filtration unit

was operated on an internal pressure type filtration (at a cro b}‘@m
of 2.5 msec) at a constant flow rate of about 01 nB/nR per dg‘f},—q Wi éﬁ%gO%

filtrate totally 5 discharged to the outside of the conplete oxidation
tank. The operation of the conplete oxidation tank was started initially
with water filled therein and the MLSS gradually increased to and renuai ned
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carried out during this period. The 15 system operated satisfactorily in

that the chhicftak@edideMiweffhuwtdn%me bxidgeon tdnkan 2 ng/liter and the
SS was found to be zero, i.e., to have been conpletely renoved, but it has
been found invol vi Adeaoperation exfabk ecqmplitecaxidation ttek wesnitarted ihitlallyawithn
unit required a high cost of installation and, also, a high running cost.
20 Exanpl e 5:wmgf)gleddherrelma§d itbe ddbS&tgradvallyeingreased e andrretiajned AeatB@d of
which was 3,000 ng/ljter, was experinentally treated according to, the
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tank was found to have been stabilized at about 10,000 mg/liter and drawing of
the sludge out of the system was never carried out during this period. The
15  system operated satisfactorily in that the BOD of the filtrate was found not larger
than 2 mg/liter and the SS was found to be zero, i.e., to have been completely
removed, but it has been found involving a considerable problem that the
membrane filtration unit required a high cost of installation and, also, a high
running cost.
20 Example 5:
Waste water discharged at a rate of 20 m’ per day, the BOD of which was
3,000 mg/liter, was experimentally treated according to the process flow shown
in Fig. 6 and with the use of a waste water treatment system including an
activated sludge aeration tank having a capacity of 120 m®, a flocculation tank
25 having a capacity of 6 m’, a complete oxidation tank having a capacity of 30 m’
and the membrane filtration unit. Since the waste water contained neither

nitrogen nor phosphorus, urea and phosphoric acid were added in a proportion

corresponding to BOD:N:P = 100:5:1.
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MESS of the activated sludge aeration tank could attain about 3,500
ng/liter. The flocculation tank exhi bited a good sl udge fl ocoyl {,ﬁwﬁﬁpw%
the BOD of the 5 treated water was found to be not |arger tha(r\lzufgﬁng Iter
and the SS anount (the anpbunt of suspended solids) was also found to be not
| arger than 10 ng/liter. Also, portion of the floccul ated sludge was sent
to the conplete oxidation tank (The flowrate at that tine was about 6 nB
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stabilized at about 9,000 ng/liter and draw ng of the

complete oxidation tank. This membrane filtration unit was operated on an

-,

internal pressure type filtration (at a cross-flow rate of 2 m/sec) at a constant flow

15 rate of 1 m*/m? per day, with the filtrate returned to the activated sludge acration
tank.

During the filtration process, the separation membrane was physically
washed by means of back washing with the filtrate at intervals of a filtering
period of 15 minutes, with a concentrated liquid discharged having been returned

20 totally to the complete oxidation tank.

The operation of the complete oxidation tank was started initially with
water filled therein and the MLSS gradually increased to and remained at about
9,000 mg/liter. The s-BOD sludge load at that time was found to be 0.04
kg-BOD/Kg-MLSS per day.

25 Also, by monitoring the respective concentrations of nitrogen and
phosphorus both contained in the filtrate being returned to the aeration tank, the
respective amounts of nitrogen and phosphorus being added to the aeration tank
were reduced and, however, after passage of about 3 weeks, addition of nitrogen

and phosphorus came to be no longer needed. Although the system was
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sl udge out of the systemwas never carried out during this period. Exanple

6: 5 Waste water discharged at a rate of 400 n8 per day, the BERI i
was 1,000 ng/liter, was experinmentally treated according to the prag]g\gg%ﬁ?%%

shown in Fig. 7 and with the use of a waste water treatnment system i ncl uding
a carrier-fluidized aeration tank having a capacity of 160 n8, an activated
sludge aeration tank having a capacity of 140 nB, a floccul ation tank
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sl udge aer at ispiidedh\lt oTQhé teﬁlma§h@s€&%mﬂiaﬁduwdrmp£ﬂﬁ@§eﬁ@di vated sl udge
aeration tank could be kept at 0.1 15 kg- BOD/ Kg- ML per day. The

