DESCRIPTION PROCESS FOR PRODUCING RECLAIMED WATER
Technical Field [0001] The present invention relates to a process for
producing reclaimed water using treated sewage and other wastewater
as raw water. Background Art [0002] Wastewater such as treated sewage
discharged from a municipal wastewaterireatment plant is generally
released into a river or the like. A process for subjecting the wastewater

to recycling tFestmenht F@%r&?@@éﬁ’é&ﬁirﬁ%ﬁ%&féﬁ‘% &én developed

from recent requirement on water resource reservation. Since the
7 ~1r‘\LW.ast water.contains organic matters in most cases, the organic matters
echii&yenetaty'decomposed by strong oxidizability of ozone to be injected.
[000Since the wastewater contains a solid matter, the solid matter is generally

fitered by Lising 2 separalian membrane.fo gbigin Ine feglaimed water,

[00 ? or exampllé,‘f’atentlﬁ)ocument | disclodes a process for K

reclsubjetting treatsd gewages o prevzpnetreatmentin s v bzores njectinge: -
rate, thereafter subjecting the treated sewage to biological filtration, and
thereafter subjecting the treated sewage to membrane filtering treatment

Backirghigh/gZone injecting rate to produce reclaimed water. Thus, when the

[0C09ZOoNe treatment is combined with the membrane filtering treatment, a
fouling substance deposited on a membrane_surface is oxidized and
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wa st Enembranesuface canbe obtaired 10004] Haweaver thetcoaventienabr the
process for ro}?ucin the reclaimed water using the ozone requires a
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ozone generator

matters in most cases, the organic matters are generally decomposed
by strong oxidizability of ozone to be injected. Since the wastewater
contains a solid matter, the sclid matter is generally filtered by
using a separation membrane to obtain the reclaimed water.

[GOG3:

For example, Patent Document 1 discloses a process for
subjecting treated sewage to preoczone treatment in a low ozone
injecting rate, thereafter subjecting the treated sewage tobiclogical
filtration, and thereafter subjecting the treated sewage to membrans
filtering treatment in a high ozone injecting rate Lo produce reclaimed
water. Thus, when the ozone treatment 1s combined with the membrane
filtering treatment, a fouling substance deposited on a membrane
surface is oxidized and decomposed by ozone, and therepy a foul
prevention effect of the membrane surface can be obtained.

[GOGA4T

However, the conventional process for producing the reclaimed
water using the ozcne requires a large amount of ozone. For example,
in Patent Deocument 1, in the case of the low ozZone injecting rate,
the ozone of 1 to 1.5 mg/L is injected. In the case of high ozcne

injecting rate, the czone of 15 mg/L is injected. An ozone generator
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1 itself is expensive and consumes a large amount of power, resulting in
a high running cost. Therefore, it is difficult to industrial- carry out the
conventional process requiring the large amount of ozone. 0005] Thus, if
a large amount of ozone is used in such a manner, the organic matters in

i t se the ravswater.are. decomposed 100 excessively o -be blogked by thes.1+ing

: membrane surface. As a result, the decomposed organic matters move
in 2 jhfeifteatsd walef “PherefOi theteSvas alss Andther probiémithatfhe 1411y
carrEoncentation ofthe organie maktersdathe itreated wateldngieasesanttone .
000 the quality of the treated water deteriorates. [0006] Then, the present
[000%ventor has developed a process for not decomposing the organic
matters ,using:thie:exidizalbility-ob 6 zone, dbutsadding ansmalamountrafr, the
orgaPZgnEInio fawwaler o changg he surfage properties,of fne solid matiers..
9“5 enhance coagula ﬁity, an coagu[?ating and membrane-fi tering the
be byolidanalters./Patertiapplieds forfihecprodesst Inehisltechhitfuelahemposed

orgadRoLateLthe pzone;tobe ipjected was contrelied sedbat aresidual. s 4150

ozone concentration in the raw water before coagulation was kept within

anctheramgeirbri 002 to 119 FABAS SRtk b flodsrars foridd i fhers in the

trea iRORrovement of the -coagulability, thesfouling of thedmembrang surfage
can be effectively suppressed. [0007] However, when the quality of the

detefARnRAfet deteriorates, the added ozone is consumed by the
(0og@ecomposition of the organic matters. Unless a large amount of ozone is
added, the residual ozone concentr%tionigeforf coagulation is decreased.

I 7S Gase” e CosgUtat R THpFOVIGFe et Soscrrt:

Sct s decredséd 16 icteast a4
decotiancengnembrane piessdre canditherebythedfoid preventiory effect-ofrthe but

addit?g}yeg]bsragfls%g%%%@ %% bgz:%gr%% Ar%%';gefgvoqhilw@georzoc%? gﬁang r%tqcrhrgug&g%ace
imstalled’in"order to deal with such a situation. In addition, since

properties of the solid matters to enhance coagulabillity, and
coagulating and membrane-filtering the solidmatters. Patent applised
for the process. In this technigque, the amount of the ozone toc ke
injected was controlled so that a residual ozone concentration in the
raw water before coagulation was kept within a range from 0.01 to 1.0
/L. Since good flocs are formed by the improvement of the
coagulability, the fouling of the membrane surface can be effectively
suppressed.

