Waste Water Treatnent Met hod BACKGROUND OF THE | NVENTION (Field of the

I nvention) The present invention generally relates to a nethod of

treatment of waste water and, nore particularly, to the waste water
treatment 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) Hitherto, the activated sludge process has
been largely enployed in treatnent. of waste water. In the practice of this
activated siudge process, af Waste Water Jreaunemt Mathads been dissolved by
bringing the waste water into contact wth an activated sludge (i.e., floc
cont ai ni ng aerobic mcroorganisns) in an aerobic condition within the
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aeration tank. On the other hand, devel opnent of the carrier capable of

retai ni ng dDeésgghipdoneftthet Peiorrt)yi croor ganisns is in progress and if
this can be used, it is possible to inpart the BOD volune |load that is so |
high asi02 to 5 kg/n8 dditherth, tleenetivetedt sleadper processt hak eemn bergely

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 (.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 supernatant liquid. In such

case, portion of the sludge is returned to the activated 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
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reduced in size. See, for exanple, "Kankyo Hozen Hai ki butsu Shori Sougo
G jutsu Gaido (Environnental Preservation Processing of Industrial Wastes,
GQui de to General Technol ogy)"” published by 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 vol une | oad
as di scussed above, not only does the treatnent tend to be |owered, but
flocculation of the sludge is also lowered, making it difficult to achieve
t he subsequhigh sep@ abi rkgin? ltays lavdl etlvérdiore,t tite ddredion afand daantbe
follow ng the activated sludge aeration tank. Therefore, the system can
hardly be opedwutest int @dzi.| y Sed| sfor ekaheple; “KankgoeHuoden sai Haikidiutasout
50% of the BOD conponent renmoved is transformed into a sludge (an

excessi ve sBhonePougp Giutse GaidoeBrcironmental Preservatioax ce Priocessingdge
out of the system which is, after having been dehydrated, subjected to a
final di spoef tIndustoied ¥éastes| {avide dicazeneraladechnologs)hepublished! by
addi tion, ﬁkt@hough f]he S st,e? hat does not generate the excessive sludge
woul d bé t hEepgypdahpysatkai uaryla 2% redl. oxidation state, in which

the speed of propagatiqn.qf the sludge and the speed, of sel f-oxidation of
the sludge within the 3&&@1&5’1@ emveitignal aativ ﬁbl‘igﬁf PLEgassi HBr hd® wi t h
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flocculation tank following the activated sludge aeration tank.
Therefore, the system can hardly be operated steadily. Also, while it
18 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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In contrast thereto, with the process utilizing the carrier (hereinafter
referred to as the carrier process), it can be inparted a high |oad and,
therefore, the aeration tank can be conpactified. 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 al ready
suggested a waste water treatnent apparatus and a waste water treatnment

met hod, in which a conbination of an aerobic process utilizing the carrier
with the coslhidgesbasédiani maturad fleosulationsepmott boachiesedine is utilized to
suppress generation of the excessive sludge such as disclosed in the,
Japanese Lai d-open Pat da condgaist shevetaovithodie poocess. utilizing the cameienast e
wat er treatpent  apparatys and the ste water treatnment t hod di sc] osed
in the abovee¥SHABREL ﬁﬂqii:&@i%\é\ﬁﬁ\ﬁ@rﬂﬁfs@m@ﬁ yﬂb@annggummmdng a

bl [ h h ilteri It tends to b bul ky,
P ecompant edlBh dipah itk SheEekore, (e eAtian dhacam bhcremRstifinti ng
cost. S Y OF THE, | NVENTI ON Accor di I’Ilﬂi% theu@ﬁesent i nvent i owa%zli ng
been devt set oG &i eoﬁamsrfwgﬁ?ﬁf& 0EEHUEh d0s BERETANER) ehdinely i
[ ded . [ f ti t t
cost for  raistafd hGade ¥R SaRE bt EEhIR et iatef Jfé’gk‘yeﬁqtq‘%ﬁé)?iﬁéﬁge ’
b d [ ti ' t t
waste wat orbrot i A fhn AVE| 4R8P SUEERSRATR! B8 whlff FRRlmtat
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wast e wat ercainBimatisft iofahad adrdBie Frdeels Ohlgﬂizih?t heorhfierWivith ¢Ren

other in an aerobic condition; a sludge concentration retaining 3 step of
retainifg acorapletet ogidatio®ftanks hwdgehwi ddparativn anéimbatae@ is 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 1in 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
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sl udge aeration tank at a predeterm ned value by returning portion of a
sludge within the flocculation tank to the activated sludge aeration tank;
an excessive sludge conpl ete oxidation step of naintaining an excessive

sl udge, which is the sludge supplied fromthe flocculation tank, but
exclusive of that portion of the sludge returned fromthe flocculation
tank, in a conplete oxidation state in which a speed of propagation of the
sl udge and a speed of self-oxidation of the sludge wthin the conplete

oxi dati on tetep aferéfeliding @ qedrdemtrationi of @agludgehevithimdthen astbedzidve
sludge filtratjon step of filtering the waste water containing the sludge
within the sladgecaerationtandnat armxedqtnrm;gﬁdavglwabmmburmpanfbolnamﬁ ng a
pore size not larger,than. 5 gmto thereby discharge a resultant filtrate
i ¢ 2 pludep ruibeRdihe fosculntion dankoto Ahaadive e pRratien
l:grrgl gtjgn Io ?ﬁ%t i 0;1 tank.ihr?gie sed. Prleferabl Y,.the slttz;Se f.l %ccul ating
step i ncl udé’sn ag ex¢essive sludge complejggmdation step of maintaming, anyeen
b ht J nt cont ac ith _each ot her i,n an aerobi ondi i oy Wi thip the
cary or 3 1 PepeSRV € hutetn R % Pt B5ted e Mg odelafohy co
| udge intq t ] c r..in.the L.vat ed sl udge ati t an
an, gt h:ar eatchlgg’, Bg‘%t%ﬂpﬁﬁﬁ%r&gﬁ%@nBP%E Pﬁfﬁl& g@'l&igq 58@%%?‘?%0%3 | udge
ithin th ' cal £l e .ef e ' l.oR: kank ste
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| ud an |k 3 P : pdged Mibh ete
zxgdgf I on %%%g%ﬁﬁxg (gfr%}?}gﬁgmiq’%é 2‘3&1 %PB?%%%F% %hl eac%g’\%lg)ﬁe?f :tg@ E’?E‘e gby

appar ent |y wofHindgliekbinplete oidation! e atre RE1OR WauiEBF uhhivstlp éalRse.
it is preferred that the sol ubl e-BOD sludge |oad within the conplete

o, sk S-S S Gk 4 i
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

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-
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In general, if the conplete oxidation tank is operated under such a | ow

sl udge | oad, the sludge can be dispersed and will no |onger flocculate by
itself and separation within the sludge tank will no | onger be achieved.
According to the waste water treatnent nmethod of the present invention, by
I ntroducing into the conplete oxidation tank, and subsequently filtering

t hrough the separation nenbrane, only a portion of the sludge propagated
after the sludge floccul ating process and the sludge concentration

retaini ng playeasd moee prefamblegmdiclargesr thad 005t kg BOD/kgvMILES - day.

m nim zation of the anmount of the excessive sludge. In the excessive

sl udge conplegenexaljaf the complets oxidation tiamk s epérateidcunden sachi =lew
conpl ete oxidation of only that portion of the sludge proliferated after
the BOD congludgetloags thiensludgeean e daspensednanduwid) nm hpnger flogubateon
tank is required gnd, by bringing.the speed of propagation or
proliferatikm igselfhand aqg@ramonewtmrbrﬁ%m&mdgetmlspwé& po longer be
oxi dation of the sludge at a | ow sludge concentration, the anmount of the
sl udge t% pachie¥ed- can be reduced consi derably. Also, since it is