carrier-flui di lee:ation tank was charged with 8 nB8 of a gel-like carrier
of acetalizing polyvinyl alcohol (4 mmin dianmeter). Since the waste water
cont ai nedsnei t her rWastegeatendischirgedratraimte ofird®8 @ hephtayptier BOD@if dviiehe
added in a proportion corresponding to BOD:N.P = 100:5:1. 20 Portion of the
sl udge wi t hi washé,G00cogiliter.i viastexplerimentally dreatadl aecarding ta the precess|floiye
aeration tank_so that the M.SS of the activated sludge aeration  tank could
attai n about showwoinnkig. 7t and wihethe) wrecell aitvaste wakae tesatmsnt syptemgpsipding adge

fl | ati d .BOD of th d d b

[ oceutatl on and {1 BCR oL LhS Lrefied veler vas [ound Lo, be nal VoLt
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hol | ow fi ber nenbrane nod made of polys resins and having a
nol ecul ar cutigfrbd@ded ihto 0caidr-AuidEzbd as@tidH tARE HoMieR oPthe (rabik waer was

installed outside the conplete
fractionally introduced into the activated sludge aeration tank so that the sludge
load within the activated sludge aeration tank could be kept at 0.1

15 kg-BOD/Kg-MLSS per day. The carrier-fluidized aeration tank was charged
with 8 m’ of a gel-like carrier of acetalizing polyvinyl alcohol (4 mm in
diameter). Since the waste water contained neither nitrogen nor phosphorus,
urea and phosphoric acid were added in a proportion corresponding to BOD:N:P
=100:5:1.

20 Portion of the sludge within the flocculation tank was returned to the
activated sludge aeration tank so that the MLSS of the activated sludge aeration
tank could attain about 3,000 mg/liter. The flocculation tank exhibited a good
sludge flocculation and the BOD of the treated water was found to be not larger
than 10 mg/liter and the SS amount (the amount of suspended solids) was also

25  found to be not larger than 10 mg/liter. Also, portion of the flocculated sludge
was sent to the complete oxidation tank so that the interface between the sludge

and the supernatant liquid can be kept at a predetermined level. (The flow rate

at that time was about 10 m’ per day.)
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oxi dation tank. This nmenbrane filtration unit was operated on an internal 5
pressure type filtration (at a cross-flow rate of 2.5 m sec) 0
flowrate of 0.7 nB/n2 per day, with the filtrate returned tiﬁtlﬁg‘?ggﬁl@g%eog
sl udge aeration tank. The operation of the conplete oxidation tank was
started initially with water filled therein and the M.SS gradual |y

i ncreased to and renmai ned at about 10,000 ng/liter. The s-BOD sl udge | oad
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contai ned in §86ukidd iRdld81LRIaAE Jf?dg%%ggﬁfeoregfhg ﬁlﬁrﬁat\gg% gtltﬂm%cuieﬂ‘ecutoff. of

respective anounts of nitrogen an orus being a o0 the aeration

tank were reduosolaAdd mBRBEMRY surfice SirePa5 309E° Whs akalledHRsTRHB coftffléiel ON
of 15 nitrogen and phosphorus cane to be no | onger needed. No probl em was

found in remdagor henlBODThzRMIAbane ThRrdtiodn ani ivaanepeapstedson earfliihfegnglnce
gradual ly increased and, therefore, the chem cal cleaning with sodi um
hypochl or ist e prassure qype Siiration (it ar arabsflov mtpef i2dd ngfec) ad at caistantdhivh sate

Al t hough the s stemwas oper at ed continuously for about one year, the MSS

in 20 the comfl @7emdimidpen day, twitth thediliraterigtaracd 40 ehp astivatedbilnilge deratioabout

10,000 ng/liter and drawi ng of the sludge qut of the system was never

carried out darkngThempergion 6 thosepmlele; eddatiompank wvas\garted unitiatlyswith) ar
to that used in l e 6.(wasgt di scharged at . 25 rate of 400 nB
bor ' day, "t he "B SIGHRER ISR 1o S0t S5 SRy iesed S8 nRurmangt ot oo
according to ¢t rocess. fl.Qw s in,.Fig. 10 dwth the use o ste
wat er treat ne@ﬁg(gg?%ﬁﬁ?rnclﬁlﬁ Y c%EPFE%aﬁ’?‘%lﬁtg‘S%# fo i n%,[ 291{?6?1% 'ng a
capacity @f ) 1 ¢ sl udge aeration tank having a capacity of
190 nB, cho#%og@)g%]ggg!ggﬁ%ggg% having a capacity of 190 n8 and a 28 24
NOVEMBER 2006  memygpe Hy | by Uhet ﬁs?i@bdi\?e A JHRERtratisH ! 'o?nnﬁfoéelﬂe apgst e