[0007]

However, when the guality of the raw water deteriorates, the
added ozone is consumed by the decomposition of the organic matters.
Unless a large amount of ozone 1s added, the residual ozone
concentration before cocagulation is decreased. In this case, the
coagulation improving effect is decreased to increase a trance
membrans pressure, and thereby the foul prevention effect of the
membrane surface may be lost. A large-volume ozeone generator must be
installed in order to deal with such a situation. In addition, since
it is only necessary to add a tiny amount of ozone when the quality
of the raw water is good, only a part of capacity of the large-volume

ozone generator is used, and the ozone generator becomes an excessive
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it is only necessary to add a tiny amount of ozone when the quality of the
raw water is good, only a part of capacity of the large-volume ozone
generator is used, and the ozone generator becomes an excessive 2
facility. Prior Art Document [0008] Patent Document 1: Japanese Patent
faci ication Laid-Open No. 2002-136981 Disclosure of the Invention
~ Problem to be solved by the Invention [0009] Therefore, it is an object of
Priothépresentifivehtion to provide a process capable of inexpensively
roooproducing reclaimed water having excellent quality from wastewater while
sup ressing%the foulin%of a membrane surface without using a Iali\ge
O.

Patedim it OFbiond. MBARETor Savirig ProBient 16076] THe pragent

2002 #vErttian that addresses the forgoing problems is a process for producing
reclaimed water by means of bringing ozone into contact with raw water
to enhance coagulability of a solid matter contained in the raw water;

Discinjecting @ coagulantémtoithie raw water to coagulate the solid matter; and

probf%%mpéagg-fg@ii@gdﬂ@ycc&%giuI%%nsg%matter, and is characterized in

that a residual ozone concentration (dissolved ozone concentration) in the
1000%aw water before a separation membrane (between an outlet of an ozone

contact celumn and aniinletokthe separation-membrang)is Measyrgdoyide
ozone is injected from an ozone generator so that the residual ozone ,
2 PrGiterifation i the raw water Before e Separaticiriiemibrané i< §2ving
excegivenr range;iand rfanramauntabthe-coagulant te benigctedisdnereasedy of
e demagd exceeds capicit of an ozone generator due to

hen an o0zo
2 T HERbraT T Guity Bt ine e e SheF B YSLA 067G
Meangohcenfration:fall§ rbélowna given value. In a region where the ozone
{Omgjsmand does not exceed

The present invention that addresses the forgoing problems is
a process for producing reclaimed water by means of bringing ozone
into contact with raw water to enhance cocagulability of a solid matter
contained in the raw water; injecting a coagulant into the raw water
to coagulate the solid matter; and membrane-filtering the coagulated
solid matter, and is characterized in that a residual ozone
concentraticon (dissolved ozone concentration) in the raw water before
a separation membrane {(between an outlet ¢f an ozone contact column
and an inlet of the separation membrane) is measured; ozone is injected
from an ozone generator so that the residual ozone concentration in
the raw water before the separation membrane i1s in a given range; and
an amount c¢f the coagulant to be injected is increased when an ozone
demand exceeds capacity of an cozone generator due te deterioration
in quality of the raw water and the residual ozone concentratiocn falls
below a given value. In a region whare the ozone demand does not exceed
the capacity of the czone generator, an amount of the coagulant to
be added can be increased or decreased according to an amount of the
ozone to be introduced cr an amcunt of the ozone to be consumed. The
amount of the ozone to be consumed is calculeted from a concentration

of the czone to be introduced, a waste ozone concentration, an czone
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the capacity of the ozone generator, an amount of the coagulant to be
added can be increased or decreased according to an amount of the
ozone to be introduced or an amount of the ozone to be consumed. The
amount of the ozone to be consumed is calculated from a concentration

gas Ofihe.qzane 1o be intrgduced, & yvaste Qzpne, concentration, an 8zoRe 3 one
as flow rate and a flow rate of liquid to be treated. If the ozone gas flow

gas é@a‘ﬁ%l%@ﬂ%%e%ﬁﬁefl‘?&tﬁd% Eg‘eiréé'féﬂiéjret%ﬁ? ARG Eorstantert
almodhiscaleulation ean be-amitied:Furtheimore, the tresiduakazene rmore, the
concentration is desirably measured before coagulation in view of the

h .
res By At 633 Coagutatd By the 620né. TEOTIT The brédent inventdh o
in vispaticulady effectiveavhen the saivy watetis wastewaterreoniainag
[0019 ganic matters. In the present invention, the amount of the ozone to be
Injected is preferably set so that the residual ozone concentration in the
rawwater drefote the sseparation mentbranesislwithintacanye frdrmr0.Qlstoraw

wateg' ;95”1%'5 t@_&g{‘é?reccﬂ{%%@?%f@%gﬁ J:O I;l[aot Héqj 5'. P&Qlt]%u 'B%ggnt

' sulfate, ferric chloride or PSI can be used as the coagulant.
invenidmibrahlesfilationisCEaffied Dt UBIng aitMF hTsthbranée grzebirably set

so tHREMbBane Advantage ot.the vention 09121 Wihe preseRtinvention, re
the ozone is brought into contact with the raw water to enhance the