L o 1, P TS 8 o SRt AR
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operation ol SVREAded BoSgiald oty TtLE Ll ke
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the carri erggdraitdidlz@dntinuously with minimization of the amount of the
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 filirate discharged
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aeration tank and/or the activated sludge aeration tank. Since the

filtrate within the conpl ete oxidation tank undergoes a self- oxidation,

it contains nitrogen and phosphorus whi ch have been dissolved fromthe

m croorgani sns. 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 utilized as a source of nutrients for renoval of
the BOD conglurmrg thed,exdessbfeorsdudget filtdryngastéphetorihet cafrridrefloidizeden
and phosphorus to be di scharged be reduced, but the anmpbunt of the nitrogen
and phosphoaemation Hardddatl/es the sotivadedfsindgei aerationntamk.o Bencedheed.
Depending on the conposition of the waste water and the operating .

t echni que uSHaate withuy theamplete axidatiomtamkiundengoesanselrexidation,
satisfactorjly with neither nityogen nor phogsphorus added. |f an attenpt is
made to reldufqntanpsmItregen: § syh@é'umimh haverbeanddigselvesk romn ¢ he
first nentjoned publication, rations, of niﬁ{ogen and

phosphorus tRsumMe eoressEny M ss@_ﬁﬁtgéée&fic %Cﬁﬂ%egen&nmlmp orus
andthat t St Bom GRS 1395k oViLL: Epneiite { & cBlen fceulbaRhication.” | "
A di ngl (O . f it | EF . DESCRI PTI THE
oo LY AcStingly, Bl ilRE el 12, TRE! e LT B TR T
under st ood SAABVADS1 (ld BOD HERRHdHE Whet/ ROhE Az 8RO TRRSe, of |

t hereof, when taken in conjunc acconpanying

the embodi nggtSesatd qap%eniﬂchaﬂ SEhE@'BOY x&&}gﬂt@ﬁ g{}d} BRe oﬁesﬁoﬁfotr}]lg

illustration and explanation, and are not en as Ti mting _

scope Ofp t heaPrthee fonny VTR Hifrogdty atRl pMRPIRLUS' to Mol disclraized pet 0 be
determ ned by the appended 6 clains. In the acconpanying draw ngs, |ike

ref erence neftcds baitethe amount of the nitrogen and phosphorus 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
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used to denote like parts throughout the several views, and: Fig. 1is a
schemati ¢ di agram showi ng the sequence of treatnent of waste water
according to a first preferred enbodi mrent of the waste water treatnent

met hod of the present invention; Fig. 2 is a schematic di agram show ng an
exanpl e of the manner of arrangenment of a separation nenbrane; Fig. 3 is a
schemati ¢ di agram show ng anot her of the manner of arrangenent of the
separation nmenbrane; Fig. 4 is a schematic di agram showi ng a further

exanpl e of claimsrarimethefaceongpaeying drawingss diker aéference duareral§iaye 5 is
a schematic di agram showi ng the sequence of treatnent of waste water
accor di ng tused $edenotelsteparts tutoghmitt thesevéralndews, waxdsr treat ment
nmet hod of the present invention; Fig. 6 is a schematic di agram show ng the
sequence of treatnent 8. vis @ mhema:tm:drlagrfgmts avmngrtzlmasequenee o

enbodi nent of the te water treat nt met h of the present .invention;
Fig. 7is argaqu\'%swa& %@Wo@fﬁ% 108 t@e%%éﬁ%@rgferrﬁ diment.pfst e

wat er acco a fourth preferre nment of .t he ste water

et o i gaste W@rpﬁrsegwm% gh?@%ﬁ Bepresent igveRhORi i ¢ di agram

show ng t he manner of rr of a Iete OX|dat|on t ank.a 9 ﬁ
‘@°§ fs a

second fl occul ati on HEl g an}aﬁlcd qe:&ampll

T eat g ASEHE, @%ﬁﬁ%&ﬂgvﬂ%?%% %ﬁ%ﬁiﬁﬁf ew""ZtnS Flo. 1005 a

schemati ¢ di agram showpgig tqq "?’E{q&g%n‘i’étlcaﬂ ag}%ﬁ"%ﬁov?fneé *b?md%%ﬁ-eof‘%ﬁr

treating facilities enpl 6yed i conpar ati ve exa
manner of arrangement of the separation 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 detail with
reference to the acconpanying drawings. In particular, Fig. 1 illustrates,
in a diagranmatic representation, the sequence of treatnent of waste water
according to a first preferred enbodi nrent of the waste water treatnent

nmet hod of the present invention. (Sludge Floccul ati ng Process) Waste water
or a water to be treated is, after it has been subjected to a pretreatnent

in which anDETAELEDRASCRIPEIQMNOF THREHEMBODRIMENTS renoved from t he

waste water, then mtrﬁuced into an activated s|udge aeration tank 3
shown in Fig. 1. Altho preimaft %tsmzm Meﬁarmaéeembpdlm@mmfkﬂ@ present
flocculation ta ol eratJon ank 3 operated in the
previ ously 4 @i Wibape wéﬁﬁ@fl efhein Al o[ | avetoinnse: fo prthge

| oad of waste water in Jorder to achieve a good floccul ation character| StIC
in the flocRtACRPERYING FFaWIDES, {he BOD sl udge | oad, the value of 0.1 to

O TP KOS, 99 LS BARUR, e SRR Cln B Aa Rt o
act i vat od SenrgEentarithy %ﬁe R EARE0h R IR AL ARPE €t AaRe to

floccul ate te WLL G |y
di schar ged %?Jﬁf]j effﬁrre‘ﬂ E?‘eﬁnﬁnﬁz Ei dbié%%oncegﬁ gv?%tgg tﬁé%%r?ﬁr‘f%%%gg ?rde}tnt)
The sl udge ﬁfé‘l?{-@ééﬂt Hﬁ{ggﬁh at .the bottomof the flocculation tank 4 in
a quantity of 10,000 ng/li ter as MLSS (m xed |I|iquor suspended solid).

However, in(Sludee FlockahitihBePrdeess) ace 8

10 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 routinely
drawn out fromthe bottomof the flocculation tank 4 while the remaining
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 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 abetweagihedladgdge thengulikstdimedtiand the sdpeedatant liquidrgtl et e
oxidation tank 5. In this conplete oxidation tank, the waste water being
treated i s aepredetermisveda level, pbutign lofathei shudge isl qipatptatpeslyt icen
rate being kept in proportion to the sludge self-oxidation rate so_ that

t he quanti tXowinelye daawun ous frage tharbatsornp phithet flocewdationl tanks4 dehilel v.

For this purpose, the soluble-BOD (this is herein referred to as "s-

sl udge | oadthenremainmgpostionsed the pbidgerretumnest t9 themojiviated aﬁgﬁg %an
o e SRt Pk o B P iR g ke

Tl terod t AVGSH ot S epeeRranathBRlHe 6 To Separate the waste vater into
wthin e CamPRRe Blafpar iRt ol o e Rl e o it er)
corresponding to the qm‘% [ {.é(stofofmqhglr gygggléﬁ@‘?ﬁghi 34 schat gﬁgf’%'ﬂé%d

separation menbrane 6 that can be enp practice o € present
eI O, Tt B Lt s ur € phopBpplad ot eano gty b
t ubul arjorendr@igindréti¢ed i¥to a complete oxidation 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

t5  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 increased 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
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sheet nenbranes. However, the use of the hollow fiber for the separation
menbrane 6 is particularly advantageous in that the surface area of the
menbrane per unitary volume can be increased to such an extent as to allow
the filtration apparatus as a whole to be reduced in size. A so, material
for the separation nenbrane may not be limted specifically to a
particular material and, in consideration of the condition of use and/or
the desired filtering perfornance, the separation nmenbrane_that can_ be
enpl oyed i nshert pnembranest t Howeweernthe nuset ofotbhenhollovanfibenaforc thel ymer
menbr ane nmade of  pol yolefin, pqlysulfone,, polyether sulfone,

et hyl ene-vimaratggho%ere pane nfr 1s ppartdevlarly; advantageous) | iags dhatethee,

pol yvi nyl i dene, fl uori de ol rfl uoroet hyl ene, pol ynet hacryl ate,
pol yester, 95%14?83091’? mg&i@?“@rp% "imjb@@faﬂpﬁ’%n?ﬂlbi’@ ingreaged der ani ¢