water was introduced Into the cartier- di zed aeration tank, portion of
the waste watgiosphsrusfboak tcoaittahéd/in tHe! ARk Beind! Rtirhed 36 they aé@dioal thakiethe

aeration tank so that the sludge
respective amounts of nitrogen and phosphorus being added to the aeration tank
were reduced and, however, after passage of about one month, addition of
15  nitrogen and phosphorus came to be no longer needed. No problem was found
in removing the BOD component. The transmembrane pressure difference
gradually increased and, therefore, the chemical cleaning with sodium
hypochlorite was required at intervals of a period of about six months.
Although the system was operated continuously for about one year, the MLSS in
20 the complete oxidation tank was found to have been stabilized at about 10,000
mg/liter and drawing of the sludge out of the system was never carried out during
this period.
Comparative Example 4:
Waste water similar to that used in Example 6 (waste water discharged at
25 a rate of 400 m’ per day, the BOD of which was 1,000 mg/liter) was
experimentally treated according to the process flow shown in Fig. 10 and with
the use of a waste water treatment system including a carrier-fluidized aeration

tank having a capacity of 160 m’, an activated sludge acration tank having a

capacity of 190 m’, a complete oxidation tank having a capacity of 190 m’ and a
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| oad within the activated sludge aeration tank could be kept at 0.1 5

kg- BODY Kg- ML.SS per day. The carrier-fluidized aeration tank wass GHIRIAsE 2 6
with 16 nB8 of a gel-like carrier of acetalizing polyvinyl alco oI ?3? R 00
dianeter). Since the waste water contained neither nitrogen nor phosphor us
urea and phosphoric acid were added in a proportion corresponding to BOD: N: P
= 100: 5:1. 10 The nenbrane fi Itrati on unit nmounted with 14 holl ow fiber
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unit was oper at ed on an I nterna ressure type tration at a cross-flow

rate of 2.5 nmirs@fonafl§ iftroduccdiid the ht@Vated SR éera@émaxﬂ@go fa theishlagehe
filtrate discharged to the outside of the conpl ete oxidation tank. The

operation of lohe¢ edthihetke oxétivdtedn sludgdk aersiost aahkd donld | BE| kept t & V@l er
filled therein and the MLSS gradually increased to and renai ned at about

10, 000 nyhl i tler-BOMK &-MBCES spardday. | GBlsk @hrridrifdnidizedeasvatioh cankl was lchafgeds
kg- BODY Kg- ML.SS per day. 20 During this tinme, the transnmembrane pressure

di fference gr\&dﬁal& ym iafce egaddikeanarrier hef @f:@iabzlllghQObfvmylcaICOhDE&ﬁi mgn vint h
sodi um hypochlorite was, required at intervals of_ a period of about six
nont hs. Al t holiametesh s§lélﬁérfh§\/a‘§35téﬁé@t§t santained AgBhen 9lthg€naB%Ph@ﬁé10y!é%r

the MLSS in the co OXI dat,i on .was found to have een

at about. 10, OHER ﬁﬁﬁpnlhp Phatiean v GRd 193 RRBOBI ST aROnding o) SR wa
never carried. ?gg tll’l ng this period. However, a problem has been found |n
t hat since the éa ‘ation nmenbrane was required to filtrate in a quantity

consi der ally °hi gh culs Fmerafe SRR RS il T HIRloS, el iGhBRE ©

cost). Also. aPENSE SROT RRCHT BTN P, B E¥ngl RN Mot ST,

mz{ Ir :); g; and 6fh¢3 Bowasd hpenHatidghgs memdrardeNSurfBsasdd V€ 3P h® waRDLtadleafl
outside the complete oxidation tank. This membrane filtration unit was
operated on an internal pressure type filtration (at a cross-flow rate of 2.5 m/sec)

15  at a constant flow rate of 1 m’/m” per day, with the filtrate discharged to the
outside of the complete oxidation tank. The operation of the complete oxidation
tank was started initially with water filled therein and the MLSS gradually
increased to and remained at about 10,000 mg/liter. The s-BOD sludge load at
that time was found to be 0.05 kg-BOD/Kg-MLSS per day.

20 During this time, the transmembrane pressure difference gradually
increased and, therefore, the chemical cleaning with sodium hypochlorite was
required at intervals of a period of about six months. Although the system was
operated continuously for about one year, the MLSS in the complete oxidation
tank was found to have been stabilized at about 10,000 mg/liter and drawing of

25  the sludge out of the system was never carried out during this period.