sepaeabiiaBity 6f fife SOl At AN e G Watr “Fhen, th8 E5Hgulaft smore
prefdijepted nterthe ravtwatentangpagulatethe solighmatters anekthe, salid-ric

matter is membrane-filtered. The residual ozone concentration in the raw .
1o iater Before ¥ sepatatiart: brbrafe it fiasurad THE Smount of the™ -5
carrtedagulantieibe irjected isciticreasedwhed fuadityoofittee raw water

deteriorates and this results in the ozone demand exceeding capacity of

the ozone generator and hence in the residual ozone concentration lower
Advathaythegivém: valuemhatnis, in the present invention, the reduction of the
wmﬁsidual ozone concentration in the raw water before the separation

membrane is !
In the present inventlion, the ozone is brought into contact with

the raw water to enhance the coagulability of the solid matter in the
raw water. Then, the coagulant 1s injected into the raw water to
coagulate the solidmatter, and the sclid matter is membrane-filtered.
The residual ozone concentration in the raw water before the separation
membrane ig measured. The amount of the coagulant to be injected is
increased when quality of the raw water deteriorates and this results
in the ozone demand exceeding capacity of the ozone generator and hence
in the residual ozone concentraticn lower than the given value. That
ig, in the pressant invention, the reduction of the residual czone
concentration in the raw water before the separation membrane 1is
eliminated not by increasing the amount of the ozone to be added, but
by increasing the amount of the coagulant to be injected, which is
far less costly than adding the ozone. That is to say, the reduction
of the coagulation improving effect generated by the reduction of the
residual ozone concentration is covered with the amount of the
coagulant to prevent the fouling of the membrane surface.

[0013]



eliminated not by increasing the amount of the ozone to be added, but by
increasing the amount of the coagulant to be injected, which is far less
costly than adding the ozone. That is to say, the reduction of the
coagulation improving effect generated by the reduction of the residual

0zgnge cancentrationis coveredwith e amoynt ?éﬂ@rgl?@gu'%tst@lting in

prevent the fouling of the membrane surface. [0013; 4 This efiminates the
cost | §RjevBlume oZ6He 'getierator FEstltifif i Cdst $aihg. S additioit Sifite 1©

does EXBERSIME-0ZONe S Retdniected, il doesanot happenthatthe organiconposed
matters, in the raw water are decomposed too excessively to be blocked

Fo0 i mETBrafe ¥urfAds. RS desulf; T8 oFgaficTiatars do it mbGE -
the intgdreatechwaters Adso ibe deteriorationcotthesquality«of thertreated: he

water js. not caused. Even in the re%ent invgntion the residual ozone
deterioration or. ‘ﬁ ick ltg(nji 2] fﬁat@ wa}éx'lsrxg:causedJ Even
concentration in theraw "water before thé separafion membrane is

in tlpreferablykeptwithirca range feomd001 ta@:6: mgfi;ard-morerpreferably aw

wate{Om03:10,1.0.mgll. When, (e residual %988&%"%}%@%%@”}% range

than this range, the coagulation improving eftect Is insufficient. The
from fesiuiiroZ oA SOncartrhtion exceddingthis faigetesults i Righefcostihen

the 10Q14).The excessive addition:qf the;coagylant can.be preventeddo ne
achieve further reduction of a running cost by increasing or redumg?e the
coagalrbuntof fiie-cdagdlant t6be added Aceordingto the'amotmt oivthe ©zone

conc@ZOngtode dntreduced or the armeuat etthe 9zone t bercansiined in the
region where the ozone demand does not exceed the capacity of the

(001 %Y one generator. However, even when the quality of the raw water is
goodgsthe:residuakozone concentrating indhgrannwaterbeforetheented to
be ve

. separation membrane is high, and the ozone demand may k ry small, .
e ot Brorablb it he Aot o (o okouBnt 1o BE SASE CBite ™
the zmponlt iobedaasediopslaretnotfdrmediifdhescoagulantist not addedoant of

rhe AhA0d.a siallamount offine sqlid contained-An the obiect reated waterq
may foul the membrane surface.
in the region where the ozone demand does not exceed the capacity of

the ozone generator. However, even when the quality of the raw water
is good, the residual ozcone ceoncentration in the raw water before the
separaticn membrane is high, and the ozone demand may be very small,
it is not preferable that the amount of the coagulant to be added is
set to zero. t i1s because flocs are not formed if the coagulant is
not added at all, and a small amount of fine =solid contained in the

object treated water may foul the membrane surface.

Brief Description ¢of the Drawings
(0015}

FIG. 1 is a block diagram showing an embodiment of the present
invention,

FIG. 2 is a graph showing an amount of a coagulant to be injected
in a region where an ozone demand exceeds the capacity of an ozone
generator.