the Iike., Ho t [ f d,of hyd hilic, d
of hydr opi 14 1 Bxtep asLth Al BIRF B GHPR GHRSACHSd M AL GO th-
pol yvi n)sgl gll&%%mnegi s, polysul fone resins added w th hydrophilic

pol yrer ohol resins, polyacrylonitrile resins, cellulose

ety bt 9B AP Ry PhOMLBRERIEN BRmBREAUSD HhPPe
to adhere Q?&ﬁté&ﬁgééﬂﬂaﬂgt £5a P élﬂ%r%at@fiﬁ%ﬂd?%%ﬁ%ﬁ%%égg\?@ ;aggpley

peel ed of f fromt separation nmenbrane. Yet, any other

menbr anes  r@gflieforOt BT udBt &iidib than dddirs® FlveMhat PedbPYA @) dhso be
enpl oyed. For the organic polymer nenbranes for use In the present

invention, gepiratidn tieedbraasamdagntsnnby dmploped Vitetheegraetice of ghal ity

of materials may be bl ended. Were the organic polyner is enployed as

mat er i alos faresenfieirvenaiehi arayrerdrameprgammcnpohyadepf memkbrgné hmaghkpafat i on

0 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
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menbrane that can be used in the practice of the present invention mnmay not
be specifically limted to a particular one, but nmay be chosen from any
known net hods in consideration of the characteristics of the material
chosen and the shape and performance of the separation 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

Phe. ol ndgs’ BImbRENGhat S limaled mabaopiactioe 3ot pEaseht SAvERGOn |
P ot andar o DUy P bB S5CBERNS im0k BP0 Barffrldy e, Bt way bR st °U°"
a standard S [ I ! r ; [
hi bi t ed 0 ' i-S f il d
Ehrough: ¢ hottom Bh Rhowf ettt & SHEM AN OF Ffle IMARRRG sBa dr ol T
h f | | iCl ' f th
Standard oumatSridl' EBbted |4 AhI MR Shd Irlotlante OF thelsepaidfiof 1€

to measw e piEmBPagesSi ze of the ultrafiltration menbranes and, by so
measuring, the ultrafiltration menbranes capable of fractionating proteins

having a nol ecul ar wei diie Ofepdrdit@st nieiBPanee that etahr ¢ hidedusia ithet he
present invention. In either case, the separation nenbrane enployed in the

present i nvprddtice pf therpr@sgnbdavention has P poge Hize prefetdidypicicldggerof

t he present invention, the separation mnmenbrane is nodularized into a
filter unittham Supe iand, inarat prefesiblyheotvlsger vidizer 0. Thamnemaehiasfe ahe
separation nmenbrane nodul e can be suitably chosen in the shape of the
separ at i on geethegperatiea betweenithe studgel andéhei waser egmporent.onThed/ or

t he washi ng net hod, ar}d Merrbrane dule may be constructed, of one or a
plural il oPOrérpfifeankeiergnte. 1By Bresstinpinyentpon has c &edingd  §8

hol  ow 11 corresponding to 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 generally
U-shaped configuration within a nodul e; may be bundled w th one end of the
bundl e subsequently closed by neans of a suitable sealing elenent within a
nmodul e; may be bundled with one ends thereof subsequently separately

cl osed by neans of suitable sealing elenents within a nodule; or may be
bundl ed with opposite ends of the bundle |eft open. The hol]ow fiber

menbr ane noldber membrane,medule;rtensnte ahontnballbhe milieniafahpllow fihexd to
S Phat scrobwmiabaie may haoRNndiod nase Shen conReres o THTESPREt 8yl ng.
P ococde rsRaraly (i SHetind SoRBRrBRIE TR §dnPauscmRePe aiiledshed
onbr ane. ALt OaR Stk At Moo iRt e fed SRS G Py neAR R SRR e
Copar at ifon Sichfe QLMY AR h HodREPAARP HP il SpERoBR s
T ashi ng. cHERESE SubdsaRenthy Uepriftoly tddelohe: mdanls BEMUPILI boalifp: .

of the hold)awditewitFad aéd %%aﬁ'ﬁ@hﬂﬁﬂﬂé’&'ﬁfh%g%sﬁ’?é %ﬂ&s%‘i‘the

chenical cleaning of the hollow fiber henbrane nodule, "an aci washing
nmet hod i n viledleYeht asgror | Thechdllogufiberi meathrhnd imhodalerdisl, thexfilteg acid
or citric acid is used; an al kaline washing nethod in which sodi um

hydr oxi de iwnitanacy motbs spegifieilholimiteditoch pantieniait shape, bgeniagdakeas
sodi um hypochl orite or hydrogen peroxide is used, or a chelator washing
met hod 1on v cglindrided|shtapeyongestiaprisimadardohy flatescrdenni ne 4 acetate is
used can be suitably enpl oyed. Exanples of an_arrangenent of the separation
12 s 18 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,
respectively. In the practice of the present invention, any of the
filtering system shown respectively in Figs. 2 to 4 can be conveniently
enpl oyed. Specifically, Fig. 2 illustrates the filtering systemin which
t he nmenbrane nodule or the like including the separation nenbrane 6 is

i nstal |l ed outsigde the c&npl ete oxidatign. tank 5 and the waste water
cont ai ni ng Beinbagae;and ;g cepstrugion eﬁhﬂgné'?m(h!'ﬁ@tee toy g aHaitomwhich

st BB el AETART el AT V5 L
installed outsid te OXi datl ank 5 d t he t.otal
the vaste Wi SeEiyelE: iR, the pEARecs ot thecPeckehil inveatigy. %mspgf

. 4
1 FFSEr ot achyeth %yﬁf%rﬁgs@@v?ﬁen‘ﬁs%ﬁ%w%& LT S
oxi dat| o SHPIBPELG" SHRAITCRIE Fig) 2 flvdta Bt YRS ltcaihB SBefiE IR R,

sucked b ete
oxi datlo% %ﬁ(ﬁ%éﬂ%ﬁﬁﬁ%%#eul rane ﬁ l??{ahémﬁlﬁ%\a %&Hn tnge gﬂ%}ﬂoyed

in place ofgtieinstadled oh'%&&@@ﬁéeéoxﬁﬁl@t@ oRiddt16n Stk oF zﬁ&ﬁ%lﬁe wasteS.
however, to be noted that the filtering system shown in Fig. S

gener al I y adadet agrtaihihbal shidgeais fikkepod walild beling ciFfdulatéd lbtyrmtelam of ux

and can have a relatively small surface area of the separation nenbrane 6,
it has a drawhiroiaition pamp TeFag.i Sellludtaatys therfilfering systemdrbedaiche t he
wast e wat er containing a sludge nmust be circulated. On the other hand, the
filterity sthe snembranei modude o the likeugicluding theeeparatiarh membrane
relatively snmall space is sufficient for installation_and a relatively

smal | ener ¢ ¥8s m%@ﬂ%dmtﬁt ¢ dhe; complabacxidatiomitanke 5 iand atheoiﬁoﬁalux i s

enerally low and a,relatively 13
g Y ! dmount of the waste %’vater 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
menbrane 6 is inmersed within the conplete oxidation tank 5 and the waste
water is filtered by nmeans of suction or the water 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 wi tlargei sunfaee axea.oftdhe separationsnenfbramisotis ihereforprmesprired.