However, a problem has been found in that since the separation

membrane was required to filtrate in a quantity corresponding to 60 times the

amount dealt with in Example 1, involving a considerably high cost of
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5 and phosphorus were found to be so high as 50 ng/liter and 10 ng/liter,

respectively. Although an attenpt was nmade to return portion |
water to the carrier-fluidized aeration tank, the operation V\%{}Fégﬁg@?ﬁ%&d

continued and the attenpt was therefore given up because for substitutes of
the nitrogen and phosphorus being added, a substantially total amount of
the filtered water had to to be returned to the carrier-fluidized aeration

t ank. However en 2% of..the flow,of the,fil,ter. wat.er was, retur,ned to
L he car ey Shatall 850, AP s i i phyt AR eonsSicsanty High riRnifh oaC arbetIgy
filtered cog)l gvae@%k e dealt with and one nore hollow fiber nenbrane nodul e
had to be added. Rt this time, the respective anounts of the added nitrogen

and phosphorus coulido bafiibet ¢ WOPPBIRENSthud 3\ GUa ol IafséremARNg! N9

to 10% and, therefore, eturn o tered water to

carrier-fl uigsZigst ARY thel I whdTburkdPtd B BéroNtheaRoptictiNe tHRI hinouhbEoPhie®Reh

i nvention having been fully described, it is clear that the waste water can
be treated ahdaphesphoeds ooat féund 1o rberisoahighn aof 50 haganauahdol0 mpditer,udge
bei ng drawn. 20 Al though the present invention has been fully described in
connect i on wedpectifelypr eléhoumth emiadtimptnivas miveteetsf retutth poetier efiche filterelde
acconpanyi ng draw ngs which are used only for the purpose of illustration,

t hose skil | avatenta He eamriewifluidized dicratiasotanki the operatine vaidd hetvgrepsdinaad

nodi fications within the framework of obviousness upon 25 the reading of the
speci fi cat i Ghdribe aftempt sas thergiore given wp beease fonsuhstifgas opthegritioggn gndsuch

b osant | nvaOPBRPES DSUTS SUlcdh arREntALY epal ABOuARek BHF RUFeCovaies hag (0
RIGIA REMR IR N R T N T T e
7120, OPLAIELAY s HRTEATA b S, B SEHLE A e g e
aeration tan, WR'dt thBSw¥ES Weattbeigiflered could not be dealt with and one more
hollow fiber membrane module had to be added. At this time, the respective
amounts of the added nitrogen and phosphorus could barely be reduced each in a
15  quantity corresponding to 10% and, therefore, the return of the filtered water to
the carrier-fluidized aeration tank could bring about no merit.
The present invention having been fully described, it is clear that the
waste water can be treated at a reduced cost with minimization of the amount of
the sludge being drawn.
20 Although the present invention has been fully described
in connection with the preferred embodiments thereof with reference
to the accompanying drawings which are used only for the purpose of
illustration, those skilled in the art will readily conceive of numerous
changes and modifications within the framework of obviousness upon
25 the reading of the specification herein presented of the present
invention. Accordingly, such changes and modifications are, unless
they depart from the scope of the present invention as delivered from

the claims annexed hereto, to be construed as included therein.
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an activated sludge are brought into contact with each other in an aerobic
condition; a sludge concentration retaining step of retaining3aNOVEMBER 2006
concentration of a sludge within the activated sludge aeration tank at a
predet erm ned val ue by returning portion of a sludge within the

flocculation tank to the activated sludge aeration tank; an excessive sludge
conpl ete oxidation step of maintaining an excessive sludge, which is the

sl udge suppl l.occul ati on tank, but exclusive of that portion
of the sl udgewgg%gn@edlqﬁ?%mgfhe flocculation tank, in a conplete oxidation

state in whigh a speed of d%]%&BB&Qﬁtt%QQ ﬂfentthﬁ”ﬁhgﬁtg% Bfl \%h%&’?%gufaﬁrls S qin

sel f-oxidation of the slu hin t e conpl ete oxi atlon t ank

equi libriumw th egcsfludgehfloccaldding s@égaﬁscbty&lﬁwg% stipkFhataen ]ﬁ{lﬁﬁ 1534
filtering the waste water containing the sludge within the conple

oxi dation t aflocchhutinghwithinepdtcicudationnfardoehbaludgesh ity been trehtédr ger
than 5 pmto thereby discharge a resultant filtrate in a quantity