FIG. 3 is a graph showing an amount of a coagulant to be injected

in a region where the ozone demand does not exceed the capacity of
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Brief Description of the Drawings [0015] FIG. 1 is a block diagram
showing an embodiment of the present invention. FIG. 2 is a graph
showing an amount of a coagulant to be injected in a region where an
ozone demand exceeds the capacity of an ozone generator. FIG. 3 is a

+he GFaph showing.an.amount of a coagulant to be injected in a region where
the ozone demand does not exceed the capacity of 5 the ozone
generator. Description of Reference Numerals [0016] 1: final

Descsedimentationtank < zaneeentast column 3: ozone generator 4:
coagulation tank 5: dissolved-ozone meter 6: coagulant-injecting pump 7:

1%bagulant storage tank 8: separation membrane Best Mode for Carrying
£ Qutithednvestiont QAL Addereinafter, a preferred embodiment of the

gresent inven%ion Yvill be described. Typical examples of raw water in the
Cz0 (ol

ne contac UInn,
preserntinvention ifcllde treated sewage. The other examples of the raw

(00

1

Z

3: owater gwladetsidestreams, industrial wastewater, night soil, agricultural
e i bbciment shown In FIG. 1. reclaimed water s produced
2 dpyegdingdremedsséwage discharged from a final sedimentation tank 1 of
6

7

B

c&municipak wastewaterdreaiment plant as raw water. [0018]
coagulant stocrage tank '

separation membrane

Best Mode for Carrying Cut the Invention
[0017]

Hereinafter, a preferred embodiment of the present invention
will be described.

Typical examples of raw water in the present invention lnclude
treated sewage. The other examples of the raw water include
sidestreams, industrial wastewater, night soil, agricultural
wastewater, live-stock wastewater, aquaculture wastewater and clean
water. In the ermbodiment shown in FiIG. 1, reclaimed water is produced
by using treated sewage discharged from a final sedimentation tank
1 of a municipal wastewater treatment plant as raw water.

[0018]

The raw water is brought into contact with ozone injected from
an ozone generator 3 in an ozone contact column 2. Means for bringing
the raw water intc contact with the ozone is not particularly limited
in the present invention, and may either be an upward flow type or
a downward flow type. The means may alsc use a process for jetting
out the ozone from an alr diffuser plate, or a process for blowing
the ozone as fine bubbles {(microbubbles and nanobubbles) using an
ejector. A coagulation improving effect of a solid matter in the raw
water by the ozone is carried out in a very short time. The mechanism

of the coagulaticn improving effect by the ozone is not completely
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The raw water is brought into contact with ozone injected from an ozone
generator 3 in an ozone contact column 2. Means for bringing the raw
water into contact with the ozone is not particularly limited n the present
invention, and may either be an upward flow type or a downward flow

reso BRE; The means may glso ysea process far jetting. qut the 0zone from an
air diffuser plate, or a process for blowing the ozone as fine bubbles

oxidimikrobibBled ahtfharchiiobledyesing-ah EjectérA ebagtifation the solid
mat t#previngeffect of aiselid matter:in thesaw: water by thesezene is caryied

out in a very short time. The mechanism of the coagulation improving
COagRtaEEBy the ozone is not completely 6 resolved scientifically. However, it
[001¢s guessed that the oxidizability of the ozone changes the surface charge

of the solid matter, and the solid matter h lus electric_ charge easily |, . .
CoRGEIAREA. 160T5] b Fat WatSH HavING trs S0 Fraier Raviig =0 1LY
incresagdlabilityr increagetisy beinging-the fawwater iatotcentaict With theone is

sent OBeci§a§ST£E?&%ﬁ%‘%ﬂor‘é@%&ﬁe&% %%%89%8&%%“8@ e raw

the raw water before a separation membrane is measured by a

wate fissdload-cz e ametdes. IElHS Brmbodiment thededstrimgeplatesst thecne
metefesidual, pzone. goneentration is before the coagulation tapk4.<Inthe) ozone

present invention, the ozone is injected from the ozone gs;erator so that

concepg fesidiial 'Sz i E8Rcehfatioh PHeasurdd hérein fs in Higiveh raRgeent
inverdhe@meustofihe ozong tedhe injeeted by:the ozeng-genenater 3ds:sel: the

_so that it can be kept within a range preferably from 0.01 to 2.0 mg/L, and
res it ST A o B 15 T O I E TS FangeTis BroviasaRincaime The
amou@madntokthezazene tolbe corisumed isichangedzand therresiduat Gzonre set

caoncentration also fluctuates according to the guality of the inflow ra .
=0 THGRar Whek The i whler S secondary SHUSRES! rhuigpal wasteuwelsy =
and rtpeatment ptait] inorderdto3obtain thecdbovermentioned resigualozenes Lnce

the SPACEOUAHOD, the ozone,of ahout 4, £, 10 M/l s piected jnfothe raws; 4,41
water. If the quality of the raw
ozone concentraticn also fluctuates according to the quality of the

infilow raw water. When the raw water is secondary effluent of
municipal wastewater treatment plant, in order to obtain the
above-mentioned residual czone concentration, the oczone of zbout 4
to 10 mg/L is injected into the raw water. If the quality of the raw
water is good when the amount of the ozone to be injected is set constant,
the consumption of the czone is small. Thereby, the residual ozone
concentration in the raw water before the separation membrane is
increased. If the quality of the raw water deteriorates, a large
amount of ozone is consumed. Thereby, the residual czone
concentration in the raw water before the separation membrane is
decreased.