I nventi on, ste water treatnment facilities may be newly set up,. but

al t er nat i ve&@so,t Reheng sthwenél\mgm venstemy rehawBnanf dgl i4.i an neliche the
renodel ed. Fig. S5.illustrates, in a diagranmatic. re resental\tion, .the
sequence of S¢RaxAtien membrane &dssmmearsed within theocomp e foxidation

?ﬁ?:@ﬁ%ﬁ%ﬁ%ﬁﬁ%i %ﬁ*ﬁ%&% ﬁftﬁ%ﬁf”ﬁi%e%ﬁ%ﬁ?é’aé’%?% %g@[eﬁfﬁér the Sfatet”
(St udge 1 chsaftaty rdiplaad S e Bl ahdE ?%Pa"lfl'i‘ﬂ%it'l%géﬁf)%ﬁﬁ 30t e
been r omoveltPRRRTHES gkt D& InBlhint RO o N HRRRHe) Gpikiatls B8

been renobve e was

carri er - 1 uidkgae o6 $heOlehfition> BRUMILHANE 8 c2n B SupBRdde 1) thl zed

aeration ta es a rst aeration tank. rrier- zed

aeration taMglizatily dfnaw effucti 8f Wa¥hify P tRECthebrafe BUrhfeeS Sight €d

froma group consisting of gel-like carriers, plastic carriers, fibrous

carriers andiffusedktaite ®ort tloe Gurpde of émbadyikE tHePrebbat Ussredition,

acetalizing polyvinyl alcohol gel carriers is preferred because of its
hi gh prticeswiaste perttotreatmeatdaéilities inay béhewlset upf bubaltamatevelli | | ed
in the aeration tank is preferably 14

the existing waste water treatment facilities may be remodeled.

Fig. 5 illustrates, 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 the high
processi ng performance and fluidity. In this systemin order to reduce the
size of the 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
nmeans t he BCE rreasured afLﬂ; filtration through a nenbrane filter haV| ng a

pore size of @sezxs tprhexferthm sheamugnodi hdorDin andmere preferahdy| &

the s-BOD v ad, the no act the carrier-fluidized, aer

tank 2. By g@%@ é’gl 595‘@!1)@@!*%@{&%%@3? E@ncﬁﬁﬁénﬁla‘-’forﬁsé% %ﬁ?ﬂ”ﬁfhgl%ﬁ? eof
the carrier,fi,Jled in.the eratlonaéﬁ;gh t he system can be operated
under the SBHAHPTRFARHnE BsEfOTRARGE vidityna,” kg/ m8-day and even

hor gﬂ on tank 3 wher &% 1S, BBFlRodhs Eeahpﬁa’t?hgﬁ 5% BAGEiE ot the Z:d
FL%; "o cAifier Mtfed MR ok 1P 2 aﬁ?@%ﬁ@?ﬁhﬁlﬁgﬁ%&a R ank
3 defining Yolbh qeaa%at?erb ﬁég—g?ﬁ&ﬁ% t&@ra{ﬁ&ﬁ%&ﬁ??uﬁp%’% Gby e 1 0

t he sl udge have been fine I n t carrier aer-at1on

tank 2 as ale'é@SﬂHzin qfk hﬁ?'éthi 1t i PRe!@BODP réfevtéd) tbeﬁsb@eri@liﬁéeﬂaé’&rtoan
extrenely high | oad, e sIu ge cannot settle by itself within the

carrier-fl um@amdtmmmmémh-ea afiegofittration thivugest enedbaani Aderd i N
the carrier- fluidized aeration tank 2 need be introduced into the
activat ed sharviyg aar apoxn siaek 8f s0.45 hgtmpaand cltdqds o BOMR tcondsirtk wast e
wat er can be adsorbed by an_activated sludge capable of being highly

f | occul @t edmidqtperghotemisat | dihe dairger f the oai BQD hvohunevdoad, sthelgmors

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/m3-
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 the
flocculation tank 4 is the waste water from which a substantial amount of
t he s-BOD conponent has been renoved within the carrier-fluidized aeration
tank 2, the flocculation tank 4 will often find difficulty operating
regul arly because of too low load. In such case, the flocculation tank 4
is preferably operated with an appropriate load inparted by introducing
portion of aéwatiestenksdeandbe epergtedunderetheapréviausly deacijbeddomdwnn
tank 3 having been bhypassed the carrier-fluidized aeration tank 2, or by
suppl yi ng amEdunere d%owwer,caumméhe waste agaténto dheiptrodusadante thet o
the activated sludge aeration tank 3. In the flocculation tank 4, the
excessi ve siloega 1%&@1 4risdhe waste watsr doom wieh assubstemtialamount any

Coar e ancek e O Bt 5 B e ieh it e,
a3 ' afr 2, S BT e B BN 2,
tpr 2det erm n‘geeqag;w ?Q%g?’?&dgg&&%u%ﬁ]&%?a?&@e:léégr r]t}h'? #H(g?yc@ﬁ%tvﬁheout
returned ¢ oipfugtid 3ankdrH Brefhtt) oot vih P, SFpRiitlife '15ad

for retainig £1P€ed%§’r”fﬂﬁr&5dﬂ?:iﬁ%“li)d¥%§% of tﬁep%%%é%aTéieaﬁ@tue il lthe the

remai ni ng portion thereof Is introduced 1nto the conplete oxidation tank

5. Ther eaf t getivatirl pPehidss fderatiorkesafkacs iRaving@nbebn SbPphasdd althy
simlar to that described in connection with the Tpreviously described

first embodiarridr-fnddizdde nefration thakd2: air by shppbahgate soatcd qift BGDed
for the sake brevity. 16
component such as, for 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 MLSS. 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 diagranmatic representation, the sequence of
treatnent of waste water according to a third preferred enbodi nent of the
waste water treatnent nethod of the present invention. This third
enbodiment is simlar to the previously described first enbodi nent, except
that in the enbodi nent of Fig. 6, an eutrophication preventing process is
additionally enployed, in which the filtrate (filtered water) discharged
fromthe excessive sludge filtration process taking. place in the
separation menbrane 6 ﬁl&rﬁ ystratesoihacdiagrammgtihrepresentaiondithent i s

o Y o Bted SR RS b of bt ahed atoR T & KT d g
il trate cormRodiGntsdf A0 LV BatE VAR rentmeRl: HHAHboe Ay Ehe P SIRNECD.
: [ gl Yem.3 | i ] d _phosph , which will b
i sehar ged FIaNtoE” STHE RE GHRodiblenl; te notplecls visaeviendy | °
ni troger; angls SR Tt Se hPolfm3Pie Lxpsp e tRAL iR oHihodERbRt T riE. 56, Pe
[ \i ad ramrati P at he

reduced.” Fig. ustrates, 1n PAG C r épresentatr on,

sequence of 4 < af: i na. t d-
mhoa rent & CReORMicAHO Hre Rkl HRREEy b ALY TISER in,
Thi s four t hybidlodhetiltrate Hiltbled watek) aiwgﬁﬁg@asﬁrtsm tBé Exichssiveesladge

enbodi ment, except that in the fourth embodinent, an eutrophication
preventing filteation procedditakong!plyceinltheeshpdratiothntémbiranki 6 deateibed

(filtered water) discharged fromthe excessive sludge filtration process
t aki ng pl acm connéctioe peitht thenfinstremdsvelith atetsisr idbally eompastigastueneditoh t he
second enbodinent is totally or partly returned to the carrier- fluidized
aer ati ol t dile activdted sludgeaerativadagikiBge aeration tank 3. The use of
the carrier-tluldized aﬁa}r’ aa;[liloowniriga Qﬁezﬁﬂﬁggg tiotbe1 Z'eturned 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

17



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
phosphorus contained in the filtrate to be simlarly utilized as a source
of nutrients for the renoval of the BOD conmponent and, accordingly, not
only can nitrogen and phosphorus, which will be discharged from the
system be reduced, but the respective anmobunts of nitrogen and migosphorus

to be addedpessibletor the systamrtiodre spenated sader a bdghddadHedui addition, t he
present invention wll be denonstrated bﬁ way of the_ follow ng exanpl es
@

that are nothe netimreofithe ilirate hackctpshofcammentlagdized aovationdanlkd
i schar ged aRdign G astivagedelusie asyationetat Sialewerthaitrogspoand
L o RS Tl H S FIAER S Rl BEOEE e
ank et nof HeERREER 5RO i M Gy HROD ol F ResoRipls "
B . . S OXT Gdl ¥ ' ud
o the ¢ Sellioaf BipRaR i bR o7 et 02 o ke Mol TS,
k th S t hy@t ; ' ¢ '
anout '3, 000 Ko FPPER Bt IfeSd bR, £ SURRRISE SbBh nitetptahe ©
floccul ati ophaghéies B PeUdddias d Sahre SPhAEridAss LARHNMsh bePfedi@ded.ar ger

than 10 ng/liter and the SS anpbunt (the anmount of suspended solids) was

al so found to be Hefeinaftegethet paedOinventibhewill bél demondiratéd byovay st the
floccul ated sludge was sent to the conplete oxidation tank so that the

i nterfate bfeilosdangtéransplesighatiadce toe swgreledateardimiti thei scopen obethkepreserit a
predeterm ned level. (The flowrate at that tine was about 10 nB per day.)
The nenbr aniavention, it takenrinly feuthequirppsehofillustration.f | ber nenbrane nodul e
made of pol ysul fone resins and having a nenbrane surface area of 10 n2 and
a pore Si zeg’éﬂmbl.ellipm was installed outside the conplete oxidation tank. 18

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 8§00 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 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

256  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.