cor r espondi ngvithimman activatedfsladget aeratoopdmerk whetehthe onpstet wvater datd on
tank increased. 2. The waste water treatnment nethod as clainmed in Claim 1,
wherein the magélvatedceﬂmigmgrstbmughﬂ ints condapktveithopachfotdrent e amast e
wat er and a carr e. been brought into contact with each other in an
aer obi ¢ condiere 1C\/\9FQ lﬁlqrhe carrier-fluidized aeration tank, bringing the
waste water and the acbIél ated sl ud i.nt o cont.act W|th 31 .24 EMBER 2006
each other in the 8ctf (X%ed sq(mfﬁé‘ ]é%}?lﬁpl oFEYAIRING 1 iSteth e O o FRRAINIRG oA ni ng

2 uPernatant L k4, USE S ald R SRR LR g G B0,
conprising ap ‘B&*EHQPJPrﬁﬁiécPWa%EVBWf&%r?ﬁﬁ& Bbrti6hU6f1a"1%dge within the
flocculation tank to the activated sludge aeration tank;
an excessive sludge complete oxidation step of maintaining an
excessive sludge, which is the sludge supplied from the flocculation
tank, but exclusive of that portion of the sludge returned from the
flocculation tank, in a complete oxidation state in which a speed of
propagation of the sludge and a speed of self-oxidation of the sludge
within the complete oxidation tank are held in equilibrium with each
other; and
an excessive sludge filtration step of filtering the waste water
containing the sludge within the complete oxidation tank, through a
separation membrane having a pore size not larger than 5 pm to
thereby discharge a resultant filtrate in a quantity corresponding to an
amount of a water component in the complete oxidation tank
increased.
2. The waste water treatment method as claimed in Claim
1, wherein the sludge flocculating step includes a substep of, after the
waste water and a carrier have been brought into contact with each
other in an aerobic condition within the carrier-fluidized aeration tank,

bringing the waste water and the activated sludge into contact with
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total anmount of or portion of the filtrate di scharged during the excessive
sludge filtering step to the activated sludge aeration tank. 4. The ste
water treatnent nmethod as clained in Claim 2, further conpri’s"ll?lév M&RZOM
eut rophi cation preventing step of returning a total anount of or portion of
the filtrate discharged during the excessive sludge filtering step to the
carrier-fluidized aeration tank and/or the activated sludge aeration tank.

5. The waste ter_treatnent nethod as.clained in d ai 2, wherein the
carrier-f | uie®che PLREF atht obhe ALV isludgecaeraiapn; hanki andsefhereafter om a

group consi sting of gel-like carriers | gsticqcarriers j;and fibypous

St ore 6 obttnie Rosuperatid liddi ReRodrulafing The s1fidee Wit the
wherein the her: jned within the carrier-fluidized aeration tank is
an acetali zifiﬁl%rc[%l(%?{g}\(/’l ﬁt}%ﬁ%l cohol gel-like carrier. 7. The waste water

treatnent mgf hod as cl a"I'l‘f‘éjvd'ddlztg\ﬁ%llf%r fre MRS &ét%%dsggl%;l%ivﬁél?& iREOPLane

used during the excessive sludg tering step is a I'ber nmenbrane.
8. The wast g VRlrehet c6RIESIngBhNAkr8phitRioR Hrevetigsteh oMet @ ins

conpl ete oxidation tank is operated under the  sol uble>BOD sludge | oad of

not |arger ttheal Calddulkd- BODOHKOpbEtsdn @dythé2filtrate discharged during the
excessive sludge filtering step to the activated sludge aeration tank.
4. The waste water treatment method as claimed in Claim
2, further comprising an eutrophication preventing step of returning a
total amount of or portion of the filtrate discharged during the
excessive sludge filtering step to the carrier-fluidized aeration tank
and/or the activated sludge aeration tank.
5. The waste water treatment method as claimed in Claim
2, wherein the carrier-fluidized aeration tank contains a carrier that is
selected from a group consisting of gel-like carriers, plastic carriers
and fibrous carriers.
6. The waste water treatment method as claimed in Claim
5, wherein the carrier contained within the carrier-fluidized aeration
tank is an acetalizing polyvinyl alcohol gel-like carrier.
7. The waste water treatment method as claimed in Claim
1, wherein the separation membrane used during the excessive sludge
filtering step is a follow fiber membrane.
8. The waste water treatment method as claimed in Claim
1, wherein the complete oxidation tank is operated under the

soluble-BOD sludge load of not larger than 0.08 kg-BOD/Kg-MLSS-
day.
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