[0020]

A coagulant is injected into the coagulation tank 4 from a
coagulant storage tank 7 by a coagulant-injecting pump 6. In the
pregsent invention, when the residual ozone concentration in the raw
water before the separation membrane measured by the dissolved-ozons

meter 5 is lower than a given value, the amount of the coagulant to
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water is good when the amount of the ozone to be injected is set constant,
the consumption of the ozone is small. Thereby, the residua]. ozone
concentration in the raw water before the separation membrane is
increased. If the quality of the raw water deteriorates, a large amount of

be 1rPZQNLIS cansumed.cEhereky,the; tesidual ozope, conceptrationdn the raw.e
water before the separation membrane is decreased. [0020] A coagulant

deteyd fHjabrdl 6 theiHaGiniatibn tRKH R CSatIantEiagetdnkePBg .ty

of tr:CoAgMantinecting piaprEIndhe, present svention whendhesesiduali on
ozone concentration in the raw water be}or@lthe seg gation membrane
5

¢ a
Lowernbagtirad by tHe drsbdived Sz6He Heter's 1S Tolter than a given valtie, THe®
is ir&i‘ﬂéplﬁé@f thecoagulapi to ¥ibeinjeetedtisikicedasednEhatig;avherthien in
che Auality of rthger%%‘évaég% %%iaea”roé ates and this fesults 's”e.%”rf%z%rl%(‘j%‘ﬁé?ﬁ?dam
exceeaing capaC|ty of the ozone generator andghence In the residu
the rozonereonceritration ISwerthrara given valde fithecamourit oftier than 0.5

mg /1, Copgulant 1o he injected is ingreased, Fop example, whendthe residual
0zone concentration in the raw water before thé separation membrane is
[00Z%et to 0.5 mg/L, and the measured value of the dissolved-ozone meter 5

is lewer thap.5.mg/L - the amount.ofdhecoagulant io,bednjestadis: to be
~ increased.” [0021] The degree of a change in the amount of the coagulant
injeqb e HMjecicl BecoMIIRGIBEhatyeMtheTesithil SZomE conEERTati 1o°
shou SAodd berdetermined ageording tedherguality of the sawwater-andzther and
kind of the coagulant. PAC1, alu inuqrg sulfate, ferri %hloripe or Psman k
date 29

the i5ddsgY dd'the Codgumt. For examp ;

Hvheh the lraw water is the freated de
or PSewage-andRACIdsiusedasthécoagulant, assholw imhagraph okRIGater

s o B APOUTLOT PACL 9 be nfected rugy-he ingreased by 0.2 g All, 5,
with each reduction in the residual ozone concentration In the raw water
a grygford theGeparation amembrané By 011 taghe fiamB:sethghy Naturaflysased

kgfO}?%@uﬁﬁ§§%éﬂﬁh%5@%%%%&E{Q%QQ§QHEHWE%qua1ozonecmncentration

in the raw water before the separation membrane by 0.1 mg/L from 0.5
mg/L. Naturally, the increase of the amount of the coagulant to be
introduced results in higher cost. However, the cost increase related
to the amount of the coagulant to be introduced is significantly lower
+han the cost increase related to the amount of the ozone to be injected.
[0022]

Thus, when a controlled amount of coagulant is injected into
the raw water having coagulability improved by the czone, the solid
matter in the raw water 1s promptly ccagulated to form flocs. When
the quality of the raw water deteriorates and the amount of the ozone
to be consumed is increased to decrease the residual ozone
concentration in the raw water before the separation membrane, a larger
amount of coagulants are injected to form good flocs after all. Then,
membrane-filtration is carried by a separaticn membrane 8, and
filtered water is taken out as reclaimed water.

(00231
An MF membrane or a UF membrane can be used as the separation

membrane 8. Since good flocs are formed in the preliminary step, a

8



introduced results in higher cost. However, the cost increase related to
the amount of the coagulant to be introduced is significantly lower than
the cost increase related to the amount of the ozone to be injected. [0022]
Thus, when a controlled amount of coagulant is injected into the raw

membWAlErhaving coagulability improved, by the ozone, the sqlid :matter o, the. .

raw water is promptly coagulated to form flocs. When the quality of the

as wifdwiWatepuststiorated difFthe difount 6Fihe B26nEiBHe dotsiifRdiganic

mat td¥Greased Lo.decrease tha-residuahozone eonrcentrationqja thedawwatercked
before the separation membrane, a larger amount of coagulants are

by i BEE T form §odtocs aftef i Then: "mémBrane-fitratiohis Canidd™ove
into Byrasseparation-membeang 8y and Hiltered watebis taken ot asrecaiedoes

ater.. [0023] An,MF membrane o F membrane can be used as the
ot QR o b ks Dbt o T Sa T R SELERR or
cerar_st_ep, aTBm*_rmbmeesmfmismeﬂﬁquI@de Si!ﬁ@ B|xoessive ozoreiismotane,
a volllged ARl ibe. opventional jechicug, It 463, 00f DAPRSIINEEING 1 e