18



This menbrane filtration unit was operated on an internal pressure type
filtration (at a cross-flowrate of 2.5 nisec) at a constant flow rate of
about 1.1 nB/n2 per day, with the filtrate totally discharged to the
outside of the conplete oxidation tank. During the filtration process,
back washing of the separation nenbrane wth the filtrate was carried out
once every 15 mnutes. The operation of the conpl ete oxidation tank was
started initially with water filled therein and the M.SS gradual | y

i ncreased t Shisrmembranenflirationapitiwas ppecded op/ani internalpresswaQpssfilttagion oad
at that ti was found to be 0.05 kg-BOD KgM.SS per datt.y. The trgnS{Tenbrane
pressure di ¢t aranpssllghamtent .3 Asecdaé@ constant fleverase ©f abeut &dew /ra] per

Sbout oix %:kﬁg?h ihe Eﬁﬁ%&%ﬁé{é@@?@aﬁgﬁgﬁééﬁﬁ%&% fV:%‘r'ergaéé @24 efcigﬁﬁu?f
one year, the I\/Liﬁ_}rln hﬁg i:o ete oxidatjon .tan s found to aY)e een

ingy thso BIFAHAN PEICCSH Pagk psting ©f the separglign membgane;
z;g'?lelml 5;2 Qrfﬂllztg {qu o(;%#rhpg éé;%ger?gr'jé%n The BOD of tahe filtrat ge
was foundhno Le?g@i% AAT I PPt &p é g“",i%ss fognd tor.be_ zero,ecl "
L Fate of 20 g pob€ SBEafR SR et KR BN a4 st infl A6 Wik
exper i ment afvhjer TIRAE fidrdh CAUHMBMI S St BRIREIRE SRteddel oS mdiRed af

nd
wi th the use 01{ a waste water treat rre%t% sygem [ ncﬁ\tl}(gl ng an ac?l va?‘é&d"lta

sl udge aer ai(,000 trapHitBeViThe 3-BOPASIHdgeToad 2t Mt tAné WosC Whiald 89 HeaD!05
havi ng a capacity of 6 nB, a conplete oxidation tank having a capacity of

30 nB and kHBOD/KE-MESS pdrr ddyl oOrTheniransnighbiade presdune diffedace \radiiallyt he
flocculation tank was returned to the activated sludge aeration tank so
t hat t h® Midsreated hadadthérefuredtiel ckigmicabichaandry wdthk sodiul hapoehlorisd euts
3,500 ng/liter, The floccul ation tank exhibited a good sludge floccul ation
and t he BODegpiredat intemtadsiof ageaiodvefsatiovt stk months. nohltheurgiethet syatent ovas
ng/liter and the SS anmount (the amount of suspended solids) was also found
to be not |ehegaiedtqpntinugushy; fortabout ane year, gbe Vb$Somn theecamplete oxidagionl udge
was sent to the coppl ete oxidation tank. so fhat . .
tanﬁ was found to have been stabi 1zed at a{)out 1&,800 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, i.e., 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

19



the interface between the sludge and the supernatant |iquid can be kept at
a predetermned level. (The flowrate at that tinme was about 3 in 3 per
day.) The nenbrane filtration unit nmounted with a single hollow fiber
menbr ane nodul e made of pol ysul fone resins and having a nenbrane surface
area of 5 n2 and a nol ecul ar wei ght cutoff of 13,000 was installed outside
the conplete oxidation tank. This nenbrane filtration unit was operated on
an internal pressure type filtration (at a cross-flow rate of 2 msec) at
a const ant theointerfageebefiwegpothe slndge/and ther supgynatant hiquit can|he kept abmal | y
di scharged to the gutside of the conplete oxidation tank., During the
filtration BredstsmnasdlexchdiThe dloyy rataat thas Simg was ahewb? BReeRiday.)t he
filtrate was carrj.ed out . once gvery 20 minutes.. The operatiqn of the
conpl et e oxi dat i oh% JARMBEANES (filfratign; wnit; moupicg t‘W%V\ét %‘ngq (i'loé]@“f h&‘l’"é“l n

and the M.SS gr,adual | i ncreased t remai ned,at about 9,000 Lliter.
The 5. 60D TS mptuld SR S pabsiind FEGAS an@ag%a EBEHC It Acss per
. Al i ,
Ngés i nt%“ﬁzﬂﬁa%ﬁeﬁf@%é‘ﬁﬁlgﬁﬁm«?&gtz&%pﬂ??%%srv\&%so@ﬁsﬁﬂlqéaﬁﬁﬁs@z@%mt ©
9, 00 i i .
ol g oy CortiBletd bRIaARN GnRN, Thid mesfrae fitfacfttf le WHE GDEPAER HRGNCV T
| ar ger thamn&rﬁyfeﬁjesgg W%{h@i@iﬁ@%ﬂs@%& ebﬁzzlgﬁébc) htsconéta?thﬂ&% been

conpl etely renov e water discharged at a rate of 400 rn3~

per day, thatBePabbutvd)? ei/miqer aPORithahe ifflRste tbﬁilyﬁﬁﬁé}iar%aﬂ@tﬁe}’oﬁtﬁmt ed
according to the process flow shown in Fig. 5 and wth the use of a waste
wat er treatefethie comsplete oxidatioh ngnla  Daring ehe ffiltradon @iocssabacknwashiikg efvi ng
a capacity of 160 nB , an activated sludge aeration tank having a capacity
of 140 108 ,tha séparatioh mérobraneakitththe filgrate wapaarried outfont2@vesy 20 minotes! et e
oxidation tank having a capacity of 60 nB and the nenbrane filtration

uni t. WWile a majbic ppemation off the reompletecomidlation iesk wast started duitiablyowithe
carrier-fluidized aeration tankMﬁortion of the waste water was

fracti onal |'Yyatendilsdtbetein gnd the MESS gradually incaeased dp andgiemaingd ababoidt t he

sl udge 20 9,000 mg/liter. The 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

> and the

of 120 m’, a complete oxidation tank having a capacity of 60 m
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 (4 mmin
diameter). Portion of the sludge within the floccul ati on 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 exhibifed a good . sludge flocculation and the BOD of the treated water
was found t age 11, éh@eracgyﬁt&ﬁ fi’l‘*ﬁjflﬂﬁcf%ﬁlo%nﬁﬁlﬂ%ecqy@a@ﬁuﬂi@(tﬁb @rlount

of suspend ' al so foung,to be nqt,l.arger than 1 /[liter.

Al so, port?ggujﬁ'l?bﬂgé'mg&ﬁf%flé& s&bﬁg‘@mﬁigu@?ﬁ agratiog Vas chatgesht i on
tank so that.theg integrface t ween. t he. sl udge. and, t he .supernatant |iguid
can be kept ™t § BFefbib@riikG favier of retafzng pabyinyg alephol (Frmmed
about 6 nB8 Jﬁ?ifne‘ij%%') The menbrane filtration unit nounted with a single

hol | ow fi ber  menbrane nodul e nade of pol ysul fone resins and having a

nol ecul wei ght f Yare 0 was
ol ecul &, et N PR dr ol 1RO AR BREBEARGoR LSt RY, A2
unit was OpRiRNaBM SR8 aetatiod Ak sBIRESHeAMDSEof tHe 4cHvatsl mgg@ akfAioRr flow
rate of 2.5 nfsec) at~a constant flowrate of 0.7 nB/ni per day, wth the
filtrate tofankldould aakiar asshitt D00 en@iterl dThef fléalfiitlankexhibited hPdddank.
The operation of the conplete oxidation tank was started initially with

wat er fill esdudgeflecculationtand the BODr eftkthel theatédhoneasess faundatocbe aoklanger at
about 10,000 ng/liter. The s-BOD sludge |oad at that tine was found to be
0. 05 kg- BOOhan-1L s@/liter addythe 1S atncams ifthebamoenipof suspeadedisbfids)ewae also
gradual | y increased and, therefore, the chem cal cleaning with sodium
hypochl t¥ i t ®unddorhemot largertthamd8rmgllgent Alspeporivnod! tisofiecailatedshidge.

Al t hough the system was operated _continuously for_ about one year, the MSS

in the conppeEentdethecompletgrmxidation tanksa tiah fieinterdscesbeimidentbe shidgghout
10,000 ng/liter and drawi.ng.qQf the sludge out of the syste s, hever
carried out erﬁj‘_P?@aE?ﬂtsh‘ﬁ% 3. berkRp 808 RIPdetRENINed:IFYcl Wb s datkor
larger than,n Nt Wis 438t 68 per day.)

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
3,000 ng/liter, was experinmentally treated according to the process flow
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

capaci ty ofthispeodindlheBORR of theBltrate wyasifound nat largenthae 2amgdjter ansbihei on
of the wast mat%r m&s Entroducedﬁénto t he ca[rier- fluidi zed aeration
tank, porti ¥ Y6 1oHRd i B¢ éetgni &n 1QAEVE Pecht FRRBIAMSY tPMOVEduced into the

activated ud & atg_rati on tank so that the sludge load within the
acti vat ed ’&HﬁBea ration tank could be kept at 0.1 kg- BOD/ Kg- M.SS per

oy, Toe"car e G0 g abkatLon 4o 49 SRk, St B i e
nctivar 4 of 00 g, ek bdbelibentdinS Rl RRtdify (ifle DRSO 3pbHE,
aeration tiﬁ”Fi%OS’!S#lcPt&iﬁi lrthé of @ WastD/ Watef "trea ‘3;[1 ls9&teh Eiﬁéc:jlﬂ%&[g‘;“&k

exhi bited a goo udge occulation and the BOD o e"treate r was

found to becapdibr-flaidigéd hbrafohCtaik/Havies addpatity I mUND éthmitedBHMgeOf

suspended solids) was also found to be not |arger than 10 ng/liter. "Al so,
portion of ddistién mkavisgachpsdty ofi26 neeatfldcouldtioncenk haviagox tafnicigroft ank
so that the interface between the sludge and the superpatant liquid can be
kept at a pf enfeiaccomplete bridation (tZile havimg a anpacitt of hAtmi and thasnerhbrine0. 9
n8 per day.) The nenbrane filtration unit nmounted with a single hollow
fiber WWenblikrasionowmit. e While aohajes|ppsiivn ofithe weste svateiwaaintneduceddntecthiear
wei ght cutoff of 13,000 and a nenbrane surface area of 1 n2 was installed
out si de t hecardesirnidizedy aemitaon tankanrortion $Tnthepaste rwater avasniragiionallys

2 qoq) atingodured 6 The Beffusted Shidbracraien fankogh Ui ghe Shidke inad Miiha, o
totally di Sgha 8odetO%ihife A8ktion talk doifd be kept 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
menbr ane was physically washed by neans of back washing with filtrate at
intervals of a filtering period of 15 mnutes, with a concentrated liquid
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. The_,s-BOD sludge |load at that time was found to be 0.04
kg- BOD/ Kg- MagSofdrmdany’. pex diyouwgith the filtyate dotaltysdisgharged to cenoutsideusf thef or
about one year, the M.SS in the conplete oxidation tank was found to have
been st abi | ¢omaplete exidation, 6ok. ny/Puring &inel filteationg priocedse  theu dkpparationof
the systemwas never carried out during this period. The BOD of_ the
filtrate wasenhsane) wast physically tvashed gmeansrofahack maskmanaty diliratet ot pe
zero, i.e.,,to have_, be conpl etely rempved. Conparative Exanpl . Maste
wat er simi | itervalsy okt augﬁermg psaed| af 41y e apath @ §@na¢r§ézae§t l]iqlaldr at e

oo e B s LR R Bl il

i er-fluidi ' ' ' 20 1B, ,an..acti
%F‘L&'gir serat on t B oRdg & pé%b%t%p%%%?ﬁ'@ttén@ was gt Anitlly vaihe

: . _ . . Jal _ .
t ZXL:&;';‘ SR E*é!?d?%lﬂ?%ﬁ%ggt%;IY%SZ%QB%‘:)Z&%?%S# by teffihi 5F /ﬁ%&b{%%
f ! \ 0 0 Bl
The 11 occul XPPSmEAAOCTRE (RO il R0 ot ShitPlict B fomd b B9 0P -
the treat edkp\BED/REML S8NPert aac?be Aﬁhoﬁ?[ Gk¢ syem WasEerhted’ cottiublislySS

anount (the anmount of suspende solids) was also found to be not |arqger

t han 1010mg/ fortabout blesvsear, the MIDSS i el complutd oxliddticnhank Wy foudd tofhdviee
sludge within the flocculation tank gradually increased and a carry-over
of the sl udopensstabiipednatl ybaurok 000 ang/litern amd hdrawing ofuthat slodge @uk dfnthe t he
treated water, resulting in degradation of the treated 23 water. It has

al so been fsystemn twast nener exasried out dudge thisspehiedn Boe BOHDt ofetheyBlteate was

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 a rate of 20
n8 per day, the BOD of which was 3,000 ng/liter) was experinentally
treated 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
having a capacity of 6 nB and a conplete oxidation tank havior)tgba capacity

of 35 nB. PwRtaronlidiasialeo beanytpangd;thaf ynlessshe sbidgevsas dnawmooikt ofdbe spstamaed
to the actié\ated slud]g@ a:glratio tank so that the MLSS of the activated
sl udge aer atiegysteangodldnajongenbsoneratnd. 3 500 ng/liter. The floccul ation

t ank exhi bijed a &oo sl udgﬂt flocculation and the BOD of the treated water
was found t5OPWIBIVG EXYBPR5ian 10 ng/liter and the SS ampunt (the anount

' I h AN .
addi i on, 0 iZLL@t&“@%@E'ﬁ%@&%‘W%"e?ﬁa}‘éw%%?év#ﬁ%%q%ﬁ%na%ﬁﬁ lh ank
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floccul ati ogarfidgpluiMizéd ABra?fon! fagk! hAdhg anedpacty td1e26 D! A1 cPvdtd@istijipel ank
as shown in Fig. 8 the sludge was disSpersed So finely that floccu i on
was i npossi d¥ratidw taks hiaing a dapagiey af 2O en’Dxaficcalationiaak @:a%ﬁigé c%'»araitlyadf to
that used in Exanple 3 (waste water discharged at a rate_of 400 nB per
day, the Ba®mwfamhacompsteloxidationtanktevingyacapacipe ot 36l | PotticeadLthe
according to the process flow shown in Fig. 9 and with the use of a waste
wat er tteatstedge syithin thé Hoccoulation sankawas eetuthed th thedactivated sindgeakratioavi ng

a capacity of 160 nB, a corrgl ete oxidation tank having a capacity of 190
n8 and a nelidpkaoethat the MLSN ofnthe activatedestudge acrationr ank wouldh iaftaim abeutd

with 14 holl fiper rane nodul es each nmade of pql ysul fone resins and
havi ng 24 aﬁrﬁ&r’m@&%mﬁo‘a%m tagk gy a gaodeduige flpscyption andi t of

13,000 was 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
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 acration 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

24



i nstall ed outside the conplete oxidation tank. This nenbrane filtration
unit was operated on an internal pressure type filtration (at a cross-fl ow
rate of 2.5 nisec) at a constant flow rate of about 01 nB/n2 per day, with
the filtrate totally discharged to the outside of the conpl ete 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
at about 10,000 ng/liter. The s-BOQ sludge load at that time was found to
be 0.05 kga BembegnyEegage aresagf 3me” andiagnelecbulanaveightsautoff ofi 13,00@ weas
gradual Iy increased and, therefore, the chem cal_ cleaning wth sodium
hypochl or i t@stgdled oulsiderhe e@mplete oxidationr tankperThisl membpne fidtration tnifs .