organic ‘matters in the raw water are decomposed too excessively to be

type bloekednpyathe aierabraiesUHEbs2AS -a résSult) thecBRie Phdtters g6 bt tn

type MAVENIO Wreated water  Therefore, dhg quality ofihe tigated Waler 406S,.a s

not deteriorate. The material of the membrane may be a polymer or a
used ceramic. The membrane is optionally one of a monolith type membrane, a
o0z 4ybular type membrane, a honeycomb type membrane, a hollow fiber
type membrane and a flat type membrane. In this embodiment, a monolith
type CaPamic TémbYahe haRGREtHred B tE dppitants comphnyad s 119
provused.{0084] The membsanesurface car:be-preventedfeotnfouling.e demand
without being, provided with a

coes B e HaanA bAE Nt SAlen e CAhacky B he Biont pERGA T =0t
the wvas foundithatdthe contindoas additiordafixed amourtpflacbagukantvhen
the q%\é%qwg% the raw water is improved may cause a useless coagulant,
and the excessive coagulant may notably foul the membrane surface.
Therefore, as described in c¢laim 2, it is preferable that the amount
of the cecagulant to be added is increased or decreased according to
the amount of the ozone to be introduced or the amount of the ozone
to be consumed in the region where the ozone demand does not exceed
the capacity of the ozone generator.

[0025]

That is, if the quality of the raw water deteriorates in the
region where the ozone demand does not exceed the capacity of the ozone
generator, the ozone demand 1s increased. On the other hand, if the
quality of the raw water is ilmproved, the ozone demand 1s decreased.
Then, as shown in a graph of FIG. 3, when the amcunt of the czone to
be introduced or the amount of the ozone to be consumed is increased,
the amount of the coagulant to be added is increased. When the amount
of the ozone to be introduced cor the amount of the czone to be consumed
ig decreased, the amount of the coagulant to be added is decreased.
Such operation can reduce the amount of the coagulant to be used when

the quality of the raw water is improved, and can achieve the reduction
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the quality of the raw water is improved may cause a useless coagulant,

and the excessive coagulant may notably foul the membrane surface.

Therefore, as described in claim 2, it is preferable that the amount of the

coagulant to be added is increased or decreased according to the amount
of aogggl%%zignggg@e introduced or the amount of the ozone to be consumed

in the region where the ozone demand does not exceed the capacity of
[002fHe ozone generator. [0025] That is, if the quality of the raw water

deteriorates in thenregionvhere the ozone demand dogs.not-excesd the +he
capacity of the ozone generator, the ozone demand is increased. On the

COnVY ﬂd?ﬁ‘fﬁ@sﬁu‘éiﬁfi/‘:& e rafivaters i%&%?%ﬁé%%&% Prmard 13
set d®Aecreased.e T henras sbown in agraph bEFiG. 3yavken theampouatef the
the ozone to 1be int‘rodu ed or the amogntn%f the ozone to be consumed | ;
X Easad Othe Bmoidrt Of the coad irant fo be sidad ¥ ifereased Whan Y
foul theameuhtafd¢hewozinesto besintroduceckdr tesamounticf thecbZzene 4an be
be consumed s decreased, th nt of the coagulant to be added is
oL e B e St Ve
amouysediwhea theogeaality ofthevawdated i imploved and-cad dchieve the to

be c&ﬁgﬂﬁ@@ i% Qif'@cwc{]oj@& .CO%S %%xg;l— §{{1(‘£€I%bje§} r@@@{i%gﬁ bﬁ"le amount

_coagulated are insufficient in the conventional process where the amount
of thst fieigoagiilanttdBeissd i$ Ssetchbnatat-eFér iien the qualify epae Lant

to pEawmateris improved, the execessiveceagulantmay-dicectivreashther cne
membrane surface to notably foul the membrane surface. As described

Coagubik, tistBrobfemtah Be“Soffed by décredsiig the’ anodhtof tHECunt ©f

f1ine cogdigiantto beradded whenithecamountetihe 0zone:tp beintrodueesiorane
< Tfﬂg:e amount ?-f theO%zorle o be cgggu?ﬁ?gdfijst decreased. As shown in FIG.
PR Bven Wheh the BMoUAT of the Coagutant to'be atded is decreased, the
[06G2&amount of the coagulant to be added is not set to zero, and a certain fixed
Zg}gsﬂ Eéé;féﬁleib%%a%%'&% is preferably secured. This s because g small o1,
produce reclaimed water having excellent gquality fromwastewater while
preventing the fouling of the membrane surface without using a large

amount of ozone. Hereinafter, examples thereof will be described.

Exanples
[ooza;
(Example of Claim 1 of the Present Invention)

Secondary effluent discharged from a municipal wastewater
treatment plant was used as raw water. reclaimed water was produced
using an apparatus shown in FIG. 1. An amount of ozone to be injected
was set to 6 to 10 mg/L so that a residual ozone concentration in the
raw water before coagulation was within a range from 0.3 to 1.0 mg/L.
PACI was used as a coaguiant., The amount of PACL to be injected was
increased by 0.2 mg-Al/L with each reduction in the resicdual ozone
concentration in the raw water before coagulation by 0.1 mg/L from
0.5 mg/L.. On the other hand, when the residual ozone concentration
was 0.5 mg/L or more, the amount of PACI to be injected was set constant

at 3.0 mg-Al/L. The gualities of the raw water and reclaimed water

10



fine solid contained in the object treated water may foul the membrane
surface when the coagulant is not added at all. [0027] As described
above, the present invention can inexpensively produce reclaimed water
having excellent quality from wastewater while preventing the fouling of

at +if& membrapesurface withoutusing a large amaunt 0f.0Z0R8: 4 imed water

Hereinafter, examples thereof will be described. Examples [0028]

when (Eggnible ot ClafmE el the Présént Rverition} Setondaryeffidert’en 1f the

residigchargeddropnadnunigipakwastewater freatment pRRMWAS Ut aS S8Wa
water. reclaimed water was produced using an apparatus shown in FIG.