Al t hough the system was operatfd continuougly for about one year, the MSS
in the conpivat Opssatemenan intemal peessursyhipe: Bltrtion (G ancrossdblow Fag ofi 2-about

ig; ??Sd”%;h%z%?:ﬁ gt“ﬁ@%ﬂﬁ??dmérfggaé{?@&d@ﬁﬁ t?%%réteﬁ‘sza%ﬁ%ﬁ%h!@%g&%z ¥ hat
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Exanpl e 5: %ﬁ@%gﬁl}gg}@h&ﬁ Shlahe M1 85, %gﬁﬁ‘élﬁf ﬁ{cré&eaﬁgpﬁfd féﬁﬂgﬁi%%d‘tﬁt()%‘)f

whi ch was Iter, was experimentally treated accor

process fl oyp g6@vfg/litér. FiThe §-BOD \ﬂuﬁgetlﬁﬁd Utethaf tind\afdseforideto bee@prent
system i ncl udi ng an activated sludge aeration tank having a capacity of

120 n8, a fkgmaoma{gmssmerh?gi Ndhe eaRatdrhbrapt fresbre differente geadusllgat i on
tank having a capacity of 30 and the nmenbrane filtration unit. Since
t he wastoe viatmasedbmahd] tedefoee,t ther chemicabglraning withospdianu dypocldarienevas
phosphoric acid were added in a proportion corresponding to BOD.N P =
100: 5: 1. 25cpuredgt intervadssofa patied afrabeautreixt mopthst | Glthdughhthestystbge waist hi n
the flocculation tank was returned to the activated sludge aeratjon tank
so that theoperated 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 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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M.SS of the activated sludge aeration tank could attain about 3,500
nmg/liter. The flocculation tank exhi bited a good sl udge floccul ati on and
the BOD of the treated water was found to be not larger than 10 ng/liter
and the SS anobunt (the anpbunt of suspended solids) was also found to be
not larger than 10 ng/liter. Also, portion of the floccul ated sl udge was
sent to the conplete oxidation tank (The flow rate at that tinme was about

6 nB per day.) to.kee he interface of the sludge whi he floccyl ation
tank at a predet gPF’H"H dtheeyaste yyatendreatment, qumPgt?QV\)Aﬁh% rfé Gt the nh a
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means of back washing with the filtrat® at 1 nter tering  period

of 15 m nutgfoud bh saspendesd volidsEevak i A58 doshid thdeasst irN@ak SN nighliterned
totally to the conpl ete oxidation tank. The operation of the conplete

oxi dati on tAldo, pestich af tthel floettliatdd sludié wasveeineto fthé kethplétersiidatisid tanke
M.SS gradual |y increased to and remained at about 9,000 ng/liter. The

s- BOD s| udg@Heofidwarate htathat itime was abound mdpeedsy. Pto keep BEDinfterfadeSSS ther

day. Also, by nonitoring the respective concentrations of nitrogen and
phosphor us $udge wothimtheefo¢qulatinn fanktat atpredatemginedteveled to the aeration
tank, the respective ampunts of nitrogen and phosphorus bei ng added to the
aerati ol tank welle ragmbsene filtrationeyait, mounted puidh agesisgleadwiiovs filbark s

The. syst om WETOSONG Sde ARads bl RoDRUTLPNF JFSB AU HHING g Paolcevar peight n
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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 | m*/m’® per day, with the filtrate returned to the activated sludge aeration
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

26



sl udge out of the systemwas never carried out during this period. Exanple
6: Waste water discharged at a rate of 400 n8 per day, the BOD of which

was 1,000 ng/liter, was experinmentally treated according to the process
flow shown in Fig. 7 and with the use of a waste water treatnent system
including a carrier-fluidized aeration tank having a capacity of 160 nB,
an activated sludge aeration tank having a capacity of 140 nB, a

floccul ati on tank having a capaci tev of 120 nB, a conpl ete oxidation tank
having a caPRefated comtispouslyden abaul twie ysarsn the MLSSiin dhe completgwoxidationngj or
portion of the wasfe ter S inirodyced, int e carrier-fluidiz

aerati on taﬁ‘?’?,E vm{qugﬁ%gﬁayage%gtp thized af ahgut Qpbﬁé@ﬂ@%lw ‘i"ﬁ‘t"?‘lﬂjﬂgg\? i nto
t he activatqd sl ud‘ge @eration tank so tha(i tpg sl u%ﬂe l.ogd within the
activated sTHO&ROUEILINE SYstedhwas Bayer Grried gpt duripe Sig peody «g- MsS per day.
The carri erEHgH'gﬁéed aeration tank was charged with 8 nB of a gel-Ilike
carrier of dc 1 Zi ng pol yvinyl alcohol” (4 mmin dianeter). Since the
wast e er cont ajned ' L 1roge r S hori c
acid vveV\%te added ina p”PgﬂS%r |cgﬁ+éte§r%e£5%§£fﬁ£mfgp%:q@.ypmeigfggw&ﬁ:ﬂ
Portion of 91?%’1’& Righct ty] Mﬁ? t

activated s Eﬁ&?%jra oér{’ %k%(ﬁrﬁgﬁﬁlﬁe&ﬁegsagét g(gtﬂl{ég’? g%ésgliggge
aeration teHyvit BUFiL. 3t hid WiPEHE usd 8P wilbtd Waldr trddtfeht @?ﬁb‘ﬂnainbﬁﬂliﬁgﬁk

exhi bited a good sludge flocculation and the BOD of the treated water was
found to becarier-flaidiesd atfasion t@nkdiavidges capacithef 360D aéﬁﬁﬁe@@ﬂiﬂe of
suspended solids) was also found to be not |arger than 10 ng/liter. so,
portion of admatién tankuhating astapdgity ofd<0smnt a floctilation tmilehavingi dedparityt ank
so that the interface between the sludge and the supernatant |jquid can be
kept atl0a prleddfemii aecomplese oxidateors tank having at capaeityt pfredOvas” abduthe10 nB
per day.) 27 The nenprane filtration unit nmounted with a single hollow

fiber nendngmbrapsddilEratioaeunit. pdYhide # aneior cpemtionapti theywasiea watgre asar
cutoff of .13,Q00 and ahrrenb_rarhe.é_urface area of 1Q n2 was install ed
fed mto t ui

out si de t hdNH§ € carrier- ized aeration tank, portion of the waste water was
fractionally introduced into the activated sludge acration 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
pressure type filtration (at a cross-flowrate of 2.5 msec) at a constant
flowrate of 0.7 m3/M per day, with the filtrate returned to the
activated sludge aeration tank. The operation of the conpl ete oxidation
tank was started initially with water filled therein and the M.SS
gradual ly increased to and renmai ned at about 10,000 ng/liter. The s-BCD
sludge load at that tinme was found to be 0.05 kg-BOD/ Kg-M.SS per day.

Al so, by noni t or i hhe t membrape cliltrationonodnmaunteshswish ai singlerhallov  fiber
phosphorus both contained in the filtrate being returned to the aeration
tank, the megpuane modiemade of polysuléopamrasing anbhaviogsmedeqwlarentetf ob t he

2t on of |AH00GgE GRSHAS PHSKSAIER o6 1032 astaGE PUIsEces CoRPIgfopl oim
G 1 cr once OBUARDRI PR ndiis FBUAHS TREHAML Bt PG OPUHIA: PhcraaRITaly t
vont hs. 5 A ootk e TSRl GRIEECI R ety B B2 RmBe Aok Bl o
at about 10700 SR PEEAa% R, R, AL Rttt b sl MRleE s
never car ri GicoutTdtshddtioh RS blot CORRANBA Ak RATBURCA inkIhewi o

jsi mlar to that used 1n Exa_ ste water _ 400
in 3 per dayater THIddIRepdin UnidCthe WIE. S5 SABuaMY indréisedBSandereR@diné®at abbut

treated according to the process flow shown in Fig. 10 and with the use of

a waste wat B0,000 eap/tiet SPlid eBONCkldigedoad car thaetinhé Wali fachdies Hel 0105 t ank
having a capacity of 160 nB , an activated sludge aeration tank having a 3

3 capaciay kd¢-BOOD/Kg-MI.8Sqmmulagt e oxi dation tank having a capacity of 190 m
and a 28 nenbrane filtration unit. Wile a major portion of the waste water
was introduced iAlse, the menitoxngf thei despedtiver earicentrations gqfomitregenofandne
vaste wal erpl\lAt%%horus 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 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 Exampie 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
expertmentally 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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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
kg- BOD/ Kg- MLSS per day. The carrier-fluidized aeration tank was charged
with 16 n8 of a gel-like carrier of acetalizing polyvinyl alcohol (4 mMmmin
dianeter). 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.J{he,nenbrane filtration unit.  mounted with 14 hol | ow
fiber menbr BSMbraRg fillrgtion cunita dVBile | maiort pewione of nthea Masteavyater avas

nmol ecul ar weight cutoff, of 13, Qa.aad al so ggging_a rane surface area
of 33 n2 wallitfoseed i the crgictdluifized arptiandank; portion Pliths WasteWateravas ane

0o e, AL MR i DA
i O S e A i AR 0L,
at about” 10N GBI MESS fRCAHE FheRaBidctiidped bBRIERRHK Rad MR 1O
be 0.05 kg-Bih K9-M 5T gﬁ%?llqgﬁ’e chHidrnef g%éikiﬁgpl f nyl AORBI B2/ in

pressure difference gra I ncr ease ore, the chem cal

cl eani ng Wi gianfetet) UnBiiceomle! RhstkewhRs conbinéd eRkithbr nitkGgerahér Phospipns,od of
about six nonths. Al though the systemwas operated continuously for about

one year, tineaMn@pliosphdc acidpietecadieddata propottitik co@esponding: toBOAYN:Peen
stabilized at about 10,000 ng/liter and drawi ng of the sludge out of the
system was ®d08r5:tarried out during this period. However, a problem has
been found in that since the separation nenbrane was required to filtrate
in a quihtity corFhe pwmibrage tfdtrationunis movatedamothnd 4 dedlow fiben membranep| e
1, involving a considerably high cost of 29 installation of the filtering
unit and a ®eddlegsashimady ghpelysnlfane cesns apdhaying amelecylansyeighiseutoffal so,

al though t hgf ?9,80%]: arw ealgoi lh%l{f%[geamt%gnfb?grgled 31r1]19 acé %;_gaeroftﬁar}n; 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)

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 graduaily
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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ng/liter and the SS was found to be zero, the respective total amounts of
nitrogen 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 of
the filtered water to the carrier-fluidized aeration tank, the operation
woul d have continued and the attenpt was therefore given up because for
substitutes of the nitrogen and phosphorus bei ng added, a substantially
total amount of t.he filtered water d to.he returpned tp the .

Corri o1 nstalltion of tbé BlEfaginit e epnsiderahbobiiannnig ot Gartieularly
filtered water was.returned to the carrier-fluidized aeration tank, the
anount of t?ﬁ”@&ﬁﬂﬁg'mater being filtered could not be dealt with and one

nore hollow fibe d hj i e
respective amuné?gggwﬁggg@ggégqlra%g@% Wghglg%h@‘ﬂé %@u?a&g%aﬂﬁ}\/ 2be
reduced ea ftefaltd ' [ O turn
of the fil ﬁggggewat erﬁﬂ%g‘(’)fg ﬁaﬁgﬁﬁg‘??ﬂ?g?zﬁ%fﬂ% éegﬁ/%%g%atﬁ%%hf&éﬁﬁsgghﬁé?ﬁ ng
about ng Megid phd§shdtuESwete fHYRDNtbOBe RV hilth B8es0 f bl e en@r i Bethg/fifer, S
clear that the  waste water can be treated at a reduced cost with

m ni m zat i oRspéctiveby, aNRHRdugt antAiferngptudas hadd go FemvR polibh Vflthet fiReRdesent
I nvention has been fully described 'in connection with the preferred
enbodi nent swhtee te the chiriersfhiidizedcreraticn tdik, alee opB@tivh ngouldahdveosomitiued ar e
used only for the purpose of illustration, those skilled in the art wll
readi |y corarel the atternpt veasthere foteagigers up bécansei for sabstitutes wif the mittdgen and
framewor k of obviousness upon the readi ng of the specification herein
present ed gthashhomisdwang added; ensubstantially dotal agiount ofi¢he Elteregewatendad to

nodi fications are, unless t.heh@de,part fromthe scope of the present

i nvent i ®n ¢ savmed, @dther earrier-Handiged gerationdank. nilaweyers whes ZW5n 0t thed as
i ncl uded t her ei 30.Wat is clainmed is= 1., A nethqd, of treatnent of waste
water, whi O\Eﬁ_pthpsfélge.reé alen wgs retumRed foathentpraess U&ﬁ?%fi)@sqaﬁpﬁgtaaks the
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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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Wi thin 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 step of retaining a
concentration of a sludge within the activated sludge aeration tank at a
predeterm ned val ue by returning portion of a sludge within the
flocculation tank to the activated sludge aeration tank; an excessive

sl udge conplete oxidation step of maintaining an excessive sludge, which
i s the sl ud¥éhatippelaamead isn the floccul ation tank, but exclusive of that

portion of the sludge returned. fromthe flqcculation tank, in a conplete
oxi dation state in whi chTA® ef&reatﬁ%%g Wasgtegvatere TBRE1SESspeed

el :n ;éé;f?? L?P%?ﬁ&b‘}igg oilating. ;{’épgﬁ_g%gﬁ%mi' eé:es}iﬁéqdqaﬁa@f i :_Qfﬁﬁ‘f:lfda?{yﬁn
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in Caim 1 erern the s ating step i S a substep of,
after the xesdKicwahgitidpgl a carrier have been brought into contact with
each other 1n an aerobic condition within the carrier-fluidized aeration

tank, bringing the sladge WebRtemtiatidie aclthidird Btegdeof ntretgiiihact an th
31 each other in the activated sludge aeration tank and, thereafter,
obt ai ni ng accngeartratiant of agludgbywithinctheatctigatéd sthdgeaerativmtahk at
floccul ation tank. 3. The waste water treatnent nethod as clained in Caim
a predetermined value by returning portion of a sludge 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 um 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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1, further conprising an eutrophication preventing step of returning a
total amount of or portion of the filtrate discharged during the excessive
sludge filtering step to the activated sludge aeration tank. 4. The waste
water treatnment nmethod as clainmed in Caim 2, further conprising an

eutrophi 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 sludﬂe aeration

tank. 5. Theaclasothematnr the cactivatedresluclgeaserhtionedank @rd,mthereafter,ei n
the carrier-fluidized aeration tank contains a carrier that is  selected
froma groupbtedningta syperngéant iliquishbyi 8peculating ithecsludge svithin thepr ous
carriers. 6, The waste ter treatnent nethod as clained in Caim 5,
wher ei n t hefleeg Fiémlbﬁﬂ#gi ned within the carrier-fluidized aeration tank

treatmont bt hod a6 ) SYRSOVETIEVRteY CiealipeREthettind adislpunetit CHtine
e T eSS oh i RO o bS8 e b Y i o
thereln, 0 SRR Bk kAR ] B BB A B2
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.

32