ChangeANEm ot Gt oZonE o Be injettet WAESEE td BT HY/E 'so that a
(002 eesidual ozone concentration in the raw water before coagulation was
?Tabwithiﬂ a range from 0.3 to 1.0 mg/L. PACT was used as a coagulant. The
: amount of PAC1 to be injected was increased by 0.2 mg-A1/L with each

reduction in the residual pzone concéntratatedn the awaivater before
coagulation by 0.1 mg/L frofUat6ang/L. On the other hand, when the
residual ozone concentratiogy,wag0. 5 mal/t or mare, the Amoint of PACT
to be injected was set constant at 3.0 nigafiold 1. The-gpradiies of txemple3

W&;E gfd reclaimed water 1005[ that/time yere shown |1n Table 1. TQe

quality ?’9{3[’ laimed water..when.the ;amgun?nf PACI1 to be injected-was

Qualitynot |chaRdgedleven if the resid@dl ozone coh€entration iri-the raw wate?

bef()@oﬁﬂwlatlon was c:han%ggwas shom% In Table 2,as a compagafive

example.-J0029]-[Table 1] Treated-(reclaimed Quality of watenwater)
Dissolvetyy wagene  concentration
- 0.3 0.5 1.0
(mg-O4lL)
Amount of PACI to be injected
- 34 3 3
{mg-AllL)
Interval for chemical cleaning (day) - 90 0 90
[0030]
[Table 2]
Treated {reclaimed
Quality of water water)
rawwater | Comparative | Comparative | Comparative
Example 1 Example 2 Example 3
S3 (mgll) 0-4 1= 1> 1>
Cluality BOD (mgfL) 2-8 1-2 12 1-2
Color(unit) 13-25 1-3 1-3 1-3
Dissolved ozone  concentrafion
- 0.3 05 1.0
(mg-OaL)
Amount of PACE to be injected
- 3 3 3
{mg-AliL)
Interval for chemical cleaning (day) - 60 80 80
[003%]

Tables 1, 2 are compared. Even 1f an amount of PACI to be

iniected was not changed in accordance with a dissolved czone

11



Example 1 Example 2 Example 3 SS (mg/L) 0-4 1> 1> 1> Quality BOD
(mg/L) 2-6 1-2 1-2 1-2 Color(unit) 13-25 1-3 1-3 1-3 Dissolved ozone
concentration - 0.3 0.5 1.0 (mg-O3/L) Amount of PACI to be injected 3.4 3
3 (mg-Al/L) Interval for chemical cleaning (day) - 90 90 90 [0030] [Table

Conc %1 E- f%%@c%(,reg?é mm%gc e(_g “Sﬂ‘é’ﬁft‘gy%%rswé‘i%% 4 %Wt\q@t%%gg m p@ﬁatf:\’:l% other

omparative Comparative” Example 1 Example 2 Example 3 SS (mg/L)
handg-415e1¥ab Ouality BODIMGILF206 192 3929 CEIGitUAI) 1325 1-3

memb1a34=3 1 Dissalved azone;caneentrations0 3 @s:1:0 1(Mg-03/4 0 AMOUntOf oy
PACI to be injected 3 3 3 (mg-Al/L) Interval for chemical cleaning (day) -

Wihen g4 60790 | f0b$1] Tabled @, Fard £ohiFar et EVEATRAN R GUit SFPRET to-t1

the diedojected:wasdobehangediinaccargdenee withiacdissalved Dzoneckkmical
concentration, the Wactier g.uglétygvgacs:1 almost the sag1e. @) J:QS other hand,

Clea?n]tré%/ﬂ%cs)r Bhemicare egnlng showmad’ Wheéther'the -5 ceene

concentration. However, when the amount of PACL to be injected was
not changed in accordance with the dissolved czone concentration
(Table 2), the interval for chemical cleaning was 90 days when the
dissolved czone concentration was high, and the membrane-filtration
could be stably cperated. EHowever, the interval for chemical cleaning
was reduced to 60 days when the dissolved czone concentration was low,
and the membrane~filtration was slightly hard to be stably operated.
The interval for chemical cleaning throughout the whole pericd was
reduced to 70 days. Therefore, the increase of the amount of the
coagulant to be injected is found to be effective when the dissolved
ozone concentraticon is low.

(0032]

(Example of Claim 2 of the Present Invention)

In the above-menticned example, when the residual oczone
concentration in the raw water before coagulation was 0.5 mg/L or more,
the amount of PACl to be injected was set constant at 3.0 mg-Al/L.
However, in example of the invention of claim 2 to be shown below,
the amount of PACIL to ke injected was changed according to the amcunt
of the czone to be intrcoduced as shown in Table 3 while controlling
the amount of the oczone to be injected so that the residual ozone
concentration in the raw water before coagulation was kept at 0.5 mg/L.
Tn this case, the interval for chemical cleaning was 20 days and the
membrane-filtration was stably coperated. On the cther hand, in the
case of Tablie 4 In which the amcunt of PACI to be injected was set
constant at 3.0 mg~-Al/L, it was confirmed that when the amount of the
ozone to be introduced was small, the interval for chemical cleaning
was short, PACL was wasted, and the membrane surface was esasily fouled.
[0033]

[Table 3]



membrane-filtration was stably carried out will be described below. When
the amount of PACT to be injected was changed in accordance with the
dissolved ozone concentration (Table 1), the interval for chemical
cleaning was predicted to be 90 days in any dissolved ozone

concentration. However, when the dmountﬂggégvgtgg(%mt\%{éﬁas

not changed in accordance with the|d
2), the interval for chemical cleaning
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water before coagulation was 0.

5 mg/L or more, the amount of PAC1
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12 Treated water (reclaimed water) Example 1 Example 2 Example 3 SS
(mg/L) 1> 1> 1> Quality BOD (mg/L) 1-2 1-2 1-2 Color(unit) 1-3 1-3 1-3
Amount of ozone to be introduced (mg-03/L) 4 6 8 Amount of PACI to be
injected (mg-Al/L) 1.5 2 3 Interval for chemical cleaning (day) 90 90 90

mgpogft] Treated water (reclaimed water) Comparative Comparative

Comparative Example 1 Example 2 Example 3 SS (mg/L) 1> 1> 1>

Recl @uglty BOPYmg/L) 1-2 1-2 1-2 Color(unit) 1-3 1-3 1-3 Amount of ozone

to be introduced (mg-03/L) 4 6 8 Amount of PACI to be injected (mg-Al/L)
3 3 3 Interval for chemical leaning (day) 70 90 90 13 [FIG. 1] Reclaimed

[F1Gwatér [FIG. 2] (1) Amount of coagulant to be injected (2) Ozone

(1)
(2)
(3)
(4]
(5)

zencentrationd3) Poor(4) Quality of sawswater (5) Good 14 CLAIMS 1. A
rocess for producing reclaimed water comprising: bringing ozone into
BRTICtWinT FAW Waterto enhance coagulability of a solid matter contained

lvthe raw water;
Quality of raw water

Good
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injecting a coagulant into the raw water to coagulate the solid matter; and
membrane-filtering the coagulated solid matter, wherein a residual ozone
concentration in the raw water before a separation membrane is
measured; ozone is injected from an ozone generator so that the residual
ozone concentration in the raw waieh, before the separation membrane is
in a given range; and an amount of the coagulant to be injected is
increaBed WoREF ant6ZoMe teNTaRd eXeeetisTEapXEit? of afGZone 9

gepgerator duesto-deterioration in Auality of the: raw: water-and-thesesidual
0zone concentration falls below a given value. 2. The process for

€ C . 1€ p o
coagydilitiHg! rétiaimed waleF actording to AT 1 whefeinil &'Fdgion
wheredbeiozpnedemansdoestmot exceed the capacityof the lozone solid

eneratpr, an amount of the coagulant to be added is increased or
dcreased according to an amount of the ozone to be introduced or an
ameuntrefthefoZare io:bet¢ensumed L3L Fheprocdsador producing
reglaimed water.aceording 10, claim, 1. Wherein ihe [an wate,iS.. o pesore
wastewater containing organic matters. 4. The process for producing
a sepeciifed wardrascorting t6 eintl, Wheteinithelanirtdf thebonewene

gene R Injected is.set.sQ thatthe, residual ozone-concentration inthe raw; water
water before the separation membrane is within a range from 0.01 to 2.0

befoxagihes STRaTEbERES TBFPrétitcing retidimedsiatsatcording 8 AafmTt, of
the cwhereigrRAGLalumiaumesulfaten ferds chiorideror P Skisndsedrasidhgcceeds
coagulant. 6. The process f(l)s}:[ﬁroducing reclaimed water according to

PO, WhefintheShehibrahétiftering!Ts Cariddbut Using AmE ¥ ©f the

raw vaesbrane ona Ofsmhémbranexkb concentration falls below a given

mati

value.

2. The process for producing reclaimed water according te claim
1, wherein in a reglion where the ozone demand does not exceed the
capacity of the ozone generator, an amount of the coagulant to be added
is increased or decreased according to an amount of the ozone to be
introduced or an amount of the ozone to be consumed.

3. The process for producing reclaimed water accorcing to claim
1, wherein the raw water is wastewater containing organic matters.

4. The process for producing reclaimed water according to claim
1, wherein the amount of the oczone to be injected is set so that the
residual ozcone concentration in the raw water before the separation
membrane is within a range from 0.01 to 2.0 mg/L.

5. The process for producing reclaimed water according to claim
1, wherein PACI, aluminum sulfate, ferric chloride or PSI is used as
the coagulant.

6. The process for producing reclaimed water according te claim
1, wherein the membrane-filtering is carried out using an MF membrane

or a UF membrane.
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